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Many viruses interfere with apoptosis of infected cells, presumably preventing cellular apoptosis as a direct
response to viral infection. Since cytotoxic T lymphocytes (CTL) induce apoptosis of infected cells as part of
the “lethal hit,” inhibition of apoptosis could represent an effective immune evasion strategy. We report here
herpes simplex virus type 1 (HSV-1) interference with CTL-induced apoptosis of infected cells and show that
HSV-1 inhibits the nuclear manifestations of apoptosis but not the membrane changes. The HL-60 cell line
(human promyelocytic leukemia) undergoes apoptosis in response to many stimuli, including incubation with
ethanol. After HSV-1 infection (strains E115 and 171), ethanol-treated cells did not produce oligonucleosomal
DNA fragments characteristic of apoptosis, as assayed by gel electrophoresis and enzyme-linked immunosor-
bent assay. Inhibition was detected 2 h after infection and increased over time. Importantly, HSV-1-infected
cells were resistant to apoptosis induced by antigen-specific CD41 CTL, despite the fact that CTL recognition
and degranulation in response to infected targets remained intact. Unlike HSV-1, HSV-2 (strains 333 and
HG52) did not inhibit DNA fragmentation. In contrast to the inhibition of DNA fragmentation by HSV-1, none
of the HSV-1 or -2 strains interfered with the ethanol-induced exposure of surface phosphatidylserine char-
acteristic of apoptosis, as determined by annexin V binding. These results demonstrate that genes of HSV-1
inhibit the nuclear manifestations of apoptosis but not the membrane manifestations, suggesting that these
may be mediated via separate pathways. They also suggest that HSV-1 inhibition of CTL-induced apoptosis
may be an important mechanism of immune evasion.

The herpes simplex viruses (HSV) are thought to have
evolved roughly in parallel with the vertebrate immune system
(8, 23), and HSV is well adapted for survival in its host. After
infection with HSV, a reservoir of latent virus is maintained
within the neurons of the dorsal root ganglia. Periodically, the
virus reactivates and infectious virions are released; virus rep-
licates in epithelial cells of mucosal surfaces. Host immune
responses appear to locally control viral replication (30). While
it has long been recognized that patients with impaired T-cell
responses exhibit frequent HSV disease, recent studies have
indicated that HSV reactivation is frequent even in immuno-
competent patients (37). Normal, healthy adults reactivate
HSV type 2 (HSV-2) on an average of 10 to 30% of days;
suggesting that HSV have likely evolved several novel ways to
avoid even normal host defenses. Workers in several labora-
tories, including ours, have described HSV-mediated down-
regulation of major histocompatibility complex (MHC) class I
expression on fibroblasts and keratinocytes (11, 13, 15). Re-
cently, HSV protein ICP47 has been shown to bind to the
TAP-1 protein and prevent the exportation of peptide-laden
MHC class I molecules to the surface of cells (7, 10). While
downregulation of MHC class I would be expected to affect
CD81 cytotoxic T lymphocytes (CTL) only, HSV also inhibits
the killing ability of CD41 CTL (27), suggesting that additional
viral strategies to avoid CTL responses may be operative.

CTL kill nucleated target cells predominantly by inducing
apoptosis or programmed cell death (2). CTL induce apoptosis
either by using components of their lytic granules (25) or by
engagement of the target cell Fas receptor by the Fas ligand on

the CTL surface (9). Since induction of apoptosis is critical to
the control of viral infections by CTL, inhibition of apoptosis
could be an important mechanism of immune evasion. Several
viruses are known to produce proteins interfering with apopto-
sis (34), although many have no effect on apoptosis induced by
CTL. Recent reports suggest that HSV may also encode anti-
apoptotic proteins (14, 17), although their ability to inhibit
CTL-induced apoptosis has not been established.

