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Abstract

activity of NF-kB after CSFV infection in vivo and in vitro.

IkBa expression was measured by Western Blotting.
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Background: Classical swine fever virus (CSFV) is the cause of CSF which is a severe disease of pigs, leading to
heavy economic losses in many regions of the world. Nuclear factor-kappa B (NF-kB) is a critical regulator of innate
and adaptive immunity, and commonly activated upon viral infection. In our previous study, we found that CSFV
could suppress the maturation and modulate the functions of monocyte-derived dendritic cells (Mo-DCs) without
activating NF-kB pathway. To further prove the effects of CSFV on the NF-kB signaling pathway, we investigated the

Methods: Attenuated Thiverval strain and virulent wild-type GXW-07 strain were used as challenge viruses in this
study. Porcine kidney 15 (PK-15) cells were cultured in vitro and peripheral blood mononuclear cells (PBMCs) were
isolated from the blood of CSFV-infected pigs. DNA binding of NF-kB was measured by electrophoretic mobility
shift assays (EMSA), NF-kB p65 translocation was detected using immunofluorescent staining, and p65/RelA and

Results: Infection of cells with CSFV in vitro and in vivo showed that compared with tumor necrosis factor alpha
(TNF-0) stimulated cells, there was no distinct DNA binding band of NF-«B, and no significant translocation of p65/
RelA from the cytoplasm to the nucleus was observed, which might have been due to the apparent lack of IkBa

Conclusions: CSFV infection had no effect on the NF-kB signaling pathway, indicating that CSFV could evade host

Background

CSFV, together with Bovine viral diarrhoea virus
(BVDV) and sheep Border disease virus (BDV), belongs
to the genus Pestivirus, the family Flaviviridae [1]. CSFV
is known to have high affinity to cells of the immune
system, which seems to relate to its detrimental effects
on the immune and hematopoietic systems [2]. Further-
more, CSFV can efficiently evade and compromise the
host immune system, causing a severe disease of pigs
characterized by fever, hemorrhage, thrombocytopenia,
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lymphoid organ atrophy and severe lymphopenia, par-
ticularly in B cells, due to the apoptosis of uninfected
lymphocytes [3,4]. The lymphopenia can result in im-
munosuppression and serves as a hallmark of CSFV
infections. Pestiviruses such as CSFV and BVDV can
also cross the placenta to infect the developing fetus,
resulting in the birth of persistently infected animals
[5,6]. Recently, studies have found that CSFV evolves
mechanisms for the inhibition of inflammation and type
I interferon (IFN) production in infected cells, prevent-
ing double-stranded RNA-mediated apoptosis and giving
rise to long-term infections [7,8]. Although a large num-
ber of works have been done, the mechanism of the
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CSFV infection in vivo and in vitro has not been fully
elucidated.

Viruses have evolved sophisticated control mechan-
isms to redirect the cellular signal transduction pathway
to its own advantage, and NF-kB pathway is a common
target of many viruses [9]. The NF-«xB pathway is recog-
nized to be the central mediator of immune responses in
mammals [10], because several proteins encoded by tar-
get genes of NF-«kB participate in the activation of im-
mune and inflammatory responses. Therefore, NF-«B
activation during viral infection has been interpreted as
a protective response of the host to the viral pathogen
[11]. Interestingly, certain viruses can utilize the activa-
tion of NF-«B as a strategy to increase viral replication
and viral progeny production [12]. Whereas other
reports indicate that some viruses inhibit the NF-«xB
pathway [13-18]. The suppression of NF-kB activation
represents a potential strategy of viral escape from the
host immune system and contributes to virus pathogen-
esis in infected cells.

NF-«B is also a host nuclear transcription factor, acti-
vated by multiple stimuli including inflammatory cyto-
kines, growth factors, bacterial and viral infections, and
plays an important role in inflammation, innate immune
responses, regulation of cell proliferation and survival
[11,19,20]. In non-stimulated cells, NF-kB is sequestered
as a cytoplasmic complex, whose predominant form is a
heterodimer consisting of p50 and p65 (RelA) subunits,
bound to inhibitory IkB proteins [21,22]. Stimulation of
cells by diverse agents causes phosphorylation of IkB
and its degradation by the proteosome subsequently
[23]. Liberated NF-kB is transported into the nucleus
where it induces the transcription of target genes, in-
cluding IkBa acting as the major feedback inhibitor of
the NF-«B pathway [24].

