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Abstract : Classical swine fever (CSF) is a highly contagious disease among swine that has an important economic
impact on worldwide. One clinical symptom of CSF is leukopenia, in particular lymphopenia, which is a characteristic
event that occurs early in the course of CSF. Though lymphopenia associated with apoptosis, the pathogenic mechanism
underlying the lymphopenia has not been well studied. To understand these mechanisms, we investigated the response
of porcine B cell lines to infection with SW03, virulent strain isolated from swine tissue in Korea. This study
demonstrated that SW03-infected L35 cell were induced apoptosis through the detection of activated caspase-3. In
addition, SW03 infection leaded to alterations in pro-apoptotic, Bax, and anti-apoptotic, Bcl-xL proteins of Bcl-2 family.
Our results would suggest that SW03-infected L35 cells induced apoptosis via intrinsic mitochondrial pathway.
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Introduction

Classical swine fever virus (CSFV) belongs to the Pestivi-

rus genus of the Flaviviridae family, along with bovine viral

diarrhea virus (BVDV)-1, BVDV-2, and border disease virus.

These viruses are closely related structurally, genetically, and

antigenically. However, CSFV only infects swine and is

highly contagious and often fatal to swine of all ages. It is

characterized by pyrexia and severe leukopenia, as well as

anorexia and diarrhea, in acute phase [9, 23]. Leukopenia

could lead to immunosuppression and is a hallmark of cer-

tain virus infection, such as classical swine fever virus,

Aujeszky’s disease virus (ADV), foot-and-mouth disease

virus (FMDV), avian influenza virus (AIV), canine distem-

per virus (CDV), African swine fever virus (ASFV), BVDV,

human immunodeficiency virus (HIV), and measles virus

[10-12, 16-18, 21, 23, 25]. The CSFV is known to have a

particular affinity for cells of the immune system. All leuko-

cyte population can be depleted during CSF, but B lympho-

cytes are particular sensitive [23]. Despite this knowledge,

mechanism of B lymphocyte death has not been elucidated.

Apoptosis is a highly regulated mechanism of pro-

grammed cell death that plays important biological roles in

the development and homeostasis of cell populations. It also

constitutes a basic antiviral mechanism that limits viral repli-

cation and spread by inducing the suicide of infected cells.

Apoptotic cells are rapidly phagocytosed, which leads to the

presentation of viral antigens and the subsequent induction of

an efficient immune response [9, 15, 17]. It can be induced

via two well-known pathways. The one is the intrinsic path-

way involves an alteration of the mitochondrial membrane

potential. The other is the extrinsic pathway is characterized

by interaction of ligands with death receptors [7]. In this

study, we aimed to analyze mechanism behind this CSFV-

induced lymphopenia. This study investigate whether SW03

strain [2], virulent CSFV strain isolated from CSFV-infected

porcine in 2003, infected in porcine peripheral blood lym-

phocyte cell line, L35, if so which the cellular mechanism of

SW03-infected L35 cell is used. Understanding the signal

pathways elicited by SW03 infection will contribute valu-

able information about the pathogenesis of CSFV.

Materials and Methods

Cells, viruses, and antibodies

The L35 cell line that is derived from porcine peripheral B

cell line [1] was maintained in RPMI1640 supplemented with

10% fetal bovine serum (FBS), glutamate, 1x antibiotics, and

2-mercaptomethanol at 37oC in an atmosphere containing 5%

CO2. The SW03 strain is virulent CSFV strain isolated from

CSFV-infected pigs in Korea [2].

Cell viability

To investigate the differences in the cellular response to

infection with virulent strain, porcine L35 cells infected with

CSFV at MOI of 0.7 and plated in 96-well flat-bottom tissue

*Corresponding author

Tel: +82-31-463-4568, Fax: +82-31-463-4565

E-mail: hyunbh@korea.kr



260 Seon-Mi Kim, Seong-In Lim, Jae-Young Song, Bang-Hun Hyun

culture plates. After cells were incubated for 24, 48, 72, and

96 h at 37oC in an atmosphere containing 5% CO2, asepti-

cally added alamarBlue solution (DAL1100; Biosource,

USA) in an amount equal to 10% of the culture volume and

the cultures were incubated for an additional 18 h at 37oC.

