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SUMMARY

Stimulation of the CD95 (Apo-1/Fas) molecule either by the CD95 ligand or by monoclonal antibodies
induces programmed cell death by apoptosis in a variety of cell lines and primary cells. In this study we
observed that infection of B lymphoblast and T lymphoblast cell lines with vaccinia virus strain WR and
recombinant vaccinia WR constructs, but not strain Copenhagen, rendered cells refractory to CD95-
mediated apoptosis. In particular, vaccinia virus infection suppressed anti-CD95 antibody-induced
membrane disintegration, apoptotic nuclear morphology of cells, and DNA fragmentation. Inhibition of
apoptosis was not mediated by CD95 down-regulation or reduced binding of anti-CD95 antibody to
infected cells, and occurred at a time point when cellular metabolism was not yet affected by the lytic
vaccinia virus infection. Vaccinia virus (WR)-infected cells were resistant to CD95 ligand–CD95-
mediated lysis by CD4+ and CD8+ T lymphocytes. Because cytolysis mediated by CD95 is one of two
major mechanisms used by cytotoxic T lymphocytes to kill target cells, inhibition of CD95-mediated
apoptosis may constitute a novel immune escape mechanism for this virus. Additionally, this
mechanism may contribute to the higher pathogenicity of vaccinia virus strain WR compared with
strain Copenhagen.
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INTRODUCTION

The CD95 (Fas/Apo1) molecule, a member of the tumour necrosis
factor (TNF) receptor family, mediates cell death by apoptosis
[1,2] and is constitutively or inducibly expressed by a variety of
cells. Cross-linking of CD95 by MoAbs causes apoptosis of the cell
reflected by chromatin condensation, nuclear and DNA fragmenta-
tion and blebbing of the cellular membrane which ultimately
results in rupture of the membrane [1]. The ligand of CD95 has
recently been identified and is expressed on the surface of a variety
of cells, including stimulated lymphocytes [3]. It was recently
demonstrated that the CD95 molecule is involved in cytolysis
mediated by T lymphocytes [4,5] and activation-induced cell death
[6]. In addition, it was suggested that CD95-mediated cell killing
may be crucial in regulating the T cell life cycle [7].

Vaccinia virus is a complex double-stranded DNA virus of the
poxvirus family. Although closely related to each other by genetic
restriction and sequence analysis, numerous vaccinia virus strains
exist which exhibit broad heterogeneity in regard to their patho-
genicity in the animal model [8,9]. The genome of vaccinia
contains more than 200 open reading frames and has been
sequenced in its entirety [10]. In addition to genes that are essential
to viral replication, several gene products of vaccinia or related pox

viruses have been identified that may enhance viral resistance
against the host immune response. The mechanisms by which these
viruses evade the immune system may include defective presenta-
tion of antigens by the MHC class I molecules [11] and blockade of
complement activity [12,13]. In addition, pox virus proteins may
interfere with the release and action of anti-inflammatory cytokines
including IL-1 [14–16], interferon [17–19] and TNF-� [20,21].

Because cytolysis mediated by the CD95 molecule constitutes
a major lytic mechanism used by T lymphocytes and may be
involved in cytotoxic cellular immune responses [4,5], the aim of
this study was to investigate the effect of vaccinia virus infection
on CD95-mediated apoptosis in B and T lymphoblasts.

MATERIALS AND METHODS

Vaccinia infection
Epstein–Barr virus (EBV)-transformed B lymphoblasts (B-LCL)
and the T lymphoblast cell lines Jurkat E6-1 [22] and A3.01 [23]
were infected with wild-type vaccinia virus strain WR (Western
Reserve) or Copenhagen, or recombinant vaccinia virus constructs
expressing a truncated HIV-1 IIIB envelope glycoprotein (WR,
vPE17), HIV-1 polymerase (WR, vCF21) or measles virus hae-
magglutinin (Copenhagen, vvH) [24] at a multiplicity of infection
of 1–10 plaque forming units (PFU)/cell and incubated for 12–16 h at
378C. To determine the extent of vaccinia virus expression, a
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polyclonal rabbit anti-vaccinia antiserum (a kind gift of Dr H. Wege,
Federal Research Institute for Viral Diseases of Animals, Insel Riems,
Germany) or the anti-HIV-1 envelope MoAb 902 [25] recognizing the
expression of the recombinant vaccinia virus vPE17, were used for
flow cytometric analyses.