In the present study, we investigated NF-«kB activity
in vivo and in vitro in order to elucidate how CSFV car-
ried out its infection in the host. The results demon-
strate that CSFV does not activate the NF-«B signaling
pathway which may represent a mechanism of CSFV-
induced immunomodulation.

Results

DNA binding activity of NF-kB by EMSA analysis

In order to analyze whether CSFV interferes with NF-«xB
activity, EMSA was performed using the nuclear extracts
of PK-15 cells and PBMCs. PK-15 cells cultured in vitro
were mock treated, TNF-a (10ng/mL) stimulated, and
infected with either Thiverval or GXW-07 strain for 48
h. PBMCs collected from the blood of pigs injected with
1 ml physiological saline, Thiverval or GXW-07 strain at
1,4, 7 d after treatment, respectively. As shown in Figure 1,
there was a distinct DNA binding band of NF-kB in TNF-a
stimulated cells compared to mock-treated cells that
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Figure 1 Analysis of DNA binding activity of NF-kB in
CSFV-infected PK-15 cells using electrophoretic mobility shift
assays (EMSA). Cells were mock treated, and TNF-a (10ng/mL)
stimulated, or infected with either Thiverval or GXW-07 at an MOI
of 1 at 48 h p.i. in PK-15 cells. Nuclear extracts were prepared and
subjected to EMSA with a Digoxin labeled NF-kB probe. Anti-p65
rabbit polyclonal antibody was used in supershift assay. A 100-fold
molar excess of unlabeled NF-kB probe (unlabeled competitor) was
added to analyze the specific bands. The experiment was repeated
three times and the figure shows a representative experiment.

J

functioned as a negative control. In contrast, neither
Thiverval infected cells nor GXW-07 infected cells
showed any NF-kB DNA binding activity. A supershift
band was observed in TNF-a plus anti-p65 polyclonal
antibody treated cells, suggesting the p65 subunit was
present in the NF-kB complex. In addition, the shifted
band of TNF-a stimulated cells was abolished if cells were
treated with 100-fold excess of unlabeled competitor.
Results in Figure 2 also revealed that CSFV did not induce
DNA binding activity of NF-«kB in PBMCs.

NF-kB p65 translocation in CSF- infected PK-15 cells using
immunofluorescent staining

We investigated the NF-«B activation in CSFV-infected
PK-15 cells to examine the cellular localization of p65/
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Figure 2 DNA binding activity of NF-kB in CSFV-infected
PBMCs. Cells treated with Mock, LPS (10ng/mL), Thiverval or
GXW-07 at an MOI of 1 were obtained from pigs at 1, 4 and 7d,
respectively. Nuclear extracts were prepared and subjected to EMSA
with a Digoxin labeled NF-kB probe. Anti-p65 rabbit polyclonal
antibody was used in supershift assay. A 100-fold molar excess of
unlabeled NF-kB probe (unlabeled competitor) was added to
analyze the specific bands. The experiment was repeated three

times and the figure shows a representative experiment.
- J

RelA using a polyclonal anti-p65 antibody. Results are
shown in Figure 3. As expected, p65/RelA was predom-
inantly localized in the cytoplasm of mock-treated cells
(Figure 3A, column 1). Furthermore, in CSFV-infected
cells (Figure 3A, column 2, 3), p65/RelA also remained
predominantly in the cytoplasm, although a few cells
occasionally showed nuclear localization, indicating
that NF-kB remained inactive. Meanwhile, cellular co-
localization of IkBa and p65/RelA was detected using con-
focal microscopy. In contrast, the translocation of p65/
RelA in the nucleus was detected in TNF-a stimulated
cells at 6h post-stimulation (h.p.s) and p65/RelA further
emerged from 12 to 48 h.p.s (Figure 3A, column 4). As
shown in Figure 3B, the IkBa protein was also observed
predominantly in cytoplasm. The co-localization of IkBa
protein with the p65 protein in the cytoplasm was indi-
cated by yellow color in merged images. Additionally, the
observation of nuclear staining with DAPI in CSFV-
infected cells showed that p65/RelA was specifically
located in cytoplasm (Figure 3C). The results above indi-
cated that infection with CSFV did not generate an effect-
ive signal for NF-kB nuclear translocation.
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p65/RelA and IkBa expression measured by

