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Cellular cytotoxicity of C57BL/6 adult mice peritoneal cells to xenogeneic
(Chang liver) and syngeneic (BL/6-WT3) herpes simplex virus (HSV)-infected
cells was analyzed in a 6-h 51Cr release assay. There was no difference in
antibody-dependent cellular cytotoxicity to either target. There was no natural
killer cytotoxicity to targets with cells from uninfected mice except at very high
effector cell ratios. HSV-infected (2 x 104 PFU intraperitoneally 1 day previously)
mice mediated significantly higher antibody-dependent cellular cytotoxicity and
required less antibody (10-5 versus 10-2 dilution), fewer cells, and less time to kill
than cells from uninfected mice. HSV-infected mice mediated natural killer
cytotoxicity but preferentially killed syngeneic HSV-infected cells. Stimulation of
cytotoxicity was not virus specific since influenza-infected mice mediated similar
levels of cytotoxicity to HSV-infected targets. There was no difference in
morphology (95% macrophage) or in the percentage of FcR-positive cells, but
infected mice had more peritoneal cells and generated higher levels of superoxide
in response to opsonized zymosan or phorbolmyristate acetate. These data
demonstrate nonspecific virus-stimulated metabolic and effector cell function
which may enhance clearance of virus in an infected host.

Cellular cytotoxicity to herpes simplex virus
(HSV)-infected cells has been extensively ana-
lyzed in vitro (2, 3, 5, 6, 8-10, 12-17, 19-23, 25-
36, 38-45; S. Kohl, J. Infect. Dis., in press). Due
to H-2 restriction, all successful murine or hu-
man systems reported to date have utilized
syngeneic or autologous cells to analyze T cell
cytotoxicity (5, 19, 23, 26, 34, 38-40; K. A.
Storthz, J. W. Smith, and L. A. Wilson, Fed.
Proc. 41:571, 1982). In contrast, only one report
of murine natural killer cytotoxicity (NKC) (27)
and no reports of antibody-dependent cellular
cytotoxicity (ADCC) have utilized syngeneic or
autologous target cells. Indeed, it has been sug-
gested to these authors that antiviral ADCC may
require xenogeneic target cells and therefore is
of limited in vivo significance.
For these reasons we now report the results of

a series of experiments successfully delineating
ADCC to syngeneic murine HSV-infected target
cells. In addition, we have compared the ADCC
and NKC of normal and HSV-infected mice to
syngeneic and xenogeneic HSV-infected and
uninfected target cells. Leukocytes from infect-
ed mice produced increased amounts of super-
oxide and were able to mediate both NKC and
ADCC in a more efficient manner than those of
uninfected mice.

MATERIALS AND METHODS

Virus. HSV type 1 (HSV-1, HE strain, originally
isolated in the laboratory of A. J. Nahmias, Emory
University, Atlanta, Ga., from a neonate with dissemi-
nated HSV infection) was propagated in Chang liver
cells grown in Earle minimal essential medium
(GIBCO Laboratories, Grand Island, N.Y.) supple-
mented with 10% heat-inactivated fetal calf serum
(Flow Laboratories, Rockville, Md.), penicillin (100
U/ml), and streptomycin (100 ,ug/ml) (supplemented
minimal essential medium; SMEM). Where specified,
HSV-1 was harvested in SMEM without heat-inacti-
vated fetal calf serum. The virus had a titer of 106 PFU
per ml on Chang liver monolayers under a 1.5%
methylcellulose (Fisher Scientific Co., Fairlawn, N.J.)
overlay. We previously reported that the survival rate
of 18- to 22-g male C57BL/6 mice inoculated with 106
PFU of HSV-1 HE strain was 84% (14, 15).

Influenza virus used was influenza A/Hong Kong/68
H3N2, kindly provided by Philip Wyde, Baylor College
of Medicine, Houston, Tex. This was passage nine in
C3H mice of a mouse-adopted influenza virus and
contained 6.2 50% tissue culture infective dose and 4.2
50% lethal dose per ml.