Preparation of CD4+ and CD8+ T lymphocytes
CD4+ and CD8+ T lymphocytes were prepared from peripheral
blood mononuclear cells (PBMC) by positive selection using anti-
CD4 and anti-CD8 immunomagnetic beads (Dynal, Hamburg,
Germany). The cells were stimulatedin vitro with the anti-CD3
MoAb 12F6 at 0.1 �g/ml, 100 U/ml recombinant IL-2 (rIL-2) and
allogeneic feeder cells for 10–14 days. The resulting polyclonal cell
lines contained 90–95% CD4+ or CD8+ T cells, respectively, at the
time of the experiments.

Chromium release assay
Standard chromium release assays were performed as described
previously [26]. Briefly, cells were labelled with 80–100�Ci Na2
51Cr O4 for 60 min. For determination of anti-CD95 MoAb-
mediated lysis, 1� 104 51Cr-labelled cells were incubated for an
additional 3 h with 200 ng/ml of the anti-CD95 MoAb CH-11
(Dianova, Hamburg, Germany). For determination of CD95 ligand-
mediated lysis by T lymphocytes, 1� 104 51Cr-labelled uninfected
and vaccinia-infected B-LCL were incubated for 8 h with CD4+ or
CD8+ effector T lymphocytes in the presence of 10�g/ml con-
canavalin A (Con A) and 1.5 mM EDTA. After incubation, super-
natants were harvested and counted in a gamma counter. Per cent
specific lysis was calculated by the formula: 100� (experimental
release – spontaneous release)/(maximum release – spontaneous
release). Maximum chromium release was determined by lysis of
targets in 1.5% Triton X-100. Spontaneous chromium release was
always < 30%.

Determination of intracellular DNA fragmentation
For agarose gel separation of low molecular weight DNA, 1.5–
2 � 106 cells were incubated for 3 h with 200 ng/ml anti-CD95
MoAb. Cells were pelleted, lysed for 10 min on ice in a 10 mM

Tris/EDTA solution containing 1% Triton X-100. High molecular
weight DNA was pelleted by ultracentrifugation and discarded.
Low molecular weight DNA in the supernatant was obtained after
phenol/chloroform extraction and ethanol precipitation as
described [27]. DNA gel electrophoresis was performed using
1.8% agarose gels. Gels were run in Tris-acetate EDTA buffer.

Fluorescence staining
For flow cytometric analysis 5� 104 cells were incubated for 3 h
with 400 ng/ml anti-CD95 MoAb. After incubation, cells were
washed and stained with a secondary FITC-conjugated goat anti-
mouse MoAb (Dako, Hamburg, Germany). For examination of
apoptotic nuclear morphology, 5� 104 cells were incubated for
5 h with 200 ng/ml anti-CD95 MoAb. Cells were stained by
addition of the nuclear dye H33342 to the culture medium at a
final concentration of 1�g/ml.

MTT assay
Cells (5� 104) were incubated with or without 200 ng/ml
anti-CD95 MoAb for 3 h in the presence of 0.5 mg/ml MTT dye
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
thiazolyl blue; Sigma, Munich, Germany) in 96-well flat-bottomed
plates. After incubation, three quarters of the supernatant were

removed and the same amount of 99% isopropanol/0.1N HCl
added. Absorbance was measured at 550 nmversus630 nm [28].
Relative metabolic activity was calculated as follows: relative
metabolic activity of vaccinia virus-infected cells (%): absorbance
of infected cells/absorbance of uninfected cells� 100; relative
metabolic activity of anti-CD95 MoAb-treated cells (%): absor-
bance of anti-CD95-treated cells/absorbance of untreated
cells� 100.

