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ABSTRACT 

Bovine herpesvirus 1 (BHV-1), a member of the Alphaherpesvirinae, induces apoptotic cell 

death in peripheral blood mononuclear cells (PBMC). To investigate the process by which BHV-1 

induces apoptosis, we determined the susceptibility of the three main PBMC subpopulations to 

BHV-1-induced apoptosis. This study shows that BHV-1 can induce apoptosis individually in T 

lymphocytes, B lymphocytes and monocytes. This conclusion is based on the following findings: 

(i) BHV-1 substantially reduces the percentages of viable T and B lymphocytes in PBMCs. (ii) 

Concomitant detection of cell phenotype and apoptosis indeed showed higher percentages of 

apoptotic T lymphocytes and B lymphocytes in BHV-1-infected PBMCs than in mock-infected 

cells. (iii) Each individual PBMC subpopulations (B lymphocytes, T lymphocytes and monocytes) 

undergo apoptosis when incubated with BHV-1. These data also suggest that BHV-1 does not 

require the recruitment of one or more individual PBMC subpopulations (e.g. cytotoxic cells) to 

induce apoptosis. Finally, we observed that BL-3 cells which have been characterized as bovine 

tumoral B lymphocytes also undergo apoptosis when incubated with BHV-1. Therefore, the use 

of the BL-3 cell line provides a new experimental model to investigate the apoptotic process 

induced by BHV-1 in vitro. 
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Introduction 

Bovine herpesvirus 1 (BHV-1), a member of the Alphaherpesvirinae [20], is the aetiological 

agent of infectious bovine rhinotracheitis, infectious pustular vulvovaginitis, abortion and fatal 

neonatal systemic infections [26]. In addition to initial respiratory infections, BHV-1 can 

predispose infected animals, presumably through immunodepression [2, 8], to secondary 

Pasteurella haemolytica infections leading to severe pneumonia and death [26]. 

In a variety of acute viral infections, there is increasing evidence that immunodepression is 

directly associated with the induction of apoptosis in immune cells [16, 19]. Apoptotic cell death 

is a genetically encoded suicide program which allows for the elimination of cells that have been 

produced in excess, developed improperly, or sustained genetic damage [23]. We have 

previously shown that BHV-1, even when inactivated, is able to induce apoptosis in mitogen-

stimulated peripheral blood mononuclear cells (PBMCs) [11]. Apoptotic cell death is 

characterized morphologically by cell shrinkage, apoptotic body formation, condensation of the 

chromatin [6, 15], and biochemically by fragmentation of DNA into oligonucleosomal DNA 

fragments [1, 25]. Furthermore, the early stages of apoptosis are associated with the 

translocation of phosphatidylserine (PS) from the inner side of the plasma membrane to the 

outer layer [7]. This exposure of PS on the external surface of the cell membrane can be detected 

by the use of annexin V which is a Ca2+-dependent phospholipid-binding protein [18, 24]. 

Since the inactivated BHV-1 viral particles are still able to induce apoptosis in PBMC cultures, it 

has been postulated that the mechanism of induction involves: (i) viral-cellular molecules 

interactions during the attachment or penetration processes, or (ii) the effect of viral structural 

protein(s) released into the cell [11]. However, it is still unknown whether BHV-1-induced 

apoptosis occurs as a consequence of a direct viral particle-cell interaction or requires an 

indirect recruitment of cytotoxic cells [19, 27, 28]. Furthermore, although it has been already 

described that interleukin-2-dependent T lymphocytes incubated with BHV-1 undergo a cell 

death process resembling apoptosis [9], it is currently unknown whether BHV-1-induced 

apoptosis is restricted to one specific PBMC subpopulation or can occur in all the constituent 

subpopulations. Therefore, in order to investigate further the process by which BHV-1 induces 

apoptosis, we determined the susceptibility of the three main PBMC subpopulations to BHV-1- 

induced apoptosis. Here, we demonstrate that BHV-1-induced apoptosis occurs in T 

lymphocytes, B lymphocytes and monocytes. The results of the present study demonstrate that 

BHV-1 does not require the recruitment of one or more individual PBMC subpopulations (e.g. 

cytotoxic cells) to induce apoptosis. These observations also provide important indications to 

the possible mechanism(s) involved in the development of immunodepression which occurs in 

BHV-1-infected cattle. 
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Materials and methods 

VIRUS 

The BHV-1 Cooper strain was kindly provided by Dr. J. T. van Oirschot (Lelystad, The 

Netherlands). The virus was multiplied on Madin Darby Bovine Kidney cells (MDBK) (American 

type culture collection CCL22) and purified as described by Szilágyi and Cunningham [22] with 

some minor modifications [14]. Purified virus was resuspended in RPMI 1640 (Gibco, Gent, 

Belgium) supplemented with 2 mM glutamine (Gibco), 100 IU/ml penicillin and 100 µg/ml 

streptomycin (Gibco) and stored at −70◦C until use. 