western blotting

Western Blotting was performed to detect the expres-
sion of p65/RelA and IkBa. The results are shown in
Figures 4, 5 and 6. Compared to the control (Figure 4A,
top panel), no significant change appeared in p65/RelA
expression in CSFV-infected PK-15 cells (Figure 4B and
C, top panel) at different periods of time after infection,
suggesting that CSFV did not alter the expression of
p65/RelA. There was also no significant change in the
level of p65/RelA in TNF-a-stimulated cells (Figure 4D,
top panel). Contrary to p65/RelA, cells treated with
TNF-a showed a significant reduction of IkBa expres-
sion in a time-dependent manner (Figure 4D, middle
panel) compared to that of a basal amount of IkBa in
the mock-infected cells (Figure 4A, middle panel), sug-
gesting that degradation of IkBa had occurred. Although
TNF-a induced IkBa degradation at 1h p.s, CSFV failed
to degrade IkBa at the time points from 1 to 48 h p.i (v 4B
and C, middle panel). The activation of NF-kB is a rapid
event that occurs within minutes after stimulation. In
order to further confirm the observation in Figure 4,
the expression of p65/RelA and IkBa in CSFV-infected
cells within 1 hour was also detected. As shown in
Figure 5A-D, an accordant appearance was obtained. In
addition, the level of B-actin did not alter in all conditions
(Figure 5 and 6, low panel), indicating no significant differ-
ence among the samples. The results in PK-15 cells were
also obtained in PBMCs isolated from the blood of pigs at
1, 4 or 7 d after CSFV injection (Figure 6A-D). Our results
indicated that the CSFV infection could not activate
NF-kB in PK-15 cells and PBMCs because of the failure
of IkBa degradation.

Discussion

The interactions between virus and host may lead to ac-
tivation or inhibition of NF-xB pathway, resulting in ei-
ther antiviral responses or enhanced viral replication
and virulence [25]. In this report, we investigated the
effects of CSFV infection on NF-kB activity in the host
using in vitro and in vivo cell models. Our findings sug-
gest that CSFV infection is incapable of activating NEF-
KB pathway, as demonstrated by the failure in inducing
DNA binding activity of NF-kB, and in causing the
translocation of p65/RelA from cytoplasm to the nucleus
or the degradation of inhibitor IkBa.

NE-«B plays a crucial role in the process of viral infec-
tion [18]. Many viruses activate NF-kB to use it as a
transcriptional factor to express viral genes [26]. For ex-
ample, NF-kB activation appears to be necessary for fully
efficient HSV replication and the transcription of viral
genes which have NF-kB response elements in their pro-
moters [12,27,28]. NF-kB, however, is potentially danger-
ous to virus. The activation of NF-kB during viral
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Figure 3 Effect of CSFV infection on NF-kB translocation in
PK-15 cells. A: Indirect immunofluorescence analysis was used to
measure cellular localization of p65/RelA subunit of NF-kB in
CSFV-infected PK-15 cells. Cells were mock treated (column 1), and
TNF-a (10ng/mL) stimulated (column 4), or infected with Thiverval
(column 2) and GXW-07 (column 3) at an MOI of 1. At different
periods of time p.i, cells were fixed and the localization of p65/RelA
(red) was observed by fluorescence microscope using
immunofluorescence staining with anti-NF-kB/p65 and QDs-SA
605-conjugated and biotinylated secondary antibodies.

