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Abstract

Background: Classical swine fever virus (CSFV) can evade the immune response and establish chronic infection
under natural and experimental conditions. Some genes related to antigen processing and presentation and to
cytokine regulation are known to be involved in this response, but the precise mechanism through which each
gene responds to CSFV infection remains unclear.

Results: In this study, the amplification standard curve and corresponding linear regression equations for the genes
SLA-2, TAP1, SLA-DR, Ii, CD40, CD80, CD86, IFN-α, and IFN-β were established successfully. Real-time RT-PCR was
used to quantify the immune response gene transcription in PK-15 cells post CSFV infection. Results showed that:
(1) immune response genes were generally down-regulated as a result of CSFV infection, and (2) the expression of
SLA-2, SLA-DR, Ii and CD80 was significantly decreased (p<0.001).

Conclusion: We conclude that in vitro infection with CSFV inhibits the transcription of host immune response
genes. These findings may facilitate the development of effective strategies for controlling CSF.
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Background CSF is still epidemic or endemic in many countries in

Classical swine fever (CSF) is a devastating disease, which
is responsible for substantial economic losses due to the
death of valuable livestock. For this reason, classical
swine fever virus (CSFV), the causative agent of CSF, is a
listed disease by the World Organisation for Animal
Health [1,2]. Since the implementation of strict
immunization measures, changes have been reported in
the epidemiological form and clinical signs of CSF.
Large-scale outbreaks are now rare, but sporadic epizoo-
tics still occur frequently with chronic, atypical forms of
the disease. Abortions, stillbirths, mummifications, mal-
formations, and the birth of weak piglets have also been
observed [3]. Although some countries, such as Australia
and Japan, have succeeded in eradicating the disease,
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CSFV is a single positive strand RNA virus of the

genus Pestivirus in the family Flaviviridae, approxi-
mately 12.3 kilobases (kb) in length [5-8]. The virus has
been detected in semen, gonads, tonsils, and lymph
nodes, even in vaccinated pigs [9,10]. It has been shown
to evade the host immune system and to establish
chronic infection under both natural and experimental
conditions [11]. Specifically for CSFV infection, host
anti-viral Type I IFN, such as alpha-interferon (IFN-α),
was suppressed in infected dendritic cells, and some
other host cytokines including interleukin (IL)-6, IL-10,
IL-12, and TNF-α were also not induced [12]. There was
an initial, short-lived increase in the transcription level
of genes encoding for pro-inflammatory cytokines IL-1,
IL-6, and IL-8 at 3 h, followed by a second, more sus-
tained, increase at 24 h post CSFV infection [13]. Tran-
scription levels for genes encoding for coagulation
factors, tissue factors, and vascular endothelial cell
growth factor (VEGF), all of which are involved in
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endothelial cell permeability, were also increased [13].
Sánchez-Cordón also reported that CSFV strain Alfort/
187 from a Swiss isolate induced a change in cytokine
expression (IL-2, IL-4, and IFN-γ) by the T-lymphocyte
population (CD3+, CD4+, and CD8+) in serum, thymus
and spleen.
In 2001, two independent studies confirmed that non-

cytopathic bovine viral diarrhea virus (BVDV) can estab-
lish persistent infection by inhibiting the induction of type
I interferon in vitro and in vivo [14,15]. However, in
addition to evading the immune response by altering cell
surface markers and cytokine induction, many viruses
have developed the ability to infect immune cells – a strat-
egy which plays a key role in orchestrating the inhibition
of antiviral immune responses. For example, the HIV-1
virus infects CD4+ T cells, and the depletion of these cells
is a hallmark of HIV-induced AIDS. Previous studies have
demonstrated that CSFV has a particular affinity for cells
of the immune system, and can compromise the host im-
mune response. During CSF, both B- and T-lymphocytes
are depleted [16-18]. CD4+ and CD8high+ T- lymphocyte
levels drop dramatically before the onset of viremia
[19,20]. In addition, CSFV infection can suppress the func-
tion of T-lymphocytes isolated from CSFV-infected pigs
[21,22]. CSFV exhibits an especially high affinity for pha-
gocytes of the macrophage and monocyte lineage (reti-
culo-endothelial cells), mostly in the vascular endothelium
[23,24]. Infection of these cells in the endothelium leads
to an increase in vascular permeability, lymphopenia,
thrombocytopenia, coagulation disorders, and atrophy of
the thymus and bone marrow [25-27]. During the later
stages of CSFV infection, peripheral monocytes, lym-
phocytes, and granulocytes can also carry viral antigens
[28,29]. Further studies have revealed that CSFV
induces apoptosis in lymphocytes and in neutrophil-
lineage cells of the bone marrow [30-33].
Studies of the interactions between hosts and specific