RESULTS

CD95-mediated cytolysis is inhibited by vaccinia virus strain WR
but not Copenhagen
Activation of the CD95 molecule on the surface of permissive cells
causes death by apoptosis. To examine the effect of vaccinia virus
infection on CD95-mediated apoptotic cell death, EBV-trans-
formed human B-LCL were infected with wild-type and recombi-
nant vaccinia viruses strain WR and Copenhagen and treated with
the anti-CD95 IgM MoAb CH-11. Membrane disintegration repre-
senting cell death was measured by a standard chromium release
assay. Figure 1a demonstrates that a fraction of uninfected B-LCL
was lysed when incubated for 3 h with the anti-CD95 MoAb. In
contrast, infection with both wild-type and recombinant vaccinia
virus strain WR suppressed CD95-mediated cell killing. However,
CD95-mediated cell lysis was unaffected by infection with wild
type and recombinant vaccinia virus strain Copenhagen.

Having demonstrated inhibition of CD95-mediated cytotoxi-
city by vaccinia virus WR using the B cell line 010-035i, additional
B-LCL and Jurkat and A3.01 T cells were infected with wild-type
and recombinant vaccinia viruses WR, and cell death was induced
by addition of the anti-CD95 MoAb. Figure 1b shows that vaccinia
WR infection similarly rescued all cell lines tested from cell death
caused by the apoptosis-inducing MoAb CH-11.

Since vaccinia virus infection of cells may vary depending
upon the cell line and the vaccinia preparation used, it was
important to regularly monitor the extent of vaccinia virus expres-
sion in parallel to the apoptosis experiments. A polyclonal rabbit
anti-vaccinia antiserum was used in the experiments shown in
Fig. 1 to measure the level of vaccinia expression by flow cyto-
metric analysis. Because an HIV-1 envelope-specific MoAb was
available in this laboratory and lysis of cells was inhibited by both
wild-type vaccinia virus WR and recombinant vaccinia WR con-
structs, a recombinant vaccinia virus WR encoding a truncated
HIV-1 envelope glycoprotein (vPE17) under control of an early
promotor was used for most of the experiments presented, and the
extent of infection was regularly monitored by measuring the
expression of HIV envelope glycoprotein on the surface of infected
cells. At least 50%, although in most instances more than 85%, of
the cells expressed the vaccinia construct at the time the cytotoxi-
city experiments were performed.

Suppression of CD95-induced DNA fragmentation
A hallmark of apoptosis is the fragmentation of cellular DNA into
multiples of 180 base pairs. In order to examine DNA fragmenta-
tion in cells treated with the anti-CD95 MoAb, agarose gel
electrophoresis of nuclear DNA was performed. Incubation of
uninfected B-LCL with anti-CD95 MoAb resulted in fragmenta-
tion of cellular DNA, as indicated by the typical DNA ladder. In
contrast, the amount of fragmented DNA obtained from vaccinia
WR-infected cells was markedly reduced (Fig. 2).
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Inhibition of apoptotic nuclear morphology
Apoptotic cells undergo characteristic cellular and nuclear
changes, including membrane blebbing, chromatin condensation
and nuclear fragmentation [1]. The nuclei of untreated and anti-
CD95-treated cells were stained with the dye Hoechst 33342 and
examined by fluorescence microscopy. Nuclei of uninfected cells
treated with anti-CD95 MoAb demonstrated condensed chromatin
and fragmented nuclei. In contrast, no CD95-induced changes of
the nuclear morphology were detected in vaccinia WR-infected
cells (Fig. 3).

Inhibition of apoptosis is not mediated by CD95 down-regulation
or a secreted antibody binding protein
It was previously demonstrated that pox viruses inhibit the activity
of the inflammatory cytokines TNF and IL-1 by secreting cytokine-
binding proteins that interfere with the interaction of the cytokines
with their receptors [14,16,20,21]. To exclude the possibility that
inhibition of apoptosis is mediated by CD95 down-regulation or by
soluble factors secreted by vaccinia virus-infected cells which