Absorbance was measured at 570 and 600 nm using the

microplate reader (Tecan, Switzerland). This system incorpo-

rates an oxidation-reduction (redox) indicator that both fluo-

resces and changes color in response to a chemical reduction

of the growth medium resulting from cell growth. We used

this system to calculate the percent difference in reduction

between infected and control cells in cytotoxicity assays.

CSFV infection in L35 cells 

In order to investigate whether virulent CSFV strain

infected in B cell line, L35 cells infected with CSFV at MOI

of 0.35. After 72 h post infection of SW03, cells were

attached the slide glass. And then cells were washed with

phosphate-buffered saline (PBS), and fixed with 4% paraformal-

dehyde for 15min at room temperature, and air dry. The slide

glass was incubated with CSFV E2 (gp55) monoclonal anti-

body LOM1 (JBT, Korea) for 2 h at 37oC. After being

washed, the slide was incubated with anti-mouse-FITC for

1 h at room temperature. The slides were washed and

observed stained L35 cells using fluorescence microscope.

Western blot analysis

For western blot analysis, L35 cells in 25-cm2 flasks

infected with SW03 at MOI 0.35. CSFV-infected cells were

incubated at 37oC in an atmosphere containing 5% CO2 for

24, 48, 72, and 96 h. Harvested cells were lysed with RIPA

buffer (100 mM Tris-HCl (pH 7.6), 5 mM EDTA, 50 mM

NaCl, 0.5% NP-40, and 0.5% Na deoxycholate containing a

protease inhibitor cocktail solution). Total lysates were pre-

pared and analyzed for expression of apoptosis-related pro-

teins. Five microgram of the total lysates were loaded onto

an SDS-PAGE gel and blotted on to nitrocellulose mem-

branes. The membrane was blocked for 1 h at room tempera-

ture in 2% blocking buffer (RPN2135; GE Healthcare, UK)

and then incubated with antibodies against Bcl-xL (#2764;

Cell Signaling Technology, USA), Bax (625102; Biolegend,

USA), caspase 3 (#9662, Cell Signaling Technology), cyto-

chrome c (556433; BD transduction laboratories, USA) and

anti-β actin (DB070; DeltaBiolab, USA) according to the

manufacturer’s instructions. Each membrane was washed

with 0.1% TTBS and incubated with the secondary antibody,

which was then developed via the chemiluminescence method

following the manufacturer’s protocol (RPN2135, ECL

Advance Western Blotting Detection Kit; GE Healthcare).

Results

SW03 infection leads to the cytotoxicity of L35 cells in

a time-dependent manner

To determine whether or not cytotoxicity was induced by

SW03 infection, L35 cells were cultured in both the absence

and presence of CSFV for 24, 48, 72, and 96 h. Cell viabil-

ity was assessed by alamarBlue assay in each time point. The

viability of SW03-infected L35 cells denotes the decrease in

a time-dependent manner, as shown in Fig. 1A. In order to

investigate whether CSFV infection induced in B cell line,

we infected with CSFV in L35 cells. After 3 days infection,

these cells incubated with CSFV E2 (gp55) monoclonal anti-

body LOM1 (JBT, Korea). We detected E2 in CSFV-infected

each cell line through fluorescence Fig. 1B.

Expression of apoptotic proteins, caspase-3 in SW03-

infected L35 cells

Through the cell viability test, we investigated cell death

during SW03 infection. To identify the type of SW03-

induced cell death, we examined the alteration in the levels

of several apoptosis-related proteins by western blot analy-

sis. An important regulatory step in apoptotic processes is the

activation of caspases. Therefore, we investigated the activa-

tion of the caspase-3. In our experiment, we used a caspase-3

antibody that detected the endogenous levels of full length

caspase-3 (35 kDa) as well as the large fragment of caspase-3

Fig. 1. Effects of cytotoxicity due to SW03 infection in porcine

peripheral cell line, L35. (A) SW03-induced viability of L35

cells. We performed cell viability test using alamarBlue assay,

described in the methods section. The graph shown represents

an n = 3 per experiment. (B) The CSFV antigen E2 was

detected in SW03-infected L35 cells by immunofluorescence

assay (IFA). After infection with SW03, cells were fixed and

incubated with the CSFV E2 (gp55) monoclonal antibody.
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(17 kDa) that results from its cleavage. We observed acti-

vated caspase-3 form after 72 h post-infection in SW03-

infected L35 cells (Fig. 2). Our results indicated that infec-

tion of CSFV led to induction of apoptosis via the caspases-

dependent pathway on B cell line.