MONOCLONAL ANTIBODIES 

The following monoclonal antibodies (mAb) were used: mAb CC42 which recognizes the BoCD2 

antigen present on CD2 T lymphocytes [5]; mAb 1H4 which is specific for bovine cell surface IgM 

present on B lymphocytes [13]; mAb 2G1 which defines bovine monocytes/macrophages and 

polymorphonuclear cells [12]; mAb CC15 which recognizes the WC1 antigen present on bovine -

𝛄𝛅 T lymphocytes [5]. 

CELLS AND CULTURE CONDITIONS 

MDBK cells were cultured in minimum essential medium (Gibco) containing 5% fœtal calf serum 

(FCS) (Gibco). This cell line was maintained free of mycoplasma and of bovine viral diarrhoea 

virus. Bovine lymphoma B cells (BL-3; American type culture collection CRL 8 037) were 

cultured in Optimem medium (Gibco) containing 20% FCS, 100 IU/ml penicillin, 0.5 µM 

amphothericin (Gibco) and 100 µg/ml streptomycin. PBMCs were obtained from 12- to 24-

months-old steers serologically negative to BHV-1 as described elsewhere [11]. The enrichment 

procedure for different cell populations of PBMCs was carried out with paramagnetic beads 

according to manufacturer’s instructions [17]. The selection of B lymphocytes, CD2 T 

lymphocytes, WC1 T lymphocytes and monocytes was performed using mAbs 1H4 (1:2 000 

diluted ascite), CC42 (1:10 000 diluted ascite), CC15 (1:10 000 diluted ascite) and 2G1 (1:2 000 

diluted ascite) respectively (positive selection). We also purified T lymphocytes, B lymphocytes 

and monocytes by selective depletion of PBMC subpopulations (negative selection). MAbs 1H4 

and 2G1 were used to enrich T lymphocytes. MAbs CC42, CC15 and 2G1 were used to enrich B 

lymphocytes and mAbs CC42, CC15 and 1H4 were used to enrich monocytes. Purified cells and 

PBMCs were cultured in RPMI 1 640 medium supplemented with 10% FCS, 5 × 10−5M 2-

mercaptoethanol (Gibco), 2 mM glutamine, 100 IU/ml penicillin and 100 µg/ml streptomycin. 

To induce cellular proliferation, the culture medium was supplemented with 0.5 µM Ionomycin 

(Sigma, Bornem, Belgium) and 10 nM Phorbol 12, 13-dibutyrate (Sigma) (IONO/PDB). Cells 

were cultured at a density of 2 × 106 cells/ml. 

FLOW CYTOMETRY 

Flow cytometric analysis was performed using a Becton-Dickinson fluorescence-activated cell 

sorter (Facstar Plus), equipped with an argon laser (ILT air cooled with 100 mW excitation lines 

https://doi.org/10.1007/s007050050301


Published in : Archives of virology (1998), vol. 143, pp. 441–452 
DOI:10.1007/s007050050301 
 
Status : Postprint (Author’s version)  

 

 

 

at 488 nm). Debris were excluded from the analysis by the conventional scatter gating method. 

The cells or the nuclei doublets were excluded from analysis by using the pulse processor boards 

(Becton-Dickinson). Ten-thousand events per sample were collected in a list mode, stored, and 

analyzed by the Consort 32 system (Becton-Dickinson). 

IMMUNOFLUORESCENT CELL SURFACE STAINING 

After harvesting, PBMCs were washed twice with PBS and incubated for 30 min with the 

appropriate predetermined dilution of primary mAb (1H4, CC42, CC15, or 2G1). The cells were 

washed twice with PBS containing 5% FCS, and further incubated with FITC-conjugated F(ab’)2 

goat anti-mouse IgG (H+L chains) (Dako, Gentbrugge, Belgium) for 30 min. After an additional 

wash with PBS containing 5% FCS, the cells were resuspended in PBS containing5 µ,g/ml 

propidium iodide (PI; Sigma) and analyzed by flow cytometry for green (FITC) and red (PI) 

fluorescences. 