In this report, we demonstrate that laboratory strains of
HSV-1, but not HSV-2, inhibit the oligonucleosomal DNA
fragmentation characteristic of apoptosis, including apoptosis
induced by CTL. In contrast, neither HSV-1 nor HSV-2 had
any inhibitory effect on membrane phosphatidylserine (PS)
exposure, another characteristic feature of apoptosis. These
results suggest that inhibition of CTL-induced apoptosis may
be an important mechanism of immune suppression by HSV-1.
The results also suggest that the nuclear and membrane man-
ifestations of apoptosis may be differentially regulated.

MATERIALS AND METHODS

Cell lines. The human promyelocytic leukemia cell line HL-60 was the kind gift
of Kindred Ritchie. CTL clones ESL3.326, ESL4.34, and 1A.B.25 were derived
from patients with culture-proven HSV-2 infection. ESL3.326 is a CD41, HLA
DQB1*0302-restricted CTL clone which recognizes amino acid residues 433 to
445 of the HSV-2 VP16 protein (16). ESL4.34 is a CD41, DRB1*0402-restricted
CTL clone which recognizes amino acid residues 393 to 405 of the HSV-2 VP16
protein (5). 1A.B.25 is a CD41, DQB1*0201-restricted CTL clone which recog-
nizes amino acid residues 431 to 440 of the HSV-2 VP16 protein (12). Epstein-
Barr virus-immortalized lymphoblastoid cell lines (LCL) Priess (DQ0302), YAR
(DR0402), and MAT (DQ0201) were obtained from the VIIIth and Xth Inter-
national Histocompatibility Panels.

Viruses. HSV-1 strains E115, 171, and 90 and HSV-2 strains 333 and HG52
were grown and their titers were determined in Vero cells or human foreskin
fibroblasts. The cell lines in which viral stocks were grown were screened for
mycoplasma contamination and were negative.

Cytotoxicity assays. For detection of CTL-induced apoptosis, we used a mod-
ification of the JAM assay (22). Target cells consisted of peptide-pulsed, HLA-
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matched LCL. Target cells were labeled for 4 h with [3H]thymidine at 37°C in
growth medium and, at the same time, loaded with 5 mg of the peptide recog-
nized by the CTL clone per ml. After loading and labeling, the cells were washed
and either infected with HSV at 10 or 33 PFU/cell or mock infected for 4 h. The
target cells were then incubated with CTL for 4 h and aspirated onto fiberglass
filters (Unifilter GF/C; Packard Instruments, Meriden, Conn.) by using a Pack-
ard Unifilter-96 harvester. Filters were counted in a Packard TopCount scintil-
lation counter, and percent DNA fragmentation was calculated by the following
formula: % DNA fragmentation 5 (S 2 E)/E, where S is retained DNA (counts)
in the absence of treatment (spontaneous) and E is experimentally retained
DNA (counts) with treatment.

Agarose gel electrophoresis. HL-60 cells (2 3 105) were mock treated or
treated with increasing concentrations of ethanol. After 4 h, the cells were
collected by centrifugation and washed once in phosphate-buffered saline (PBS).
The cells were resuspended in 50 ml of lysis buffer (13 Tris-borate-EDTA
containing 0.5% Nonidet P-40 [Sigma] and 0.1 mg of RNase A [Sigma] per ml)
and incubated for 30 min at 37°C. Proteinase K (Sigma) was added to a final
concentration of 1.5 mg/ml, and the sample was incubated at 37°C for 30 min. A
15-ml volume of the specimen was loaded on a dry 2% agarose gel, and 13
Tris-borate-EDTA buffer was added. Horizontal gel electrophoresis was run at 7
V/cm for 90 min, and the gel was stained with SYBR green (FMC BioProducts,
Rockland, Maine) and visualized under UV light.