Target cells. Monolayers of Chang liver cells, which
are xenogeneic to C57BL/6 mice, were infected with
HSV-1 (HE strain) at a multiplicity of infection of 0.5
to 1, 18 h before use, trypsinized, labeled with radioac-
tive sodium chromate the day of use, and suspended to
a final concentration of 10' cells/ml in SMEM as
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described (12-17). Uninfected Chang liver cells were
prepared in a similar fashion.
BL/6WT-3 cells (C57BL/6 mouse embryo fibro-

blasts transformed by simian virus 40) which are
syngeneic for C57BL/6 mice were kindly provided by
S. S. Tevethia, Pennsylvania State University College
of Medicine, Hershey, Pa. These cells were utilized
essentially as previously described by Carter et al. (5).
Confluent monolayers were infected with HSV-1 (mul-
tiplicity of infection, 0.5 to 1) for 1 h, after which time
100 p.Ci of 51Cr was added. The cells were then
incubated for 18 h, trypsinized, and washed once
before suspension to a final concentration of 105 cells/
ml in SMEM. Uninfected BL/6WT-3 cells were simi-
larly prepared.

Animals. C57BL/6 adult (8 to 12 weeks old) mice
were obtained from Timco Breeding Co., Houston,
Tex. Animals infected with HSV-1 were inoculated
intraperitoneally with 0.2 ml of a 1:10 dilution (2 x 104
PFU) of HSV in SMEM without heat-inactivated fetal
calf serum. Resident peritoneal cells were collected as
previously described and washed three times in
SMEM before use in the microcytotoxicity assay (12,
14, 15).
Human effector cells. Human peripheral blood

mononuclear cells were obtained as previously de-
scribed from heparinized blood by sequential dextran
sedimentation and Ficoll-Hypaque (Pharmacia Fine
Chemical Co., Piscataway, N.J.) buoyant density cen-
trifugation. Mononuclear cells were washed in Hanks
balanced salt solution (GIBCO) four times before
suspension in SMEM and use in the cytotoxicity assay
(13, 16).

High-affinity leukocyte Fc receptor analysis. High-
affinity Fc receptor analysis was performed as previ-
ously described (16) by using sheep red blood cells
(Dutchland Laboratories, Denver, Pa.) sensitized with
rabbit anti-sheep red cell antibody (a 1:256 dilution;
Cappel Laboratory, Cochraneville, Pa., lot 14953).
The percentage of peritoneal cells rosetting with three
or more red blood cells of 200 counted cells was
calculated.

Peritoneal cell morphology. Differential counts of
peritoneal cells were performed on Wright-stained,
Cytocentrifuge (Cytospin-Shandon, Southberry Prod-
ucts, Ltd., Runcorn, Cheshire, England)-prepared
slides. One hundred cells were counted for each
differential cell count.
Serum. Human immune serum consisted of a pool of

sera prepared from four individuals with past HSV
infections and HSV antibody titers determined by
neutralization and ADCC (17). The neutralizing anti-
body titer of the pool was 1:32 and the ADCC titer
with human effector cells was 10-5. Nonimmune se-
rum consisted of pooled sera from four individuals
with a negative clinical history of previous HSV
infection and no detectable HSV-neutralizing or
ADCC antibodies. All serum was heat inactivated at
56°C for 30 min and stored at -20°C.

Microcytotoxicity assay. The microcytotoxicity as-
say was performed in triplicate in rigid polystyrene U-
bottom well microtiter plates (Dynatech Laboratories,
Inc., Alexandria, Va.) as previously described (12-17).
A 100-,ul portion of effector cells diluted to obtain the
desired effector-to-target cell ratio, 50 ,ul of target cells
(5 x 103), and 50 ,u1 of HSV immune or nonimmune
serum were added to each well. Before incubation, the

microtiter plates were centrifuged for 5 min at 50 x g
to increase cell-to-cell contact in the assay. The cov-
ered plates were incubated at 37°C in a humidified
atmosphere of 95% air and 5% CO2 for 6 h unless
otherwise specified.
To determine the amount of 51Cr released from the

target cells, we aspirated 100 pI from the top of each
well without disturbing the cell button. To each well,
100 p1I of 1 M NaOH was then added, and the total
volume was aspirated into a separate container. All
samples were counted in a Beckman 4000 gamma
counter for 1 min. Chromium release was calculated
according to the following formula: percent 5tCr re-
leased = (2A/A + B) x 100, where A equals counts per
minute in the top 100 p.1 and B equals counts per
minute in the bottom 100 p.1 to which NaOH was
added. The standard deviation of triplicate assays was
less than 10%.