viruses are critical for understanding pathogenic mechan-
isms and the immune response to infection. CSFV shows a
predilection for cells of the immune system and may alter
transcription of immune response genes. The global tran-
scriptional profiles of peripheral blood mononuclear cells
during CSFV infection have shown that cellular genes
present a low level of up- and down-regulation in vivo [34].
In order to gain more insight into the mechanisms of how
CSFV affects host genes associated with immune response,
we have investigated in vitro the activity of cellular genes in
response to CSFV infection using the real-time RT-PCR.

Results
Real-time PCR determination of replication of CSFV
genomic RNA in infected cells
To characterize the replication of CSFV, PK-15 cells were
infected with the Shimen strain of CSFV, and then
collected at 8, 12, 24, 36 and 48 h post-inoculation (hpi).
The resulting CSFV-specific RNA loads in PK-15 cells at
different times are shown in Figure 1. Infection with
CSFV at an MOI of 0.1 resulted in 103.55±0.09, 103.749±0.16,
104.28±0.28, and 105.00±0.11 copies/μg RNA at 12, 24, 36, and
48 hpi, respectively. The corresponding numbers for an
MOI of 1.0 are 103.66±0.14, 104.12±0.13, 104.86±0.12, and
106.10±0.09 copies/μg RNA at 12, 24, 36, and 48 hpi, re-
spectively, thus demonstrating a significant dependence
of CSFV replication in PK-15 cells on MOI, especially at
the later time points. CSFV genomic RNA was not
detected in PK-15 cell cultures at 1 and 3 hpi or in mock-
infected PK-15 cells at any time point. Thus these differ-
ences were due only to the different MOI input, because
total RNA extracted from all of the CSFV-infected PK-15
cells and mock-infected PK-15 cells was intact; characteris-
tic bands of the 28s, 18s, and 5s RNA were observed
(Figure 1b), and CSFV-infected and mock-infected PK-15
cells had similar expression of glyceraldehyde 3-phosphate
dehydrogenase(GAPDH) (Figure 1a).

CSFV infection down-regulates many host immune
response genes
Transcriptional levels of immune response genes were
identified in PK-15 cells based on (i) detection of mRNA
levels coding for the CSFV E2 protein and CSFV gen-
omic RNA, and (ii) identification of three characteristic
bands of 28s, 18s, and 5s RNA from the total RNA
extracted from CSFV-infected cells, as well as mock-
infected cells, and the regular expression of the house-
keeping gene GAPDH.
Tests were performed to investigate whether there