ELISA. As an alternative method to detect oligonucleosomal DNA fragmen-
tation, the Cell Death Detection ELISA (enzyme-linked immunosorbent assay;
Boehringer Mannheim, Indianapolis, Ind.) was used. HL-60 cells (2 3 104 to 2 3
105) were treated with increasing concentrations of ethanol or mock treated.
After 4 h, the cells were collected by centrifugation, washed, resuspended in 500
ml of incubation buffer to lyse the cells, and incubated for 30 min at 4°C. The
lysate was centrifuged at 15,000 rpm in an Eppendorf 5412 centrifuge (Brink-
mann) for 5 min, and 400 ml of the supernatant, containing the fragmented DNA,
was removed. The supernatant was diluted with incubation buffer to a final
concentration of 105 cell equivalents/ml, and 100 ml was added to microtiter plate
wells coated with antihistone antibody. After 90 min of incubation at room
temperature, the wells were washed three times with PBS. Peroxidase-conju-
gated anti-DNA antibody was added to the wells, and they were incubated for 90
min at room temperature. After the wells were washed three times, 100 ml of
colorimetric substrate was added and serial readings of optical density at 405 and
490 nm were taken at 5-min intervals.

Flow cytometry for membrane PS exposure. Fluorescein isothiocyanate
(FITC)-annexin V (1 mol/mol) was prepared as previously described (33). HL-60
cells (3 3 104 to 3 3 105) were infected with HSV strains or mock-infected for
4 to 6 h. The cells were then treated with various concentrations of ethanol for
4 h at 37°C. After treatment, the cells were harvested, washed in PBS, and
resuspended in 300 ml of annexin labeling buffer (10 mM HEPES-Na [pH 7.4],
136 mM NaCl, 2.7 mM KCl, 2.0 mM MgCl2, 1 mM NaH2PO4, 5 mM glucose, 5
mg of bovine serum albumin per ml, 2.5 mM Ca21, 10 mg of propidium iodide
[PI] per ml, 100 nM FITC-annexin V). After 10 min of incubation at room
temperature, paraformaldehyde was added to a final concentration of 1.0% and
the cells were incubated for another 15 min at room temperature. The cells were
then analyzed by two-color flow cytometry using a Coulter EPICS XL-MCL.
Cells showing red fluorescence due to PI uptake were considered to be necrotic;
that is, they had lost membrane integrity. Only those cells negative for PI uptake
(cells with intact membrane integrity), which also stained with FITC-annexin V,
were considered apoptotic.

BLT esterase assay for CTL degranulation. The N-a-benzyloxycarbonyl-L-
lysine thiobenzyl ester (BLT) assay was performed essentially as previously
described (32). Briefly, CTL were coincubated with peptide-pulsed and/or HSV-
infected target cells for 5 h. A 50-ml volume of the supernatant was removed and
frozen at 220°C until the time of assay. Enzyme assays were conducted in 96-well
plates at room temperature by addition of an equal volume of 0.1 M Tris (pH
8.1) containing 0.4 mM BLT (Calbiochem, San Diego, Calif.) and 0.4 mM
5959-dithiobis(2-nitrobenzoic acid) [Ellman’s Reagent]; Sigma Chemical Co., St.
Louis, Mo.). The color change was monitored at 10-min intervals for 60 min at
405 nm by using a Bio-Tek EL310 automated plate reader, and the optical
density change per minute was calculated.

RESULTS

Inhibition of DNA fragmentation by HSV-1. To investigate
the effect of HSV infection on the induction of apoptosis in
infected cells, we initially used the human promyelocytic leu-
kemia cell line HL-60. This cell line is easily induced to un-
dergo apoptosis by a variety of stimuli. Incubation of HL-60
cells with ethanol for 4 h resulted in oligonucleosomal DNA
fragmentation characteristic of apoptosis (Fig. 1, top). DNA
fragmentation was most pronounced after treatment with 2.5
to 5% ethanol and was markedly greater than the background
DNA fragmentation (0% ethanol) seen in these cultures. To
determine whether infection with HSV-1 inhibited DNA frag-

mentation, HL-60 cells were infected with 10 PFU of HSV-1
strain E115 per cell for 13 h prior to treatment with ethanol.
HSV-1-infected cells were resistant to the induction of DNA
fragmentation (Fig. 1, bottom). DNA fragmentation after in-
cubation with 2.5 to 5% ethanol was completely inhibited by
HSV-1 infection and markedly reduced after treatment with
ethanol concentrations as high as 10 to 20%.