NKC was defined as:

(%51Cr release of target cells plus effector cells) -
(%51Cr release of target cells)

% NKC = x 100

100 - (%51Cr release of target cells)

ADCC was defined as:

(%51Cr release of target cells plus
effector cells plus immune serum) -

(%51Cr release of target cells
plus effector cells

plus nonimmune serum)

% ADCC = x 100

100 - (%51Cr release of target cells plus effector
cells plus nonimmune serum)

Superoxide production by peritoneal cells. Superox-
ide release was measured as previously described (7).
Briefly, either monolayers prepared and treated as
described by Michell and co-workers (21) or suspen-
sions of cells at a final concentration of 106 were
incubated in the presence of 80 p,M ferricytochrome c
and Hanks balanced salt solution containing 0.1%
glucose. Appropriate monolayers contained either op-
sonized zymosan (10 particles per cell) or phorbolmyr-
istate acetate (PMA, 0.5 ,ug/ml). Monolayers with and
without superoxide dismutase (150 U) were incubated
at 37°C for 30 min, after which time their supematants
were removed and centrifuged. Cytochrome c reduc-
tion was measured spectrophotometrically at 550 nm
in a Beckman Du 8 spectrophotometer with a millimo-
lar extinction coefficient of 19. In those experiments
where cell suspensions were used, initial rate determi-
nations were made on samples in the presence and
absence of superoxide dismutase. The reactions were
initiated by the addition of PMA to cuvettes in a
thermostatically controlled cuvette chamber.

Statistical method. Analysis of differences between
mean values of paired results was performed by Stu-
dent's two-tailed paired t test. Data is expressed as the
mean ± standard error of the mean (SEM) of experi-
ments.
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TABLE 1. NKC of peritoneal cells from HSV-
infected and uninfected mice to infected and

uninfected target cellsa
Mean % NKC + SEM of

Target cells' peritoneal cells from:'

Control HSV
infected

HSV-infected 5.3 ± 1.9 40.3 ± 6.8 <0.001
BL/6WT-3
(8)

Uninfected BL/ 2.9 ± 1.9 26.3 ± 3.4 <0.001
6WT-3 (7)

HSV-infected 3.3 ± 2.2 22.2 ± 4.6 <0.05
Chang liver
cells (6)

Uninfected 4.2 ± 2.3 29.8 ± 1.7 <0.001
Chang liver
cells (4)
a The cytotoxicity assay was performed with an

effector-to-target cell ratio of 100:1 and a 6-h incuba-
tion period.

b Cells were infected 18 h before assay with HSV-1.
Numbers in parentheses are the number of separate
experiments performed.

I Effector cells were from uninfected (control) or
HSV-infected (2 x 104 PFU intraperitoneally 24 h
before assay) adult C57BL/6 mice.

d p value is the significance of the difference be-
tween percent NKC for infected and control mouse
peritoneal cells.

RESULTS
Target cell leakage. Spontaneous 51Cr leakage

of HSV-infected Chang liver cells was 17.2 +
1.4% and 23.6 ± 1.8% after 6 and 18 h of
incubation, respectively. The leakage of unin-
fected Chang liver cells was 22.1 ± 2.4% and
45.9 ± 0.8% after 6 and 18 h of incubation,
respectively. These data are as previously re-
ported (17). The leakage of the HSV-infected
BL/6WT-3 cells was 55.1 ± 2.6% and 65.3 +
11.1% after 6 and 18 h of incubation, respective-
ly. The spontaneous leakage of the uninfected
BL/6WT-3 cells was 43.8 ± 4.7% and 62.3 +
12.7% after 6 and 18 h of incubation, respective-
ly. Due to the very high 51Cr release of BL/6WT-
3 cells after 18 h of incubation, experiments with
BL/6WT-3 cells were terminated after 6 to 7 h of
incubation, whereas selected experiments utiliz-
ing Chang liver cells were carried out for 18 h.
NKC to HSV-infected and uninfected cells by