interfere with the binding of anti-CD95 MoAb to the CD95
molecule, binding of the antibody to the cells was investigated
by flow cytometric analysis. After 3 h of incubation, the amount of
anti-CD95 MoAb bound to the cells was measured by addition of a
FITC-conjugated anti-mouse IgM antiserum. Figure 4 depicts the
cell size and anti-CD95 MoAb binding to uninfected (b) and
infected treated (d) cells in comparison with untreated cells (a,c).
The reduced forward scatter height of a large fraction of uninfected
cells incubated with anti-CD95 MoAb (Fig. 4b, region 3) reflects
apoptosis of these cells [29]. These cells also have reduced
amounts of antibody bound to their surface, indicating fewer
CD95 molecules on the surface of dying, apoptotic cells. In
contrast, the vaccinia WR-infected cell population incubated
with the anti-CD95 antibody contained only few apoptotic cells
in region 3 (Fig. 4d). The almost identical mean fluorescence
values of viable uninfected and infected cells (Fig. 4b,d region 2)
indicate equal amounts of anti-CD95 MoAb bound to the surface of
each cell population (y mean) and argue against the release of a
soluble anti-CD95 MoAb binding factor or down-regulation of
CD95 expression following vaccinia WR infection.

Suppression of apoptosis at a time point when cellular metabolism
is still unaffected
Infection with vaccinia virus ultimately leads to destruction of the
cellular metabolism and cell death. Since induction of apoptotic
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Fig. 1. Inhibition of CD95-mediated cytolysis by vaccinia virus WR but not
Copenhagen. B and T lymphoblast cell lines were infected with vaccinia
virus for 16 h. Cells were labelled with51Cr and incubated for 3 h with
200 ng/ml anti-CD95 MoAb CH-11.51Cr release into the supernatant was
measured and percentage specific lysis was calculated. Representative
results of three independent experiments are depicted. (a) Uninfected
Epstein–Barr virus-transformed B lymphoblasts (B-LCL) 010-035i (non)
or B-LCL 010-035i infected with wild-type vaccinia virus WR (wtWR),
recombinant vaccinia WR construct vPE17, wild-type Copenhagen (wtCo)
and the recombinant Copenhagen construct vvH were incubated with the
anti-CD95 MoAb CH-11. (b) B-LCL 010-035i, ‘935 and KOC were
infected with the vPE17 vaccinia construct. The T cell lines A3.01 and
Jurkat-E6 were infected with the vaccinia WR construct vCF21. d,
Uninfected;g, infected.

Fig. 2. Suppression of CD95-mediated DNA fragmentation. Epstein–Barr
virus-transformed B lymphoblasts (B-LCL) 010-035i were infected with
the vaccinia virus WR construct vPE17 for 16 h. After incubation of
1.5 � 106 cells with and without 200 ng/ml anti-CD95 MoAb for 3 h,
low molecular weight DNA was prepared and separated by agarose gel
electrophoresis. Lane 1, 100 base pair marker; lane 2, uninfected cells
without anti-CD95 MoAb; lane 3, uninfected cells with anti-CD95 MoAb;
lane 4, infected cells without anti-CD95 MoAb; lane 5, infected cells with
anti-CD95 MoAb.



cell death may require an active cell function in certain instances,
the metabolic activity of infected and uninfected cells was quanti-
fied using the tetrazolium salt MTT [28]. Figure 5a shows the
metabolic activity of vaccinia virus-infected cells in relation to
uninfected cells, and demonstrates that 12–18 h after infection
with vaccinia virus the cellular metabolism decreased due to the
lytic effect of this viral infection. In parallel, infected and unin-
fected cells were incubated for 6, 12 and 18 h post-infection and
for an additional 3 h with and without anti-CD95 MoAb in the
presence of MTT. Figure 5b shows that whereas the metabolic
activity of uninfected MoAb-treated cells was markedly reduced
compared with the activity of untreated cells at all time points
tested, the relative metabolic activity of vaccinia virus-infected
MoAb-treated cells compared with untreated cells increased. At
18 h post-infection the metabolism of infected anti-CD95 MoAb-
treated cells almost reached the activity of untreated cells, indicat-
ing complete inhibition of apoptosis at this time point. Incomplete
inhibition of apoptosis at 6 h and 12 h and complete inhibition at
18 h post-infection probably reflect expression of the relevant
vaccinia virus gene in an increasing fraction of the cell population.