To confirm these findings, the effect of HSV-1 on DNA
fragmentation was assessed by a sandwich ELISA technique.
Again, infection of HL-60 cells with HSV-1 strain E115 for
13 h before ethanol treatment almost completely prevented
DNA fragmentation (Fig. 2A). To evaluate the kinetics of the

FIG. 1. HSV-1 inhibits oligonucleosomal DNA fragmentation. HSV-infected
or uninfected HL-60 cells were treated with the indicated concentrations of
ethanol and assayed for oligonucleosomal DNA fragmentation by agarose gel
electrophoresis. M, DNA molecular size marker.

FIG. 2. Inhibition of oligonucleosomal DNA fragmentation by HSV-1 strains
E115 and 171 and lack of inhibition by HSV-2 strain 333. HL-60 cells were
infected with HSV-1 strain E115 for 13 h (A), HSV-1 strain E115 for 2 h (B),
HSV-1 strain E115 for 15 min (C), HSV-1 strain 171 for 5 h (D), HSV-2 strain
333 for 5 h (E) prior to apoptosis induction with ethanol (EtOH). Squares,
uninfected control cells; diamonds, HSV-infected cells. O.D. 405/490; ratio of
optical density at 405 nm to that at 490 nm.
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HSV-1 effect on DNA fragmentation, the effect of HSV-1
infection 2 h prior to ethanol treatment, as well as that of
infection 15 min before ethanol addition, was assessed. Prein-
fection of HL-60 cells for 2 h prior to addition of ethanol still
had a strong inhibitory effect on DNA fragmentation (Fig. 2B).
However, when the cells were infected only 15 min before
ethanol addition, little or no inhibitory effect was seen (Fig.
2C). Subsequent experiments used a preinfection time of 5 h to
allow full expression of the antiapoptotic effect.

To determine whether the inhibitory effect on DNA frag-
mentation would also be seen with other HSV-1 strains, HL-60
cells were preinfected with strain 171 for 5 h prior to ethanol
treatment. Inhibition of DNA fragmentation by the 171 strain
of HSV-1 was similar to that seen with strain E115, as deter-
mined by sandwich ELISA (Fig. 2D). Surprisingly, HSV-2
strain 333 did not show inhibition of DNA fragmentation (Fig.
2E), nor did a second HSV-2 strain, HG52 (data not shown).
Successful HSV-2 infection was confirmed by immunofluores-
cent staining for HSV-2 proteins, followed by flow cytometry
(data not shown).

Lack of inhibition of membrane changes of apoptosis by
HSV-1. Although DNA fragmentation is the most well-de-
scribed manifestation of apoptosis, apoptotic cells also dem-
onstrate characteristic membrane changes. One of these is the
exposure of PS on the outer leaflet of the cell membrane. In
the normal, healthy cell, PS is localized almost exclusively to
the inner leaflet of the cell membrane. During apoptosis, how-
ever, PS equilibrates between the two leaflets (6). PS exposure
is thought to play a role in alerting phagocytic cells to the
presence of apoptosis (1, 29, 36). HL-60 cells treated with 5%
ethanol for 4 h showed a marked increase in PS exposure
compared with untreated cells (Fig. 3). To determine whether
HSV-1 infection inhibited PS exposure during apoptosis,
HL-60 cells were infected with 10 PFU of HSV-1 strain E115
per cell for 5 h prior to incubation with ethanol. In contrast to
the marked inhibitory effect of HSV-1 on DNA fragmentation,
the virus had no inhibitory effect on PS exposure (Fig. 3).
HSV-2 also had no effect on ethanol-induced PS exposure.