was any correlation between infection of PK-15 cells
with CSFV and changes in the mRNA expression of
host immune genes associated with the MHC antigen
presentation pathway, such as MHC class I swine
leukocyte antigen 2 (SLA-2), MHC class II swine
leukocyte antigen DR (SLA-DR) and MHC class II-
associated invariant chain (Ii), co-stimulation molecules
(CD40, CD80, CD86), or host anti-viral Type I IFNs
(IFN-α, IFN-β). mRNA expression measured at various
time points (1, 3, 12, 24, 36 and 48 hpi) by real-time
RT-PCR showed that infection of PK-15 cells with
CSFV at either a MOI of 0.1 or 1.0, resulted in down-
regulation of seven immune response genes, namely
SLA-2, TAP1, SLA-DR, Ii, CD40, CD80, CD86. Not-
ably, some genes were up-regulated at later time
points – TAP1 was slightly upregulated at 24 hpi, and
CD86 at 12 hpi (Figure 2). In the MHC class I antigen
presentation pathway, MHC class I molecules bind to
endogenous peptides, which are then delivered from
the cytosol into the endoplasmic reticulum by the
transporter associated with antigen processing (TAP).
Comparied to mock-infected cells at 3 hpi, MHC class
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Figure 1 Detection of CSFV on the infected PK-15 cells. Figure 1–1 CSFV genomic RNAs present in PK-15 cells at 1, 3, 12, 24, 36, and 48 h
post-inoculation with different MOI of CSFV strain Shimen. Viral genome copy number was assessed by real-time RT-PCR. Figure 1–2 RNA from
PK-15 cells inoculated with the Shimen strain of CSFV. (a) GAPDH gene detection from PK-15 cells inoculated with Shimen strain of CSFV; (b)
Total RNA detection from PK-15 cells inoculated with Shimen strain of CSFV. Lanes 1, 4, 7, 10, 13, and 16 show the mock PK-15 cells cultures at 1,
3, 12, 24, 36, and 48 h post-inoculation with CSFV. Lanes 2, 5, 8, 11, 14, and 17 show PK-15 cells culture inoculated with 0.1 MOI of CSFV at 1, 3,
12, 24, 36, and 48 h. Lanes 3, 6, 9, 12, 15, and 18 show PK-15 cells inoculated with 1.0 MOI of CSFV at 1, 3, 12, 24, 36, and 48 h
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I molecule SLA-2 was down-regulated during CSFV
infection by 2.27-fold with a MOI of 0.1 and 2.78-fold
with a MOI of 1.0 in infected PK-15 cells as early as 1
hpi. This downregulation was then slightly reduced to
1.52-fold with a MOI of 0.1 and 1.73-fold with a MOI
of 1.0. TAP1 was expressed at low levels during CSFV
infection except at 24 hpi, when it exhibited a slight
increase by 1.96-fold with a MOI of 0.1, and 1.36-fold
with a MOI of 1.0. Expression of anti-viral genes, IFN-
α and IFN-β, remained unchanged during CSFV infec-
tion. In contrast, expression of both Type I IFNs was
increased in PK-15 cells infected with an optimal dose
of Newcastle disease virus, or transfected with poly I:C
(data not shown), which served as positive controls for
induction of a normal host anti-viral Type I IFN re-
sponse. This result indicates that CSFV suppressed the
up-regulation of the anti-viral Type I IFNs in PK-15
cells.
Overall, these results show that CSFV can induce tran-
scriptional inhibition of important immune response
genes. Functional molecules associated with exogenous
antigen processing and presentation, such as MHC class
II molecule SLA-DR and Ii, were transcribed at low
levels during CSFV infection. SLA-DR and Ii genes were
decreased notably as early as 1 h and remained at low
levels until 48 h after CSFV-infection of both 0.1 and 1.0
MOI. Moreover, the lowest value of SLA-DR showed a
50-fold decrease at 12 hpi with infection of 1.0 MOI.,
whilst the values of SLA-DR displayed about 10-fold de-
cline at 12 and 24 hpi with infection of 0.1 MOI as well
as at 24 hpi with 1.0 MOI (Figure 3).