Expression of apoptotic proteins, Bcl-2 family and

release of cytochrome c in CSFV-infected L35 cells

To demonstrate the relation to which apoptotic pathway

may be induced after CSFV infection in L35 cells, we exam-

ined the change of Bcl-2 family proteins expression level.

SW03-infected L35 cells were harvested 24, 48, 72, and 96 h

after infection and subjected to western blot using anti-Bax,

anti-Bcl-xL, anti-cytochrome c antibodies. Bcl-xL protein, an

anti-apoptotic protein, levels keep increase in SW03-infected

L35 cells compared to mock-infected cells. Bax protein, pro-

apoptotic protein, levels increased in a time-dependently.

And we observed the release of cytochrome c from mito-

chondria into the cytosol using anti-cytochrome c directed

against cytosolic cytochrome c (Fig. 3). Our studies present

that CSFV infection cause an alteration in Bcl-2 family pro-

tein and release of cytochrome c. In addition, these results

suggest that CSFV-induced apoptosis mediated via the intrin-

sic pathway.

Discussion

The reduction in leukocyte numbers, lymphocyte activa-

tion and function following virulent CSFV infection are

impaired decreasing antibody production and host defences

[13, 22]. During CSFV infection, all leukocytes have been

depleted, B lymphocytes of them are particularly susceptible

[8, 22-24, 26]. We observed induction of leukopenia for 5 to

18 day after infection of SW03 in pigs and we investigated

that even if avirulent vaccine strain infected, leukopenia

induced for 4 to 6 day (data not shown). We ascertained that

L35 cell line infected with SW03 strain through immunoflu-

orescence assay and identified that SW03-infected L35 cells

decreased viability. So we confirmed type of cell death

caused by SW03 strain infection through the activation of

caspases; an important regulatory factor in apoptotic process

[3, 4, 9, 15]. It has been known that caspase-3 is one of the

key executioners of apoptosis. So we detected an active form

of caspase-3 in SW03-infected L35 cell line by western blot

analysis. This result correspond with reports that the tran-

scriptional responses of caspases-3 to CSFV infection were

increased by about 4-fold [22] and the destruction of leuko-

cytes following CSFV infection is largely associated with

apoptosis in thymus, spleen, lymph nodes and bone marrow

[19, 20, 23]. Consequently, our data suggest that the mecha-

nism underlying the induction of lymphopenia following

CSFV infection have related to apoptosis.

Following the signal pathway influenced by CSFV, we

investigated change of Bcl-2 family protein related with apo-

ptosis. The main function of Bcl-2 proteins is to regulate

cytochrome c release. Cytochrome c is released from mito-

chondria into cytosol in response to death signals and released

cytochrome c activated caspase cascade. This is intrinsic apo-

ptotic pathway, which is induced by a various apoptotic stim-

uli signals that cause an imbalance of the Bcl-2 family

proteins, such as Bcl-2, Bcl-xL, Bax, and Bid in mitochon-

dria. [9, 14, 15, 22]. Several viruses have been reported to

mediate apoptosis through the intrinsic apoptotic pathway [5,

6]. However, CSFV-induced apoptotic pathway has not been

clear. Therefore we identified change of Bax and Bcl-xL

expression levels and the release of cytochrome c from mito-

chondria into the cytosol in SW03-infected L35 cells. These

results are consistent with those of previous studies that

involve a number of other viruses [5, 6].

In conclusion, our results suggest that CSFV infection

could induce apoptosis through mitochondrial-mediated path-

way in porcine peripheral blood B cell line.
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