B: Co-localization of p65/RelA (red) and IkBa (green) was observed
by confocal microscopy. C: Nuclei were stained with DAPI.

Bar, 10um. The experiment was repeated three times and

the figure shows a representative experiment.

infection has been considered to be a protective re-
sponse of the host to the viral pathogens [11,29]. Thus,
viruses must subtly control the timing and duration of
NF-kB activation to ensure its usefulness as a transcrip-
tion factor while restricting its antiviral effects [30]. In
contrast, some viruses have evolved strategies to block
NF-kB activation in order to evade the innate immune
response. Human cytomegalovirus encodes a hIL-10
homolog to inhibit the NF-kB transcriptional activity
[15]. African swine fever virus encodes an IkBa homolog
to inhibit the NF-kB pathway by acting as a dominant-
negative IkBa protein [17]; Foot-and-mouth disease
virus encodes L protein to disrupt the integrity of NF-kB
[16]; Torque teno virus ORF2 protein can suppress
NF-«xB activity in a dose-dependent manner [18] and
Varicella-zoster virus can inhibit the NF-«B pathway
by sequestering p50 and p65 in the cytoplasm of
infected cells [14]. However, these authors provide no
evidence in in vivo model. Our results both in vivo
and in vitro show that CSFV has no ability to activate
NE-kB, revealing the important ability of CSFV to evade
the host immune response and to maintain the life cycle
of the virus so as to establish persistent infection, which
are consistent to the reports of other researchers [5,6].
Additionally, we find that wild-type or attenuated CSFV
strain used in this study shows no difference in activat-
ing the NF-«B signaling pathway in PK-15 cells and
PBMCs, indicating CSFV with different virulence exerts
its influence on NF-kB activity in the same way after it
infects the cells.

Viral infection blocks NF-«B activity through various
mechanisms [11]. Our study in vitro and in vivo further
demonstrates that the potential mechanism of inability
of NF-«B directly depends on the stabilization of IkBa
levels. IxkBa binds to nuclear localization signal motifs in
p50 and p65 to inhibit their nuclear translocation, and
the stabilization of IkBa in CSFV-infected cells accounts
for the cytoplasmic sequestration of p65/RelA [31]. In
most cases, inhibitor IkB irreversibly binds to viral pro-
teins or interferes with IkB degradation, resulting in the
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Figure 4 p65/RelA and IkBa expression in CSFV-infected PK-15 cells within 48 h. A: PK-15 cells were mock treated. B: PK-15 cells were
infected with CSFV Thiverval strain at an MOI of 1. C: PK-15 cells were infected with CSFV GXW-07 strain at an MOI of 1. D: PK-15 cells were TNF-a
(10ng/mL) stimulated. In four treatments, extracts of circa 20 pg total cells were prepared and subjected to Western Blot analysis with antibodies
specific to p65/RelA and IkBa within 48 h p.i. Anti-B-actin served as an internal control. The experiment was repeated three times and the figure
shows a representative experiment.

inhibition of p65/RelA nuclear translocation [11]. Inte-
restingly, a recent research has described that the NP*
product of CSFV had the ability to interact with IxBa
and exhibited transient accumulation of pIkBa [6]. Simi-
larly, Gil et al. (2006) reported that the infection of non-
cytopathic BVDV (ncp BVDV) together with CSFV
could block NF-xB activation. NP** of BVDV was also
involved in NF-«B inhibition, but the NP*® activity was
not essential for NF-kB inhibition [32]. The detailed mo-
lecular mechanisms and viral components underlying the
suppression of NF-kB activation remain to be elucidated.

The ability of CSFV to avoid activating NF-xB to
optimize its replication or to control host cell prolifera-
tion and survival, the understanding of the molecular
mechanisms utilized by the pathogen to interfere with
the NF-kB pathway, may enable us to exploit NF-«B as a
new weapon against viral diseases. Similar result was
described by Santoro et al. (2003) [11].