peritoneal cells from HSV-infected and uninfected
mice. The NKC to infected and uninfected target
cells by peritoneal cells from infected and unin-
fected mice was examined by using an effector-
to-target cell ratio of 100:1 in a 6-h assay (Table
1). There was uniformly low NKC with cells
from control mice against any target cell utilized
in a 6-h assay. Peritoneal cells from mice infect-

ed 1 day previously with HSV had significantly
higher NKC to all target cells than did those
from uninfected mice. NKC against BL/6WT-3
cells infected with HSV (40.3 + 6.8%) was
significantly higher than that against uninfected
BL/6WT-3 (26.3 + 3.4%, P < 0.05) or HSV-
infected Chang liver cells (22.2 ± 4.6, P < 0.01).
There was no significant difference in NKC
against HSV-infected compared with uninfected
Chang liver cells.
ADCC mediated by peritoneal cells from HSV-

infected and uninfected mice to syngeneic and
xenogeneic target cells. ADCC was analyzed in a
6-h assay with an effector-to-target cell ratio of
100:1 and a serum dilution of 1:20 (Table 2).
There was no ADCC to uninfected target cells
(data not shown). There was no significant dif-
ference in ADCC mediated by the peritoneal
cells to HSV-infected BL/6WT-3 or Chang liver
target cells. As seen with NKC, ADCC of peri-
toneal cells from infected mice was significantly
(P < 0.01) higher than that of uninfected mice to
both syngeneic (BL/6WT-3) and xenogeneic
(Chang liver) cells.

Effect of varying effector-to-target cell ratios on
cytotoxicity. To verify that the data presented in
Tables 1 and 2 were not peculiar to the effector-
to-target cell ratio utilized, experiments with
effector-to-target cell ratios of 10:1 to 200:1 were
examined (Fig. 1 through 3). NKC was not
mediated by peritoneal cells from uninfected
mice to uninfected target cells at any cell ratio
(Fig. 1). Peritoneal cells from infected mice

TABLE 2. ADCC of peritoneal cells from HSV-
infected and uninfected mice to syngeneic and

xenogeneic HSV-infected target cellsa
Mean % ADCC ± SEM of

Target cells'
peritoneal cells from:

pd

Control HSVinfected

HSV-infected 15.0 ± 4.5 33.1 ± 4.4 <0.01
BL/6WT-3
(8)

HSV-infected 9.3 ± 3.4 30.3 ± 3.9 <0.01
Chang liver
cells (5)
a The cytotoxicity assay was performed with an

effector-to-target cell ratio of 100:1, a serum dilution of
1:20, and a 6-h incubation period.

b The target cells were infected 18 h before assay
with HSV-1. Numbers in parentheses are the number
of separate experiments performed.

c Effector cells were from uninfected (control) or
HSV-infected (2 x 104 PFU intraperitoneally, 24 h
before assay) adult C57BL/6 mice.

d p value is the significance of the difference be-
tween percent ADCC for infected and control mouse
peritoneal cells.
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FIG. 1. NKC to uninfected target cells. Uninfected BL/6WT-3 cells (A) and Chang liver cells (B) were

utilized in a 6-h cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected (2 x 104 PFU HSV
24 h previously) (0) mice.

mediated NKC to uninfected target cells begin-
ning at effector-to-target cell ratios of 60:1 and
increasing at ratios of 100:1 (BL/6WT-3) or 200:1
(Chang liver cells) (Fig. 1). NKC was mediated
by leukocytes from infected and uninfected mice
to HSV-infected BL/6WT-3 cells (Fig. 2). NKC
of peritoneal cells from infected mice was evi-
dent at effector-to-target cell ratios as low as
10:1 and reached a plateau value at a ratio of
100:1. NKC from uninfected mice was evident
only at high effector-to-target cell ratios (100:1,
200:1) (Fig. 2A). NKC to HSV-infected Chang
liver cells was only mediated by peritoneal cells
from infected mice and was evident at effector