Protein expression of SLA-DR and CD40 during CSFV
infection
To determine the accuracy of the transcriptional data
obtained by real-time RT-PCR, Western blot analysis
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Figure 2 mRNA changes in immune response genes following CSFV infection in PK-15 cells. Transcription changes (a to g) of SLA-2, TAP1,
Ii, CD80, CD86, IFN-α and IFN-β genes in PK-15 cells following CSFV infection with either a MOI of 0.1 or 1.0 at different time points of 1, 3, 12, 24,
36 and 48 hpi
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was performed to detect expression of SLA-DR and
CD40 in PK-15 cells infected with CSFV. It was found
that SLA-DR expression was partially inhibited at 3 hpi
and inhibited completely from 12–36 hpi. Expression of
SLA-DR was detectible but very low at 48 hpi, whereas
the E1/E2 glycoprotein of CSFV began to emerge at 12
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Figure 3 Comparison of deferentially expressed SLA-DR by
real-time PCR and Western blot analysis. (a) mRNA changes of
SLA-DR gene in PK-15 cells following CSFV infection at 1, 3, 12, 24,
36, and 48 hpi. (Note: Bars above columns represent standard
deviations. * represents the significant difference (p<0.001) in
comparison with the control by t-test). (b) Detection of changes in
protein expression by western blot with specific antibodies against
SLA-DR, β-tubulin, and CSFV glycoprotein E2 in PK-15 cells following
CSFV infection at 1, 3, 12, 24, 36, and 48 hpi. The dimer of E1 and E2
(E1/E2) was detected with specific antibody against CSFV
glycoprotein E2. (c) The quantification of changes in protein
expression by the former western blot. The relative expression levels
of SLA-DR were compared with that of β-tubulin. (Note: Bars above
columns represent standard deviations. * represents the significant
difference (p<0.001) in comparison with the control by t-test)
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Figure 4 Comparison of deferentially expressed CD40 using
real-time PCR and Western blot. (a) mRNA changes of CD40 gene
in PK-15 cells following CSFV infection at 1, 3, 12, 24, 36, and 48 hpi.
(Note: Bars above columns represent standard deviations.
* represents the significant difference (p<0.001) in comparison with
the control by t-test). (b) Detection of changes in protein expression
by western blot with specific antibodies against CD40, β-tubulin,
and CSFV glycoprotein E2 in PK-15 cells following CSFV infection at
1, 3, 12, 24, 36, and 48 hpi. The dimer of E1 and E2 (E1/E2) was
detected with specific antibody against CSFV glycoprotein E2.
(c) The quantification of changes in protein expression by the
former western blot. The relative expression levels of CD40 were
compared with that of β-tubulin. (Note: Bars above columns
represent standard deviations. * represents the significant difference
(p<0.001) in comparison with the control by t-test)
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hpi. Transcription of SLA-DR in PK-15 cells infected
with CSFV was largely consistent with protein levels
(Figure 3).
Relative to mock cells, the mRNA level of CD40 was

inhibited in PK-15 cells infected with 0.1 or 1.0 MOI of
CSFV at 1 hpi and with 0.1 MOI of CSFV at 3 h, but it
was increased 2.5- or 2.3-fold, respectively at 12 hpi with
0.1 or 1.0 MOI of CSFV. Then the mRNA levels of
CD40 were down-regulated at the last two time points
of 36 or 48 hpi. Expression of CD40 protein in PK-15
cells infected with CSFV determined by Western blot
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analysis was basically consistent with corresponding
changes in mRNA levels (Figure 4a, 4b).
Discussion
Although the immune system plays a crucial role in the
response to viral infection, viruses have evolved a num-
ber of strategies to interfere with host innate and adap-
tive immune functions. CSFV causes a range of acute
and chronic diseases in pigs through both viral virulence
and host factors [35]; the myeloid cell population, in-
cluding monocytes, macrophages, and dendritic cells,
are the early target cells of infection. CSFV has devel-
oped a mechanism to prevent the antiviral response, en-
abling the virus to use these migrating cells as
transporters for delivery to different sites within the
host, and the immunocytes and somatocytes are simul-
taneously damaged during CSFV infection.
We have used real-time RT-PCR to detect transcrip-

tional changes of eleven genes, including the housekeep-
ing genes GAPDH and 50-UTR, of the CSFV genome in
PK-15 cells in vitro. The primer sets and reaction condi-
tions, including annealing temperature, Tm, and plate-
reading temperature, were optimized for each gene
(Table 1). These primer sets were optimally designed be-
cause they resulted in a single product, distinguished by
the production of a single melt-curve peak at all concen-
trations, and the production of a standard curve with an
acceptable R2 (>0.99) (Additional file 1: Figure S1). Real-
time RT-PCR results were reproducible for each gene,
and this improved method for detecting reliable gene
mRNA messages has solved the common problem pla-
guing PCR of non-predicted amplification products.
Several previous studies have found that CSFV can