Conclusions
In conclusion, we identify that CSFV infection cannot
activate the NF-kB signaling pathway in vitro and
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Figure 5 Western Blot analysis of p65/RelA and IkBa in CSFV-infected PK-15 cells within 1 h. A: PK-15 cells were mock treated. B: PK-15
cells were infected with CSFV Thiverval strain at an MOI of 1. C: PK-15 cells were infected with CSFV GXW-07 strain at an MOI of 1. D: PK-15 cells
were TNF-a (10ng/mL) stimulated. At 1, 5, 15, 30 min p.i, extracts of circa 20 g total cell were prepared and subjected to Western Blot analysis
with antibodies specific to p65/RelA and IkBa. Anti-B-actin served as an internal control. The experiment was repeated three times and the figure
shows a representative experiment.
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Figure 6 Effect of CSFV on p65/RelA and IkBa expression in
PBMCs. A: p65/RelA and IkBa expression was measured by Western
Blot analysis at 1 d p.i. in mock-treated cells, Thiverval or GXW-07-
infected PBMCs. B: p65/RelA and IkBa expression was measured by
Western Blot analysis at 4 d p.i. in mock-treated cells, Thiverval or
GXW-07-infected PBMCs. C: p65/RelA and IkBa expression was
measured by Western Blotting analysis at 7 d p.. in mock-treated
cells, Thiverval or GXW-07-infected PBMCs. Anti-B-actin served as an
internal control. The experiment was repeated three times and the
figure shows a representative experiment.

in vivo. This mechanism might be utilized by the virus
to escape immune rejection and allow the spread of in-
fection. Therefore, understanding the role of NF-«B fol-
lowing CSEV infection would contribute important
information about the molecular pathogenesis of CSFV
infection.

Methods

CSFV preparation

CSFV GXW-07 strain (wild-type strain) and attenuated
Thiverval strain were used in this study. The virulent
wild-type CSFV GXW-07 strain was originally isolated
from a lymphoid tissue sample of a pig with naturally
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occurring CSF and propagated in PK-15 cells, and its se-
quence had been analyzed and submitted to GeneBank
(No. HQ380231.1). Attenuated Thiverval strain was
obtained from the virulent CSFV Alfort strain which was
sub-cultured at 29-30°C in PK-15 cells for 170 genera-
tions. Virus titres were determined and calculated as
described previously [33].

Cell culture

PK-15 cells used for viral infection were preserved and
propagated in our laboratory (Laboratory of Microbiol-
ogy and Immunology, College of Veterinary, South
China Agricultural University). The cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% (v/v) fetal calf serum (FCS), 100
U of penicillin/mL and 100 U of streptomycin/ml at 37°C
in a humidified 5% CO, incubator and seeded one day
prior to viral infection. Then PK-15 cell monolayer was
mock treated, or infected with either CSFV Thiverval
strain or GXW-07 strain at multiplicity of infection
(MOI) of 1. As a positive control, PK-15 cells were trea-
ted with 10 ng/ml TNF-a (R&D Systems).

PBMC isolation after CSFV infection

CSFV RNA and CSFV antibody were measured respect-
ively using RT-PCR and antibody assay kit in 50-day-old
Landrace pigs to choose negative pigs. Then three nega-
tive pigs in each group were intramuscularly injected
with 1 ml CSFV Thiverval strain or GXW-07 strain
(10°TCID50/ ml), and pigs intramuscularly injected with
1 ml physiological saline were used as a negative control.
At 1, 4 and 7d p.i., 10 ml blood from each pig was col-
lected in sodium heparin-CPT tubes and diluted with an
equal volume of phosphate buffered saline (PBS). Then
5 ml diluent was carefully loaded into tubes containing
5 ml lydroxypropylmethyl cellulose and centrifuged at
1500 rpm for 20 minutes at room temperature. The
buffy coat layer was transferred to a 15 ml RNAse-free
tube, diluted with an equal volume of PBS, and centri-
fuged at 1500 rpm for 20 minutes at room temperature.
The supernatant was discarded and PBMCs were diluted
with 9 ml red cell lysate, and centrifuged at 1000 rpm
for 10 minutes at room temperature after ice bath for
2-3 min. The supernatant was discarded and PBMCs
were diluted with PBS for three times. PBMCs were
retained and used to detect NF-kB activity.