60-

60-

o40-

ratios of 60:1 and reached a plateau value at
effector-to-target cell ratios of 100:1 (Fig. 2B).
As presented in Table 1, NKC was highest to
HSV-infected BL/6WT-3 cells at any effector-to-
target cell ratio utilized (Fig. 1 and 2). NKC to
infected or uninfected Chang liver cells was of
similar magnitude at all effector-to-target cell
ratios (Table 1, Fig. 1B and 2B).
ADCC to HSV-infected BL/6WT-3 cells medi-

ated by peritoneal cells from infected mice was
higher than that by uninfected mice until very
high effector-to-target cell ratios (200:1) were
utilized. At that ratio the peritoneal cells from
infected mice had low ADCC (Fig. 3A). ADCC
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FIG. 2. NKC to HSV-infected target cells. HSV-infected BL/6WT-3 cells (A) and Chang liver cells (B) were
utilized in a 6-h cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected (0) mice.
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FIG. 3. ADCC to HSV-infected target cells. HSV-infected BL/6WT-3 cells (A) and Chang liver cells (B) were
utilized in a 6-h cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected (0) mice. The
immune serum dilution was 1:20.

to HSV-infected Chang liver cells was more
efficient by peritoneal cells from HSV-infected
mice than from uninfected mice at all effector-to-
target cell ratios tested (Fig. 3B).

Effect of antibody concentration on ADCC of
peritoneal cells from HSV-infected and uninfected
mice against syngeneic and xenogeneic target
cells. The previous experiments were performed
with a final immune serum dilution of 1:20. The
effect on ADCC of varying the serum concentra-
tion from 10-1 to 10-6 was analyzed (Fig. 4).
ADCC to HSV-infected BL/6WT-3 mediated by
peritoneal cells from infected mice was higher
than that of uninfected mice at all serum concen-
trations. Although no ADCC was detected be-
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yond a serum concentration of 10-2 by using
cells from uninfected mice, cells from infected
mice still mediated significant ADCC in the
presence of a serum concentration as low as
10-5 (Fig. 4A). The peritoneal cells from infect-
ed mice similarly were more active than those
from uninfected mice against HSV-infected
Chang liver cells. They required more antibody
to mediate significant ADCC activity to Chang
liver cells (10-1 for cells from uninfected mice
and 10-2 for cells from HSV-infected mice, Fig.
4B) than to BL/6WT-3 cells (Fig. 4A).

Effect of varying the incubation time on cellular
cytotoxicity. The kinetics of NKC and ADCC
were analyzed by terminating the experiments
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FIG. 4. Effect of various concentrations of immune serum on ADCC. HSV-infected BL/6WT-3 (A) or Chang
liver (B) cells were utilized in a 6-h cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected
(O) mice at an effector-to-target cell ratio of 100:1.
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FIG. 5. Kinetics of NKC to uninfected cells. Uninfected BL/6WT-3 (A) or Chang liver (B) cells were utilized
in a cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected mice (0) at an effector-to-target
cell ratio of 100:1.

from 1 to 7 h after the initiation of the assay in
the case of BL/6WT-3 cells and from 1 to 18 h in
the case of Chang liver cells (see Fig. 7). As
presented in Table 1, there was no significant
NKC to any target cell mediated by peritoneal
cells from uninfected mice in less than 7 h (Fig. 5
and 6). After 18 h of incubation, as previously
reported (12, 14, 15), NKC was mediated by
cells from uninfected mice to HSV-infected and
uninfected Chang liver cells (Fig. 5B, 6B). The
levels of NKC to infected and uninfected Chang
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liver cells were similar, as previously reported in
the Chang liver system with human effector cells
(13). NKC mediated by cells from HSV-infected
mice was higher than that of control animals at
all times after 1 h of incubation (Fig. 5 and 6). As
presented in Table 1, NKC was highest to HSV-
infected BL/6WT-3 cells at all times tested (Fig.
6A).
ADCC was more rapidly manifested by cells

from infected mice than those from uninfected
mice to both Chang liver and BL/6WT-3 infected
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FIG. 6. Kinetics of NKC to HSV-infected cells. HSV-infected BL/6WT-3 (A) or Chang liver (B) cells were
utilized in a cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected (0) mice at an effector-
to-target cell ratio of 100:1.
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FIG. 7. The kinetics of ADCC to HSV-infected cells. HSV-infected BL/6WT-3 (A) or Chang liver (B) cells
were utilized in a cytotoxicity assay with peritoneal cells from uninfected (0) or HSV-infected (0) mice at an

effector-to-target cell ratio of 100:1. The immune serum dilution was 1:20.