FITC-ANNEXIN V/PHENOTYPE DOUBLE STAINING 

Cellular phenotype was determined by immunofluorescent cell surface staining as described 

above with some minor modifications. Briefly, cells were incubated with the primary mAb (1H4, 

CC42, CC15 or 2G1), washed twice and further incubated with PE-conjugated F(ab’)2 goat anti-

mouse IgG (H+L chains) (Dako). After an additional wash with PBS containing 5% FCS, the cells 

labeled with FITC-Annexin V and PI as described in the Boehringer Mannheim apoptosis 

detection kit (Annexin-V-FLUOS) (Boehringer Mannheim, Mannheim, Germany). Finally, cells 

were analyzed by flow cytometry for green (FITC), orange (PE) and red (PI) fluorescences. Dead 

cells (PI positive cells) were excluded from the analysis. 

DETECTION OF DNA FRAGMENTATION 

Detection of DNA fragmentation was carried out by the TUNEL procedure. Briefly, cells were 

washed with PBS containing 10% FCS and fixed in PBS containing 1% paraformaldehyde. The 

cells were incubated for 15 min at 4◦C, washed, resuspended in 2 ml of ice cold 70% ethanol, 

and incubated overnight at −20◦C. Fixed cells were washed twice with PBS and the TUNEL 

reaction carried out as described in the apoptosis detection kit (in situ cell death detection kit, 

fluorescein; Boehringer Mannheim). Cells were then resuspended in PBS and analyzed by flow 

cytometry for green (FITC) fluorescence. 

ELECTRON MICROSCOPY 

Electron microscopic analysis was carried out as described by Bielefeldt Ohmann and Bloch [3]. 

Briefly, the cultured cells were collected, washed twice in PBS and fixed in PBS containing 2.5% 

glutaraldehyde. The cells were then incubated for 1 h in the presence of 1% osmium tetroxide, 

dehydrated through a graded series of ethanols, infiltrated and embedded in epon. Sections of 

90 nm were collected onto copper grids, double stained with uranyl acetate and lead citrate and 

examined in a ZEISS 910 electron microscope. 
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Results 

EFFECT OF BHV-1 ON THE VIABILITY OF T LYMPHOCYTES, B LYMPHOCYTES, AND 

MONOCYTES 

We firstly investigated the effect of BHV-1 on the viability of CD2 T lymphocytes, WC1 T 

lymphocytes, B lymphocytes, and monocytes. For this assay, PBMCs were mock-infected or 

infected with BHV-1 (MOI of 10 PFU per cell) and stimulated with IONO/PDB. Cells were 

harvested at 12, 24 and 36 h processed for immunofluorescent cell surface staining, and 

analyzed by flow cytometry for green (cellular phenotype) and red (dead cells) fluorescences. 

Twelve hours after infection, the percentage of T lymphocytes (CD2 and WC1), B lymphocytes, 

and monocytes were similar between mock- and BHV-1-infected cultures (Fig. 1). Twenty-four 

and 36 h after infection, BHV-1-infected cultures had decreased percentages of T and B 

lymphocytes (Fig. 1). Indeed, at 36 h after infection, the percentages of CD2 T lymphocytes, WC1 

T lymphocytes and B lymphocytes detected in BHV-1-infected and mock-infected PBMCs were 

9.5%, 10.2%, 5.3% and 24.9%, 23.7%, 12%, respectively (Fig. 1). Most probably due to 

adherence, the 3% of monocytes detected were too few to make any conclusions (Fig. 1). We 

next determined whether the reduction in the percentage of T and B lymphocytes by BHV-1 is 

due to induction of apoptotic cell death. 