Inhibition of CTL-induced apoptosis by HSV-1. CTL kill
their targets by inducing them to undergo apoptosis (25). It has
been reported that cells undergoing DNA fragmentation no
longer support viral replication, suggesting that this may be an
important mechanism for CTL control of viral infections (21).
We therefore investigated whether HSV-1 could inhibit DNA
fragmentation induced by CTL. MHC class II-restricted CTL
clones were used for these experiments to avoid confounding
effects from MHC class I downregulation by the HSV-1 gene
product ICP47.

CTL clones were mixed at various effector-to-target cell
ratios with peptide-pulsed, MHC-matched LCL which had
been mock infected or infected with HSV 5 h earlier. After 4 h
of incubation, the cells were harvested and target cell DNA
fragmentation was determined by the JAM assay (22). When
target cell line Priess (LCL) was infected with HSV-1 strain
E115 at 33 PFU/cell, inhibition of DNA fragmentation induced
by clone ESL3.326 was essentially complete (Fig. 4A). With
infection by E115 at 10 PFU/cell, the HSV-1 inhibitory effect
on DNA fragmentation was approximately 50%, similar to the
effect of HSV-1 on ethanol-induced apoptosis (Fig. 4B). In
contrast to HSV-1, HSV-2 strain 333 had no inhibitory effect
on DNA fragmentation induced by CTL clone ESL3.326 (Fig.
4C).

Although HSV-1 inhibited apoptosis induced by several
other stimuli, it remained possible that the apparent inhibitory
effect of HSV on CTL-induced apoptosis was due to impair-
ment of CTL recognition of target cells, either by inhibition of

antigen presentation by MHC class II, as previously described
in neurons (18), or by some other means. However, immuno-
fluorescence staining for MHC class II antigens DP, DQ, and
DR showed no effect of HSV infection on MHC class II ex-
pression (data not shown). To evaluate antigen presentation to
CTL, degranulation of CTL in response to infected versus
uninfected target cells was evaluated by the BLT esterase as-
say. Specific CTL degranulation was equivalent or slightly
higher in response to HSV-1-infected cells in comparison with
uninfected cells (Fig. 5), confirming that HSV-1 did not inhibit
CTL recognition of target cells.

To confirm the ability of HSV-1 to inhibit DNA fragmenta-
tion induced by other CTL clones, a second CTL-target pair
was used. Infection of target cell line MAT (LCL) with HSV-1
at 10 PFU/cell resulted in marked inhibition of DNA fragmen-
tation induced by CTL clone 1A.B.25 (Fig. 4D). Incubation of
target cells with UV-inactivated HSV-1 had no inhibitory effect
(Fig. 4E), confirming that the antiapoptosis function requires
active virus. Furthermore, treatment of infected cells with acy-
clovir, which inhibits viral DNA replication and therefore viral
late gene expression, still allowed expression of the antiapop-
totic effect (data not shown), suggesting that this effect is me-
diated by an immediate-early or early gene of HSV-1. As
expected, infection with HSV-2 had no inhibitory effect on
DNA fragmentation, even at 33 PFU/cell (Fig. 4F and G).

FIG. 3. Neither HSV-1 nor HSV-2 inhibits the membrane PS exposure as-
sociated with apoptosis. HL-60 cells were mock infected or infected with HSV-1
strain E115 or HSV-2 strain 333 for 5 h and then mock treated or treated with
5% ethanol. Annexin V-FITC (x axis)-propidium iodide (y axis) labeling, fol-
lowed by flow cytometry, was performed as described in the text. Quadrants: 2,
necrotic cells; 3, nonnecrotic, PS-negative cells; 4, viable, PS-positive cells. The
percentage of nonnecrotic, PS-positive cells is shown in quadrant 4. The small
decrease in quadrant 4 cells in HSV-1-infected cells seen in this representative
experiment was within the range of error of the assay and was not reproducible
in multiple repeat experiments.
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In contrast to the effects of HSV-1 on DNA fragmentation
induced by CTL clones ESL3.326 and 1A.B.25, however,
HSV-1 had no effect on the DNA fragmentation of target cell
line YAR (LCL) induced by clone ESL4.34, another CD41