The in vivo experiment was carried out according to
the recommendations in the Guide for the Care and Use
of Laboratory Animals of the National Institutes of
Health. The protocol was approved by Medical Experi-
mental Animal Center of Guangdong Province (Permit
Number: 12-179). All surgery was performed under so-
dium pentobarbital anesthesia, and all efforts were made
to minimize suffering.
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Electrophoretic mobility shift assays (EMSA)

PK-15 cells mock treated, TNF-a (10ng/mL) stimulated,
or infected with either Thiverval strain or GXW-07
strain were harvested for 48 h, and nuclear protein
extracts were prepared with the nuclear extraction kit
(Pierce, USA). The protein concentration of the cell ex-
tract was measured by the Bradford assay (Pierce, USA).
Activation of p65/IkBa was determined by EMSA
(Roche, USA) according to the manufacturer's manual.
A DIG-labeled double-stranded oligonucleotide contain-
ing a kB binding site (GGGACTTTCC) was used as a
probe in the assay. Anti-p65 rabbit polyclonal antibodies
(Neomarker, USA) were used in supershift assays.
For competition assays, a 100-fold molar excess of un-
labeled oligonucleotide was added. DNA binding activity
of NF-kB in PBMCs obtained from infected pigs was
also determined in the same way mentioned above.

Immunofluorescent staining

Subcellular localization of p65/IkBa was determined by
immunofluorescencent staining. At different time points,
cultured PK-15 cells in four treatments were washed
with PBS, fixed in 80% acetone for 10 min, and permea-
bilized for internal staining with PBS containing 0.1%
Triton X-100 (Sigma, USA) for 30 min. The cells were
then blocked in TBS containing 3% BSA (Sigma, USA)
for 30 min and incubated with rabbit polyclonal anti-
p65 (diluted 1:100; Neomarker, USA) or anti-IkBa
(diluted 1:500; Santa Cruz, USA) antibodies diluted in
1% BSA-TBS at 37°C for 2-3 h. After washed three times
with TBS, the cells were further incubated with either
QDs-SA 605 (excitation wavelength of ultraviolet light
and fluorescent emission 605 nm, red fluorescent) or
QDs-SA 545 (excitation wavelength of ultraviolet light
and fluorescent emission 545nm, green fluorescent)
(Molecular Probes, Jiayuan Quantum Dots, Wubhai,
China)-conjugated and biotinylated secondary antibodies
at a 1:200 dilution in TBS/1% BSA at 37°C for 30 min.
Then cells were stained with DAPI for 10 min
and washed twice in TBST and TBS respectively. The
coverslips were mounted onto microscope slides, and
cells were visualized using a Leica SP2 confocal scanning
laser microscope (Leica) with the appropriate barrier
filters.

Western blot analysis

Cells were lysed in Cell Lysis Buffer (Cell Signaling,
USA) supplemented with 1 mM phenylmethylsulfonyl
fluoride (PMSF) for 30min on ice and clarified by centri-
fugation for total protein extraction. Protein concentra-
tion was quantified as described in EMSA. Circa 20 pg
of proteins was separated by 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to
nitrocellulose (NC) membranes. The membranes were
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blocked in TBST containing 5% powdered milk for 3 h
and incubated overnight with primary antibodies at 4°C.
Blots were washed and probed with secondary antibody
at 37°C for 1 h. The membranes were then developed
with enhanced chemiluminescence substrate (Amersham)
and exposed to X-ray. As a control, the gels were
stripped and re-probed with antibodies against B-actin.
Polyclonal anti-NF-kB/p65 (diluted 1:200; Neomarker,
USA), polyclonal anti-IkBa (diluted 1:1000; Santa Cruz,
USA), polyclonal anti-B-actin (diluted 1:500; Boisynthesia,
China) and HRP-conjugated anti-rabbit secondary
antibody (diluted 1:1000; Santa Cruz, USA) were used in
this study.
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