Additional statistical analysis was performed with data obtained
from three independent experiments. The analysis confirmed that
inhibition of CD95-mediated cell death was significant even at
12 h post-infection when cellular metabolism was not yet affected
by vaccinia virus. These data demonstrated that inhibition of the
CD95-mediated cell killing by vaccinia virus WR infection
occurred before damage of the overall cellular metabolism by
vaccinia infection (data not shown).

Vaccinia virus WR confers resistance to CD95-mediated cytolysis
by CD4+ and CD8+ T cells
Incubation of stimulated T lymphocytes with allogeneic target
cells in the presence of Con A results in a non-MHC-restricted
killing of target cells. It has recently been demonstrated that a
portion of this cytolysis is independent of extracellular calcium and
mediated by the CD95/CD95 ligand pathway [30]. Experiments
were thus designed to allow cell lysis only by the second lytic
pathway, CD95. Uninfected and vaccinia virus-infected B lym-
phoblasts were incubated together with stimulated CD4+ and
CD8+ T cells in the presence of Con A and EDTA. As shown in
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Fig. 3. Inhibition of apoptotic nuclear morphology. Epstein–Barr virus-transformed B lymphoblasts (B-LCL) 010-035i were infected with vaccinia virus WR
construct vPE17 for 16 h. Cells were incubated with 200 ng/ml anti-CD95 MoAb for 5 h, stained with the nuclear dye H33342, and analysed by fluorescence
microscopy. (a) Uninfected cells. (b) Uninfected cells after anti-CD95 MoAb treatment. (c) Vaccinia-infected cells. (d) Vaccinia-infected cells treated with
the anti-CD95 MoAb.



Fig. 6, uninfected B cells were readily killed by the T cells, while
vaccinia WR-infected cells escaped cytolysis.

DISCUSSION

This study demonstrates that apoptosis mediated by anti-CD95
MoAb is suppressed in cells infected with vaccinia virus strain WR
and recombinant vaccinia WR constructs, an observation that was
reproducible. Inhibition of apoptosis occurred before a decrease of
the cellular metabolism caused by the lytic vaccinia infection.
Vaccinia-induced suppression of CD95-mediated apoptosis was
not due to down-regulation of the CD95 antigen or to decreased
binding of the anti-CD95 MoAb to the surface of infected cells.

Inhibition of CD95-mediated apoptosis by vaccinia virus has
not been described previously and suppression of other apoptotic
pathways by vaccinia virus, in addition to the effect described here,
has not yet been investigated. However, inhibition of apoptotic
pathways by the closely related cowpox virus has been reported
previously. This virus contains a host range gene, CHOhr, which
prevented virus-induced apoptosis in Chinese hamster ovary cells
[31]. In addition, cowpox virus encodes a gene product, dubbed
crmA, which inhibited apoptosis caused by over-expression of the
murine IL-1�-converting enzyme in rat fibroblasts and prevented
apoptotic cell death after depletion of nerve growth factor in rat
neuron cells [32,33]. In addition, it was recently reported that this
gene also inhibits CD95-mediated apoptosis [34,35]. Interestingly,
vaccinia virus strain WR contains a homologue of the cowpox

crmA gene called B13R or SPI-2 [36], the open reading frame of
which is disrupted and therefore non-functional in vaccinia virus
strain Copenhagen [10]. It remains to be determined whether this
gene may also be involved in the inhibition of CD95-mediated
apoptosis by vaccinia virus WR.

Apoptotic cell death mediated by CD95 and the release of
perforin and granzyme from cytoplasmic vesicles constitute the
two major cytotoxic pathways used by CD4+ and CD8+ T
lymphocytes [4,5]. Although the role of CD95-mediated
cytolysis in the defence against pathogens including pox viruses
has not yet been determined, protection of infected cells from
CD95-mediated lysis by CD4+ and CD8+ T lymphocytes by
vaccinia virus WR may indicate a novel immune escape mechan-
ism for this virus.