The use of FITC-annexin V to label PS allows the detection of early apoptotic cells and is 

compatible with the concomitant detection of the cell phenotype [24]. To investigate the ability 

of BHV-1 to trigger apoptosis in the different PBMC subpopulations, IONO/PDB-stimulated 

PBMCs were mock-infected or infected with BHV-1 and incubated for 24 h. After harvesting, 

cells were further processed for FITC-annexin V/phenotype double staining as described here 

previously. Flow cytometric analysis showed that the percentage of PS expressing cells were 

higher in BHV-1-infected cultures than in mock-infected cultures. In addition, the percentage of 

PS expressing T lymphocytes (CD2 and WC1) and B lymphocytes observed in BHV-1 infected 

PBMCs were higher than in mock-infected cells (Fig. 2). This indicates therefore that, 24 h after 

infection, BHV-1-infected PBMCs contains early apoptotic T and B lymphocytes. 

One or more specific PBMC subpopulation could be required by BHV-1 for the induction of 

apoptosis in T and B lymphocytes. Therefore, we investigated the effect of BHV-1 on purified 

PBMC subpopulations. 
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Figure 1. 

 

Légende de la figure. Percentages of viable CD2 T lymphocytes (A), WC1 T lymphocytes (B), B 

lymphocytes (C), and monocytes (D) in IONO/PDB-stimulated PBMCs mock-infected or infected 

with BHV-1 (MOI of 10), and incubated for 12, 24 or 36 h. Each reported value represents the 

average ± S.D. for triplicate cultures 

EFFECT OF BHV-1 ON PURIFIED PBMC SUBPOPULATIONS 

The levels of purity of enriched PBMC subpopulations as assessed by cell surface 

immunofluorescence were always greater than 80% for negative selection and 90% for positive 

selection. Purified cells were stimulated with IONO/PDB, mock-infected or infected with BHV-1, 

and incubated for 36 h. The cells were further processed for quantitative analysis of apoptosis 

by in situ detection of DNA fragmentation. Flow cytometric analysis showed that the 

percentages of apoptotic cells in positively purified T lymphocytes (CD2 and WC1) and B 
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lymphocytes were significantly higher in BHV-1-infected cultures than in mock-infected cultures 

(Fig. 3). In positively purified monocytes, the percentage of apoptotic cells was also increased by 

BHV-1 despite the high background observed in mock- infected cells (Fig. 3). The results 

obtained with negatively purified T lymphocytes, B lymphocytes and monocytes (Fig. 4) were 

similar to those obtained with positively selected subpopulations (Fig. 3). This indicated that the 

procedure used to purify the PBMC subpopulations did not influence the ability of BHV-1 to 

induce apoptosis. 

Since negatively or positively selected B lymphocytes are susceptible to BHV- 1-induced 

apoptosis (Fig. 3 and 4), we also investigated whether BHV-1 could trigger apoptosis in BL-3 

cells. These are bovine cells which have been characterized as tumoral B lymphocytes [21]. For 

this purpose, BL-3 cells were mock- infected or infected with BHV-1 and incubated for 0, 24 and 

48 h. The cells were processed for detection of apoptosis by in situ detection of DNA 

fragmentation. At 24 and 48 h post-infection, BL-3 cells incubated with BHV-1 yielded 15.6% 

and 52.1% respectively of apoptotic cells. At the same times mock-infected cells yielded 4% and 

7% respectively. We also determined, under electron microscopy, the morphological 

characteristics of mock- and BHV-1-infected BL-3 cells. After 48 h of incubation with BHV-1, a 

significant proportion of BL-3 cells had membranes-bound apoptotic bodies and distinctive 

condensation of the chromatin in one or several dark masses (Fig. 5B). These results 

demonstrated that BHV-1 is also able to induce apoptosis in BL-3 cells. 

We finally investigated whether MDBK cells are susceptible to BHV-1- induced apoptosis. For 

this assay, mock- or BHV-1-infected MDBK cells were incubated with BHV-1 (M.O.I. of 10) for 24 

h (until extensive cytopathogen effect occurred). After being harvested, cells were processed for 

in situ detection of DNA fragmentation and analyzed by flow cytometry. The percentages of cells 

positive for DNA fragmentation in mock- and BHV-1-infected MDBK cultures were respectively 

0.5% and 1%. All together, these results suggest that MDBK cells are less susceptible to BHV-1-

induced apoptosis than BL-3 cells and PBMCs.  
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Figure 3. : Percentages of apoptotic cells in positively purified PBMC subpopulations stimulated with 

IONO/PDB, mock-infected or infected with BHV-1 (MOI of 10), and incubated for 36 h. Each reported 

value represents the average ± S.D. for triplicate cultures 

 

Figure 4. : Percentages of apoptotic cells in negatively purified PBMC subpopulations stimulated with 

IONO/PDB, mock-infected or infected with BHV-1 (MOI of 10), and incubated for 36 h. Each reported 

value represents the average ± S.D. for triplicate cultures 
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Figure 5. 