evade the immune system and establish chronic infection
[17,26,32]. More recently, global transcriptional profiles
have been determined through microarray analysis in
PBMC during CSFV infection in vivo [34]. These prelim-
inary studies showed that certain immune response genes,
SLA-2 (MHC class I), TAP1, SLA-DR (MHC class II), Ii,
CD40, CD80, and CD86, were down-regulated in vivo,
which correlates well with our in vitro data.
Recently, several studies have reported genomic ex-

pression profiles of macrophages, peripheral blood leu-
kocytes, and peripheral blood mononuclear cells of pigs
infected with a highly virulent strain of CSFV [34,36,37].
Graham et al. have characterized the cytokine response
of peripheral blood cells of pigs following vaccination or
infection with CSFV [38]. These published data showed
transcriptional profiles similar to those in our study
using peripheral blood cells during CSFV infection, and
most of the immune response genes involved in CSFV
infection in vivo. The in vitro gene expression patterns
of these genes, as determined by real-time RT-PCR, was
relatively consistent with that observed in macrophages
and PBMCs in vivo during CSFV infection [34-36].
In the present study, transcription of nine immune re-

sponse genes were analyzed. Interestingly, we observed
that the mRNA levels of SLA-2, SLA-DR, and Ii genes
changed during the early stages of CSFV infection, even
before the CSFV RNA was synthesized (Figure 1). This
indicates that the down-regulation of these genes could
be due to interaction between CSFV and receptors on
PK-15 cells that activate downstream pathways. It will be
interesting in the future to investigate and identify which
receptors are bound and activated by CSFV. We also
showed that the mRNA levels of TAP1 and CD80 at 12
h and CD86 at 24 h decreased significantly at these later
time points after CSFV infection with 0.1 and 1.0 MOI;
CSFV began to transcript and to translate in PK-15 cells
at 12 hpi, thus demonstrating that down-regulation of
these particular genes may be related to CSFV replica-
tion. Collectively, these data suggest that CSFV infection
is involved in inhibiting host immune response gene ex-
pression in vitro, both during entry into the cell as well
as during replication. Furthermore, we have confirmed
the accuracy of the transcriptional data obtained by real-
time RT-PCR by showing that transcription of both
SLA-DR and CD40 were consistent with protein levels
measured by Western blot analysis of CSFV-infected
PK-15 cells (Figures 3 and 4).
Finally, this study indicates that CSFV is involved in

inhibiting expression of immune response genes, such as
the MHC class II molecule SLA-DR, which function in
antigen presentation. The mechanism by which CSFV
interferes with MHC and how this helps the virus evade
the host immune system is currently unclear. To further
address and understand this mechanism, research into the
regulation between CSFV and SLA-DR is in progress.
Conclusion
In brief, this study has demonstrated that in vitro infec-
tion with classical swine fever virus inhibits the tran-
scription of host immune response genes. These findings
may facilitate the development of effective strategies for
controlling CSF in China, and elsewhere in the World.
Materials and methods
Cells and virus
Porcine kidney (PK-15) cells, free of contaminating bo-
vine viral diarrhea virus (BVDV), were used in this study.
The cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Hyclone) with 10% heat-inactivated
(56°C, 30 min) fetal calf serum (FCS) (Hyclone) and
maintained at 37°C in a humidified environment con-
taining 5% CO2 throughout the experiment. Seventy-two



Table 1 Primers used for real-time RT-PCR

Gene GenBank
accession No

Function Primer sequence (50 ! 30 ) Anneal Temp (°C) Tm (°C) Plate-reading Temp (°C) Fragment (bp)

SLA-2 (swine
leukocyte antigen 2)

AF464005 Presents peptides of
endogenous proteins to CD8+

cytotoxic T cells and
stimulates cellular immune
response.

cgcacagactttccgagtg (F) 60 85.9 83 110 (287–396)

gtctggtcccaagtagcag (R)

TAP1 (transporter
associated with
antigen processing
1)

DQ227989 Transports efficient peptides
into the ER for binding to
MHC class I molecules.

ccgaacaccaatgtacctcc (F) 60 86.8 84 235 (743–977)

tccacctggcagtcatagac (R)