cells. ADCC activity was readily detected by 3 h
of incubation by using cells from infected ani-
mals compared with 5 to 7 h of incubation by
using cells from uninfected mice (Fig. 7).
Time course of HSV-stimulated cytotoxicity. To

determine the duration of stimulation of antiviral
cytotoxicity caused by viral infection, mice were

sacrificed 1 to 7 days after intraperitoneal inocu-
lation with HSV and their peritoneal cells as-
sayed in the cytotoxicity assay (Table 3). ADCC
levels were maximum 1 day after infection and
approached normal ADCC values 3 days postin-
fection. NKC was similarly maximum 1 day
after infection but unlike ADCC remained ele-
vated 7 days postinfection.

Cellular cytotoxicity of animals infected with
HSV or influenza virus. To determine whether
the increases in ADCC and NKC mediated by
cells from HSV-infected mice were virus specif-
ic, experiments were performed with influenza
virus-infected mice (Table 4). As seen with HSV
infection, mice infected with influenza 1 day
previously had increased ADCC to BL/6WT-3
and Chang liver HSV-infected cells and in-
creased NKC to infected BL/6WT-3 cells. Un-
like experiments with HSV, there was no in-
crease in NKC to HSV-infected Chang liver
cells. Increased cytotoxicity in influenza-infect-
ed mice in general was of a lower magnitude
than seen with HSV. Nevertheless, these data
demonstrate that increased cytotoxicity to HSV-
infected cells was not virus specific.

Peritoneal cell enumeration and characteriza-
tion. The effect of intraperitoneal infection 1 day
previously with 2 x 104 PFU ofHSV in C57BL/6

mice on the number and type of peritoneal cells
was examined. As previously reported (14),
there were significantly (P < 0.001) more perito-
neal cells recovered from infected (16.9 x 106 +
2.3 x 106 cells per mouse, mean ± SEM of 11
experiments) than from uninfected (4.4 x 106 +
0.6 x 106 cells per mouse) animals. Table 5 lists
the types of cells recovered from these animals.
There was no difference in the cell differential
count (95% monocyte macrophage and 5% lym-
phocyte) or the percentage of cells manifesting
high-affinity immunoglobulin Fc receptors (6 to
8%) between uninfected and infected mice.
Quantitation of virus present in the peritoneal
cavity of mice 1 day after infection revealed
approximately 0.004 PFU per peritoneal cell (5
x 105 PFU per mouse).
Superoxide production by peritoneal cells.

TABLE 3. Time course of HSV-stimulated
cytotoxicity

Days after virus Cytotoxicity
inoculationa % ADCC % NKC

1 29.0 40.5
2 18.3 37.8
3 14.1 32.8
7 14.1 32.1

No virus (control) 13.6 0
a Days after intraperitoneal inoculation with 2 x 104

PFU of HSV.
b Murine peritoneal cells at an effector-to-target cell

ratio of 100:1; a 1:20 serum dilution in a 6-h assay.
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TABLE 4. Cellular cytotoxicity of peritoneal cells from uninfected mice and mice infected with HSV or
influenza'

Cytotoxicity'
Peritoneal cells % ADCC ± SEM to: % NKC ± SEM to:

BL/6WT-3 Chang liver BL/6WT-3 Chang liver

Uninfected 9.2 ± 8.2 0 ± 0 12.5 ± 1.8 3.1 ± 2.4
HSV infected' 37.2 ± 3.1 39.5 ± 14 89.9 ± 6.2 28.3 ± 1.8
Influenza infectedd 23.3 ± 4.3 22.6 ± 2.3 36.4 ± 9.8 5.1 ± 0.1

a The cytotoxicity assay was performed at an effector-to-target cell ratio of 100:1, a serum dilution of 1:20 and
a 6-h incubation period. The data are for two experiments.

b Target cells were BL/6WT-3 cells infected with HSV or Chang liver cells infected with HSV.
Cells were from mice infected 1 day previously with HSV (2 x 104 PFU intraperitoneally).

d Cells were from mice infected 1 day previously with influenza virus (1.2 50% tissue culture infective dose).