Suppression of apoptosis induced by anti-CD95 MoAbs has
been observed in infection with adenovirus and the human T cell
leukaemia virus (HTLV)-I. In adenovirus infection, the E1B
oncogene product suppressed CD95-mediated apoptosis [37] by
binding to a cellular apoptosis-inducing protein called bak [38].
This molecule may also inhibit additional pathways leading to
apoptosis, including TNF-mediated cytotoxicity and apoptosis
induced by cisplatin or the adenovirus E1A protein [39–41].
Similarly, the HTLV-I tax protein inhibited anti-CD95 MoAb-
mediated apoptosis in HTLV-I-infected T lymphocytes [42].
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Fig. 4. Inhibition of CD95-mediated apoptosis is not caused by down-
regulation of CD95 or reduced binding of the antibody to the cells. Vaccinia
(WR) vPE17-infected Epstein–Barr virus-transformed B lymphoblasts (B-
LCL) 010-035i were incubated with and without 200 ng/ml anti-CD95
MoAb for 3 h. Cells were stained with a secondary FITC-conjugated goat
anti-mouse MoAb and analysed by flow cytometric analysis. In this contour
dot plot unstained cells appeared in region 1, stained viable cells in region
2, and stained apoptotic cells in region 3. (a) Uninfected cells without anti-
CD95 MoAb. (b) Uninfected cells incubated with anti-CD95 MoAb. (c)
Infected cells without anti-CD95 MoAb. (d) Infected cells incubated with
anti-CD95 MoAb.

Fig. 5. Inhibition of CD95-mediated apoptosis in relation to the time point
after vaccinia virus infection. Epstein–Barr virus-transformed B lympho-
blasts (B-LCL) 010-035i were infected with vaccinia virus WR construct
vPE17 for 6–18 h. Cells were incubated with and without 200 ng/ml anti-
CD95 MoAb CH-11 for an additional 3 h in the presence of MTT dye as
described in Materials and Methods. (a) Metabolic activity of vaccinia
virus-infected cells in percentage of metabolic activity of uninfected cells.
(b) Metabolic activity of anti-CD95 MoAb-treated vaccinia virus-infected
(l) and uninfected cells (T) in percentage of metabolic activity of
untreated cells.

Fig. 6. Vaccinia virus WR renders infected cells resistant to CD95-
mediated lysis by T lymphocytes. CD4+ (a) and CD8+ (b) T lymphocytes
were incubated for 8 h with51Cr-labelled uninfected (g) and vaccinia WR
(vCV21)-infected (l) Epstein–Barr virus-transformed B lymphoblasts (B-
LCL) at the indicated effector-to-target cell ratios in the presence of 10�g/
ml concanavalin A and 1.5 mM EDTA.



However, this molecule may also be involved in the enhancement
of apoptosis induced by serum deprivation [43].

Apoptosis is an important final effector mechanism to resist
viral infection. Conversely, viruses may have evolved ways to
antagonize apoptotic cell death. It was postulated that inhibition of
apoptosis by viral gene products may prevent death of the host cell
during viral replication either by inhibition of cell suicide induced
by virus infection, or by blocking apoptosis triggered by cells of
the immune system [42,44]. The capacity of vaccinia virus WR,
but not Copenhagen, to inhibit apoptosis may therefore ensure
survival and enhance proliferation of the virus in infected cells and
organisms, and may contribute to the highly more vigorous
pathogenicity of the WR compared with the Copenhagen strain
in the animal model [9].

Finally, recombinant vaccinia virus constructs of both WR and
Copenhagen origin are frequently used to measure the antigen-
specific immune response mediated by cytotoxic T lymphocytes
[45]. The observation that recombinant vaccinia virus WR con-
structs infer resistance to CD95-mediated cytolysis therefore
indicates that the use of these constructs may preclude detection
of cytotoxicity mediated by this molecule.

The characterization of the vaccinia gene product responsible
for the inhibition of apoptosis might give new insight into the yet
unknown pathway of CD95-mediated apoptosis.
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