SLA-DR (swine
leukocyte antigen)

DQ883222 Presents peptides of
exogenous proteins
to CD4+ helper T cells
and regulates humoral
response.

gtgtgcgacggaatctataac (F) 60 86.8 83 258 (332–589)

gagcatgagccctaagagac (R)

Ii (invariant chain) AB116558 Promotes proper folding
and assembly of class II α/β
heterodimers, facilitates
intracellular transport of
class II molecules, and
segregates MHC class II
exogenous antigen
presentation pathway
from the MHC class I
antigen presentation
pathway.

gcaacgccaccaagtacgg (F) 60 86.6 84 185 (332–516)

aagagccactgacgcagcc (R)

CD40 AF248545 Supplies a second
antigen-independent
signal (costimulation).
Activates and regulates
T cell immunity.

tcaagcagatggcgacagag (F) 60 85.6 82 198 (392–589)

caccagggctctcatccga (R)

CD80 AB026121 Supplies a second
antigen-independent
signal (costimulation).
Activates and regulates
T cell immunity.

agcgggagagagggtcttat (F) 60 83.0 79 123 (344–436)

aagggcagtaatactaggcac (R)

CD86 L76099 Supplies a second
antigen-independent
signal (costimulation).
Activates and regulates
T cell immunity.

gttcctatccaccagatgagt (F) 60 81.6 78 257 (343–599)

gaagagacaccctgattgatac(R)

IFN-α M28623 Exerts potent antitumor,
anti-viral, and immunomodulatory
activities.

tgggagatcgtcagggcag (F) 60 83.9 81 155 (603–757)

tgacatggcagaacaggagg (R)

IFN-β EF104599 ggacagttgcctgggactc (F) 60 82.1 79 128 (127–254)
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Table 1 Primers used for real-time RT-PCR (Continued)

Exerts potent antitumor,
anti-viral, and
immunomodulatory activities.

tggagcatctcgtggataatc (R)

GAPDH
(glyceraldehde-3-phosphate
dehydrogenase)

AF017079 Housekeeping gene used as
an internal control in
quantitative real-time
PCR assays.

tggtgaaggtcggagtgaac (F) 60 86.4 83 225 (343–567)

ggaagatggtgatgggatttc (R)

50-UTR of CSFV genome AF531433 Regulates translation of
the viral genomes.

gccatgcccatagtaggact (F) 60 86.5 83 116 (97–212)

gcttctgctcacgtcgaact (R)

Notes: F, forward; R, reverse.
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hours after culturing, the medium was replaced with
fresh maintenance medium containing 1% FCS.
The highly virulent Shimen CSFV strain derived from

China in 1945 was used in this study. A batch of virus stock
(stored at −80°C) was propagated in PK-15 cell cultures.
Viral infectivity was detected by an indirect immunofluor-
escence assay (IFA) using monoclonal antibody (LOM01,
Jeno Biotch Inc.) against CSFV glycoprotein E2. CSFV titers
were calculated using the method described by Reed and
Muench.

RNA extraction, cDNA synthesis and sequencing
Total RNA was extracted from samples using Trizol re-
agent (Invitrogen, Carlsbad, CA, U.S.) according to the
manufacturer’s instructions and then digested with
DNase I at 37°C for 15 min to remove contaminating
DNA. The dried RNA pellets were resuspended in 50 μL
of diethyl-pyrocarbonate-treated water. The concentra-
tion and purity of the total RNA were determined
spectrophotometrically and by electrophoresis, respect-
ively. The total RNA was used immediately, or stored at
−80°C until being used for cDNA synthesis. First-strand
cDNA was synthesized using Oligo dT18 primers and
Superscript II reverse transcriptase (Invitrogen) accord-
ing to the manufacturer’s protocol. Synthesized cDNA
was stored at −80°C until use. The RT-PCR products of
target genes were T/A cloned into pMD18-T vector
(TaKaRa, Dalian, China) and then sequenced.