Resting or nonstimulated superoxide release
was routinely observed to be less than 0.5 nmol
per 30 min per 106 cells in peritoneal cells from
either uninfected or infected mice. Peritoneal
cells responded to a stimulus such as PMA or

opsonized zymosan, however, by markedly in-
creasing their release of superoxide into the
extracellular medium. The cells obtained from
HSV-infected mice released greater than 2.5-
fold more superoxide than cells from controls
(Table 6). This result was consistent regardless
of the stimulus used to trigger superoxide re-

lease. The rate of superoxide release after the
addition of PMA over an 8-min time span was
0.37 and 0.62 nmol/min for control and infected
cells, respectively.

DISCUSSION
We have demonstrated murine ADCC to

HSV-infected syngeneic cells for the first time.
An important technique that allowed for the
consistent manifestation of mouse peritoneal
cell ADCC by using target cells unsuitable for an
overnight assay, due to high spontaneous 51Cr
leakage, was the low-speed centrifugation of the
reaction mixture (target cells, effector cells, and
antibody) before incubation. This presumably
increased early cell-cell contact and accelerated
the ADCC reaction (Table 2, Fig. 3).
Comparison of murine ADCC against HSV-

infected syngeneic BL/6WT-3 target cells and
xenogeneic Chang liver target cells revealed no

major differences (Table 2). The syngeneic sys-
tem was more sensitive to small amounts of
antibody (Fig. 4) and displayed decreased
ADCC when high effector-to-target cell ratios
(200:1) of cells from HSV-infected mice (Fig.
3A) were used. The reason for this is not yet
clear. It is possible that there is an H-2 target-
restricted suppressor cell function operating at
high effector cell densities.
ADCC to syngeneic and xenogeneic cells me-

diated by cells from HSV-infected mice was

higher at all effector ratios tested when com-
pared with cells from uninfected mice (Table 2,
Fig. 3). The cells from infected mice also re-

quired considerably less antibody to mediate
ADCC (Fig. 4) and mediated ADCC more rapid-
ly (Fig. 7) than did cells from uninfected mice.
The increase in murine ADCC was not virus
specific, since cells from influenza infected ani-
mals also had increased ADCC effector cell
activity (Table 4).
Although there was no difference in the mor-

phological cell types (Table 5), being 95% mono-

cyte macrophages, or the percentage of cells
with high-affinity immunoglobulin Fc receptors
(6 to 8%) in HSV-infected and uninfected mice,
infected mice had markedly more peritoneal
cells and the cells displayed a higher metabolic
activity as measured by superoxide release upon
phagocytosis of opsonized zymosan or PMA
stimulation (Table 6). These results differ from
our previous experiments describing lower
ADCC in infected mice (14). The probable ex-

planation for this was the use of 100 times less
virus in these experiments.

TABLE 5. Peritoneal cell characterization'
Peritoneal cells from:

Characteristic Uninfected HSV-infected
mice miceb

% Lymphocytes" 5.1 ± 1.4 5.1 ± 1.2
% Monocyte macrophages' 94.9 ± 1.4 94.8 ± 1.2
% FcR positived 6.2 ± 0.4 8.7 ± 1.4

a Results are the mean ± SEM for six experiments.
b Infected 1 day before assay with HSV (2 x 104

PFU intraperitoneally).
c Determined by morphology.
d Cells positive for high-affinity immunoglobulin G

Fc receptors by the erythrocyte antibody rosette tech-
nique.
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TABLE 6. Superoxide release
Superoxide release' by

Stimulus
peritoneal cells from:

Uninfected HSV-infected
mice miceb

PMA (0.5 jig/ml) 5.97 ± 1.65 16.70 ± 4.03 <0.05
Opsonized zymo- 5.84 + 1.98 16.78 ± 3.74 <0.05

san (10 parti-
cles per cell)

a Results are mean ± SEM of four experiments and
are expressed as nanomoles of cytochrome c reduced
per 30 minutes per monolayer of 106 cells.

b Mice infected 1 day previously with HSV (2 x 104
PFU intraperitoneally).

c Significance of difference between superoxide re-
leases of cells from uninfected and HSV-infected
mice.