 

Légende de la figure. Electron micrographs of BL-3 cells mock-infected (A) or infected with BHV-

1 (B) (MOI of 10), and incubated for 48 h 

Discussion 

We have previously shown that BHV-1 is able to induce apoptosis in mitogen-stimulated PBMCs 

[11]. To characterize further the process by which BHV-1 induces apoptosis, we determined the 

susceptibility of the three main PBMC subpopulations to BHV-1-induced apoptosis. This study 

shows that BHV-1 can induce apoptosis individually in T lymphocytes, B lymphocytes and 

monocytes. This conclusion is based on the following findings: (i) BHV-1 substantially reduces 

the percentages of viable T and B lymphocytes in PBMCs (Fig. 1). (ii) Concomitant detection of 

cell phenotype and apoptosis indeed showed higher percentages of apoptotic T lymphocytes 

(CD2 and WC1) and B lymphocytes in BHV-1-infected PBMCs than in mock-infected cells (Fig. 

2). (iii) Each individual PBMC subpopulations (B lymphocytes, T lymphocytes and monocytes) 

are susceptible to BHV-1-induced apoptosis (Figs. 3 and 4). 

The ability of BHV-1 to induce apoptosis in each individual PBMC subpopulations provides 

important indications about the process by which BHV-1 activates the apoptotic pathway. It has 

been reported that apoptosis can occur as a consequence of direct virus-cell interactions or/and 

through indirect recruitment of cytotoxic cells [19, 27, 28]. The observation that purified B 

lymphocytes undergo apoptosis when incubated with BHV-1 indicate that the recruitment of 

cytotoxic cells like monocytes, T lymphocytes, or natural killer lymphocytes is most likely not 

required for BHV-1-induced apoptosis. This is confirmed by the induction of apoptosis by BHV-1 

in BL-3 cells (Fig. 5) which have been characterized as bovine tumoral B lymphocytes [21]. 

Induction of apoptosis in PBMCs by BHV-1 could also occur as a consequence of the production 

of specific cytokines like tumor necrosis factor-𝛂 (TNF-𝛂), a well known apoptosis inducer [27]. 

It has been already described that bovine alveolar macrophages infected with BHV-1 are 

induced to produce TNF-𝛂 [4]. However, our results indicate that BHV- 1 can still induce 

apoptosis in monocytes/macrophages-depleted cell cultures (purified T and B lymphocytes). 

Therefore, the production of specific cytokines by monocytes/macrophages is most probably not 
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necessary for BHV-1 to induce apoptosis in PBMCs. The observation that BL-3 cells and PBMC 

subpopulations undergo apoptosis when incubated with BHV-1 implies that the apoptotic 

pathway activated by BHV-1 must be common and functional among these different cell types. In 

addition, we observed that MDBK cells (non-leukocyte cells) are less susceptible to BHV-1-

induced apoptosis than PBMCs and BL-3 cells. This indicates that the apoptotic process induced 

by BHV-1 is dependent on the cell phenotype. All together, the results presented in this study 

could facilitate the choice of the direction to be taken for further investigations into the 

mechanism by which BHV-1 induces apoptosis. Furthermore, the use of the BL-3 cell line 

provides a new experimental model to investigate the apoptotic process induced by BHV-1 in 

vitro. 

The ability of BHV-1 to induce apoptosis in T lymphocytes, B lymphocytes and monocytes which 

are essentially involved in immune responses could also have important implications in vivo [19, 

28]. Indeed, our results suggest that BHV- 1 could affect cellular cytotoxicity, cytokine and 

antibody production in addition to its inhibitory effect on the lymphocyte proliferative response. 

Furthermore, we previously demonstrated that BHV-1 can induce apoptosis in non-stimulated 

as well as proliferating mononuclear cells [10]. Therefore, a wide range of immune cells could 

undergo BHV-1-induced apoptosis in vivo. This could severely affect the immune response 

against BHV-1 and play an important role in the development of the increased susceptibility of 

BHV-1-infected cattle to secondary bacterial infection with Pasteurella haemolytica. 
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