Cloning and sequencing of target genes and confirmation
of primer specificity
Total RNA was extracted from samples using the TRI-
ZOL reagent and used as the template for first-strand
cDNA synthesis using M-MLV reverse transcriptase with
oligo dT18 primer. PCR was conducted using specific
primers for amplification of the target genes. RT-PCR
products were T/A cloned into pMD18-T vector and
then sequenced. GenBank BLAST search revealed that
the resulting nucleotide sequences of the target genes
were identical to those published.
By using fluorescence detection, real-time RT-PCR

offers continuous monitoring of the PCR reaction
cycle-by-cycle. Detection in this assay is based on the
binding of the fluorescence dye SYBR Green I, which
binds all double-stranded DNA molecules. Because
this process is sequence-independent, the characteristic
melting temperature (Tm) of the target is determined by
performing a melting curve analysis on the PCR products
to ascertain the formation of primer-dimers and non-
specific products, which compete with the formation of
specific PCR products. The PCR reactions were con-
firmed by both melting curve and gel analyses. In
addition, melting curve analysis demonstrated that each
of the primer pairs (Table 1) amplified a single, major
product with a distinct Tm (Additional file 1: Figure S1).
No primer-dimers were generated in 40 cycles of real-
time RT-PCR amplification.

Quantitative real-time RT-PCR using SYBR Green I
The amplification dynamic curves, standard curves for
each immune response gene, 50-UTR of CSFV genome
and GAPDH, were obtained using standard plasmids en-
coding the PCR products. The quantitative nature of the
assay is demonstrated by the linear relationship between
the log of the template copy number and the Ct value; a
range with a correlation value (R) >0.99 is described.
Melting curve analysis revealed that PCR amplified a
single desired product. GAPDH was used as a house-
keeping gene to correct for the amounts of total unde-
graded RNA in all samples. Expression of GAPDH was
examined using real-time RT-PCR. Results showed that
GAPDH mRNA levels did not vary between mock- and
CSFV-infected cells, and the Ct parameter of GAPDH
was found to vary between 12.24 and 12.95 (data not
shown). The amplification efficiency of CSFV-specific
cDNA was evaluated by comparing the standard curves.
The standard curve for cDNA of the 50-UTR of the
CSFV genome was y= −3.295x+5.068, with a correlation
coefficient r2=0.998, and standard curve showed a 7-log
dynamic range of amplification. The high correlation co-
efficient and large dynamic range indicate that the amp-
lification efficiency is reproducible and therefore could
be used to quantify CSFV-specific RNA in PK-15 cell
cultures (Additional file 1: Figure S1).
Primer Premier software (PREMIER Biosoft International,

U.S.) was used to design specific primers for several immune
response genes (including SLA-2, TAP1, SLA-DR, Ii, CD40,
CD80, CD86, IFN-α, and IFN-β), 50-UTR of CSFV, and the
housekeeping gene GAPDH based on known swine
sequences (Table 1). Real-time RT-PCR was performed on
the MJ Opticon II real-time PCR system (MJ Research, Inc)
or the iCycler iQ real-time PCR detection system (Bio-Rad).
Reactions were performed in a 25 μL reaction mixture con-
taining 12.5 μL of 2× SYBR Green I PCR Master Mix (Tian-
gen Biotech, Beijing, China), 10 μL of either diluted cDNA
or plasmid standard, 0.2 μL of each primer (25 pmol/μL),
and 2.3 μL of ddH2O. The thermal cycling conditions
included an initial heat-denaturing step at 94°C for 3 min, 40
cycles at 94°C for 20 s, 60°C for 20 s, and 68°C for 20 s, fol-
lowed by a final extension step at 68°C for 5 min. A melting
curve analysis was performed to assess primer specificity and
product quality by denaturation at 95°C, annealing at 65°C,
and melting at a rate of 0.1°C/sec to 95°C.

Construction of the standard curve for the target genes
To determine the copy number of the target transcript,
the cloned plasmid DNA for the target gene was used to
generate a standard curve. Plasmids contained the cDNA
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inserts encoding the respective PCR products in a
pMD18-T vector. The cloned plasmid DNA was diluted
consecutively 10-fold at a range of 102–109 copies.