CTL clone (Fig. 6A). Again, HSV-2 also had no effect on DNA
fragmentation induced by this clone (Fig. 6B). To determine
whether the failure to inhibit DNA fragmentation was at the
level of the effector or the target cell, the ability of HSV-1 to
protect YAR cells from DNA fragmentation induced by other
stimuli was assessed. HSV-1 was able to inhibit UV-induced

DNA fragmentation of YAR cells (the YAR cell line does not
undergo apoptosis in response to ethanol incubation). DNA
fragmentation after exposure to UV light (30-W source at 10
cm) was decreased 50 to 100% by infection with HSV-1 strain
E115, depending on the conditions of the JAM assay (Fig. 6C).
This result suggests that the lack of HSV inhibition of CTL-
induced apoptosis may be specific for the mechanism of apo-
ptosis induction used by clone ESL3.326 rather than a feature
of the YAR target cells.

DISCUSSION

This paper describes two unique features of HSV-1 inhibi-
tion of apoptosis. First, we have demonstrated that the HSV-1
antiapoptotic genes can protect the infected cell from DNA
fragmentation induced by CTL. Although other viruses have
genes which can inhibit apoptosis (reviewed in reference 34),
these function mainly to prevent apoptosis as a direct cellular
response to viral infection. Few of these proteins have been
shown to inhibit apoptosis induced by CTL, possibly because
CTL have evolved to bypass many of the proximal triggering
events preceding apoptosis (the events typically inhibited by
viral antiapoptotic proteins). Instead, CTL can activate
caspases (ICE-like proteases) directly via the action of gran-
zyme B (19). The results in this paper demonstrate that HSV-1
can be added to cowpox virus (35) and baculovirus (28) as a
virus which inhibits CTL-induced apoptosis. Since CTL are
critical for the control of HSV-1 infection (3, 26, 30), these
results suggest that inhibition of apoptosis plays an important
role in the immune evasion strategy of the virus by preventing
CTL-induced cell death until viral replication is complete.

Second, HSV-1 inhibited the DNA fragmentation associated
with apoptosis but not the membrane changes such as PS expo-
sure. This implies that the various manifestations of apoptosis,
in this case, the nuclear and membrane changes, can be inhib-
ited independently. This also suggests that the HSV-1 anti-
apoptotic genes may have mechanisms of action distinct from
those of other viral inhibitors of apoptosis. For example, an-
other viral inhibitor shown to inhibit CTL-induced apoptosis,
CrmA (35), acts by inhibiting the action of caspases. If the
HSV-1 antiapoptotic genes also acted to inhibit caspase activ-
ity, this would imply that PS exposure is regulated by a mech-
anism other than the caspase cascade. A recent report showing
that PS exposure requires cleavage of ICE-like proteases
(caspases) makes this unlikely (20). Alternatively, the HSV-1
inhibitors may act after the caspase cascade, when the nuclear
and membrane effector arms of the apoptotic mechanism have
separated. Further studies are necessary to establish the exact

FIG. 4. Effects of HSV infection on DNA fragmentation induced by CTL
clones ESL3.326 and 1A.B.25. A, clone ESL3.326 versus targets infected with
HSV-1 strain E115 at 33 PFU/cell; B, clone ESL3.326 versus targets infected with
HSV-1 strain E115 at 10 PFU/cell; C, clone ESL3.326 versus targets infected with
HSV-2 strain 333 at 10 PFU/cell; D, clone 1A.B.25 versus targets infected with
HSV-1 strain E115 at 10 PFU/cell; E, clone 1A.B.25 versus targets infected with
UV-inactivated HSV-1 strain E115 at 10 PFU/cell; F, clone 1A.B.25 versus
targets infected with HSV-2 strain 333 at 10 PFU/cell; G, clone 1A.B.25 versus
targets infected with HSV-2 strain 333 at 33 PFU/cell. Squares, uninfected
control cells; diamonds, HSV-infected cells. E:T ratio, effector-to-target cell
ratio.