Although suppression of cellular immune
function by viral infection is a well-known phe-
nomenon (for review see reference 46), stimula-
tion of phagocytosis by HSV (1) and peritoneal
cell activation in mice by murine cytomegalovi-
rus and other viruses (4, 37) has been recently
reported. Similar early stimulation of ADCC
effector function has been recently documented
in a human with acute primary HSV infection (S.
Kohl, J. Infect. Dis., in press). The obvious
biological benefits of enhanced ADCC effector
function, more rapid kill and a need for fewer
cells and less antibody, is probably of particular
importance early in a primary viral infection
(Table 3). At this time antibody is just becoming
available, and other antiviral mechanisms, such
as T cell cytotoxicity, are not yet manifested.
The mechanism of, and possible link between,

the increased ADCC and metabolic activity is
under investigation. There is controversy re-
garding the role of the metabolic burst of phago-
cytic cells and the mechanism of ADCC (11, 18,
24, 43; C. F. Nathan, Fed. Proc. 41:2206-2211,
1982). In a human in vitro system, interferon can
stimulate macrophage ADCC (R. Reves, and S.
Kohl, manuscript in preparation). It is reason-
able to expect that interferons or other virus-
stimulated lymphokines are likely candidates to
explain increased in vivo ADCC function in
mice as well. It also remains possible that virus-
es can directly stimulate effector function or
mobilize pools of effector cells from other body
compartments to increase local effector cell
number and activity.
Murine NKC mediated by peritoneal cells

from uninfected mice to syngeneic or xenogene-
ic infected or uninfected cells was uniformly low
in a 6-h assay (Table 1). By using very high
effector-to-target cell ratios (200:1) NKC was
mediated to infected syngeneic cells (Fig. 2A).

As previously described, NKC to HSV- infected
Chang liver cells was detected in an 18-h assay
(14, 15). HSV infection, as also previously de-
scribed by us and others (2, 3, 14, 15, 27)
markedly increased NKC to all target cells at all
times and effector cell ratios analyzed (Table 1,
Fig. 1, 2, 5 and 6). NKC was highest to HSV-
infected BL/6WT-3 cells. This was not virus
specific since the BL/6WT-3 cells infected with
HSV were also preferentially lysed by murine
cells from influenza-infected animals (Table 4).
Increased murine NKC activity was not solely
due to increased fragility of these cells as may be
inferred from their high spontaneous chromium
leakage. There was no preference of murine
ADCC to BL/6WT-3 as compared with Chang
liver HSV-infected cells (Tables 2 through 4).
Recent reports have similarly demonstrated

preferential lysis of HSV-infected syngeneic tar-
get cells by rabbit effector cells (K. A. Storthz,
J. W. Smith, and L. A. Wilson, Fed. Proc.
41:571, 1982), and of HSV-infected syngeneic or
allogeneic murine cells by spleen cells from
HSV or vaccinia-infected mice (27). This has
been suggested to represent augmentation of
NKC by species-specific interferon production
by infected target cells (27). More finite identifi-
cation of the effector cell in this early, non-
antibody-mediated cytotoxicity is ongoing.
As recently reported, work with human antivi-

ral cellular cytotoxicity (S. Kohl and C. M.
Moore, Immunology, in press), the results of an
assay with syngeneic target cells in a murine
system confirm previous results with Chang
liver cells. Minor discrepancies in NKC activity
to syngeneic cells versus xenogeneic or alloge-
neic cells may make their inclusion in NKC
studies of some importance. The less favorable
target cell chromium leakage characteristics
would argue against their use in ADCC systems.
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