Determination of target gene mRNA level by real-time
RT-PCR
Determination of target gene mRNA level was similar to
the standard curve. Each cDNA from the sample was
run in triplicate and the mean value was calculated. The
threshold cycle (Ct) values were averaged from each re-
action. GAPDH was used as a reference to normalize
mRNA levels.

Detection of protein expression by Western blot
For Western blot analysis, specific antibodies were used:
anti-His monoclonal antibodies (AB102-01) were pur-
chased from Beijing TianGen Co. Ltd; specific SLA-DR
monoclonal antibodies (MA1-19146) were purchased
from Affinity BioReagents™ Co. Ltd; anti-CD40 monoclo-
nal antibodies (ab13545) were purchased from Hong
Kong Abcam Ltd; the monoclonal antibody for β-
tubulin was purchased from Sigma Co. Ltd; horseradish
peroxidase (HRP)-labeled goat anti-mice IgG (Sigma) or
alkaline phosphatase house anti-mouse IgG (ZSGB-BIO)
was used as the secondary antibody. The mock- and
CSFV-infected PK-15 cells were collected by directly
scraping the cells into the medium, rinsing once with
cold PBS, transferring to a 1.5-ml Eppendorf tube, and
lysing in cell lysate buffer (1% Nonide P-40, 0.5% sodium
deoxycholate, 0.1% SDS, 5 mM EDTA, and protease in-
hibitor mixture). Samples were kept on ice for 1 h and
then treated at 95°C for 5 min. The insoluble material
was pelleted at 12,000 rpm for 5 min and stored at
−80°C until use. Sodium dodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed on 12%
acrylamide gel in the Mini Protein Tetra system (Bio-
Rad). Protein samples were separated by SDS-PAGE and
then electroblotted onto an Immobilon-PR Transfer
(MILLIPORE) membrane using a Semi-Dry Transfer Sys-
tem (Bio-Rad) for 90 min. Non-specific proteins were
blocked by incubating the membrane in TBS containing
0.05% Tween-20 (TBS-T) and 5% skimmed milk at 4°C.
They were washed three times with TBS-T and then
incubated with primary monoclonal antibodies for 90
min at 37°C. The membrane was washed three times
with TBS-T and incubated subsequently with secondary
antibody (alkaline phosphatase-conjugated horse anti-
mouse IgG) for 60 min at room temperature. The spe-
cific protein bands were visualized by using the BCIP/
NBT kit (TianGen Corp. Ltd.).

Statistical analysis
For real-time RT-PCR, the Ct parameter was defined as
the number of fractional cycles at which the fluorescence
passed a fixed threshold above baseline. The Ct was
taken from each reaction and converted to a relative
amount by comparing it to a standard curve made from
a serial dilution of plasmid. The relative amount of each
transcript was normalized to the GAPDH control in the
respective sample to determine the relative expression
level of each particular gene. In order to show a clear
trend in gene expression over the 48-hour time course
of infection, the expression level of each gene of a mock-
infected group at the tested time points was designated
hypothetically as 1× and the change of infected groups
was normalized accordingly.
Statistical analysis of the mRNA levels was performed

using the SPSS11.5 for Windows statistical software
package (SPSS Inc., U.S.). Further analysis was per-
formed for samples producing a significant value
(P<0.05) by one-way analysis of variance (ANOVA). All
data showed a normal distribution and passed equal
variance testing. Differences between means were
assessed by the Tukey’s honestly significant difference
test of post hoc multiple comparisons. Data are
expressed as mean ± SD, and differences are considered
significant at P<0.05.

Additional file

Additional file 1: Figure S1. Real-time RT-PCR for quantification of IFN-
α gene mRNA. The mRNA levels of SLA-2, TAP1, SLA-DR, Ii, CD40, CD80,
CD86, IFN-α, IFN-β, and GAPDH genes in PK-15 cells stimulated by CSFV
were quantified by real-time RT-PCR. The real-time PCR amplification (a)
dynamic curves and (b) standard curves were obtained by plotting
fluorescence data against their cycle number. (c) represents the melting
curves of different genes.
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