FIG. 5. HSV infection of targets does not interfere with recognition by CTL.
Mock- or HSV-infected, peptide-pulsed LCL targets were incubated with CTL
clone 3.326 at a 20:1 effector-to-target cell ratio. Supernatant was collected 5 h
later, and CTL degranulation was measured by BLT esterase assay. O.D., optical
density.

FIG. 6. Lack of inhibition of DNA fragmentation induced in target cell line
YAR by CTL clone ESL4.34. Neither HSV-1 strain E115 (10 PFU/cell) (A) nor
HSV-2 strain 333 (10 PFU/cell) (B) inhibited fragmentation induced by this
clone. HSV-1 strain E115 (10 PFU/cell) (C) inhibited UV-induced DNA frag-
mentation in YAR cells. Cells were UV irradiated (30-W source at 10 cm) for the
indicated times. Squares, uninfected control cells; diamonds, HSV-1 infected
cells. E:T ratio, effector-to-target cell ratio.
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mechanism of the HSV-1 effect. These studies may provide
new and unique insights into the late stages of the apoptotic
cascade.

Two recent reports have suggested an antiapoptotic effect of
HSV-1, although they did not address the effect of HSV-1 on
apoptosis induced by CTL or the effect of HSV-1 infection on
PS exposure during apoptosis. Koyama and Miwa (14) re-
ported that HSV-1 infection protected HEp-2 cells from sor-
bitol-induced apoptosis and that this effect was mediated by an
immediate-early (a) or early (b) gene of HSV-1. Similarly,
Leopardi and Roizman (17) reported that the HSV-1 protein
kinase US3 could protect Vero cells from apoptosis. Our re-
sults showing the appearance of the HSV-1 antiapoptotic effect
within 2 h of infection support the hypothesis that this function
is mediated by immediate-early or early genes of HSV-1. This
conclusion is further supported by the observation that treat-
ment of infected cells with acyclovir, which prevents HSV late
gene expression, still allows expression of the antiapoptotic
effect.

We were somewhat surprised to find that laboratory strains
of HSV-2 had no antiapoptotic effect in our system. We are
currently testing clinical isolates of both HSV-1 and HSV-2 to
determine whether this distinction holds for these strains as
well. In either event, the availability of various strains which do
and do not express an antiapoptotic function may prove helpful
in further defining the viral regulatory regions which inhibit
apoptosis. We were also surprised by our observation that
HSV-1 inhibited apoptosis induced by only two of the three
CTL clones tested. Various T-cell clones may use different
mechanisms to induce apoptosis in their target cells (24, 31), so
it is possible that HSV-1 is only able to inhibit some CTL
killing pathways. Further experiments are required to elucidate
the details of this inhibition and also to determine the effect of
HSV-1 infection on killing mediated by CD81 CTL.

Finally, it is interesting to speculate on the evolutionary
value of a viral inhibitor of apoptosis which prevents DNA
fragmentation but allows membrane PS exposure. DNA frag-
mentation appears to result in the cessation of viral replication
(21), so its inhibition, therefore allowing the infected cell to
survive until viral replication is complete, would clearly be
advantageous for viral survival. What, then, is the advantage of
allowing PS exposure to proceed? One possibility is raised by
reports suggesting that PS exposure serves as a signal for
phagocytosis (4), particularly by nonprofessional phagocytes.
Among the nonprofessional phagocytes are epithelial cells,
and it is tempting to speculate that PS exposure may facilitate
viral transmission to adjacent, uninfected cells.
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