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Lymphoid cells from unstimulated normal C57BL/6J mice were shown to lyse
murine cytomegalovirus (MCMV)-infected syngeneic mouse embryo fibroblasts
but not uninfected mouse embryo fibroblasts. This cytotoxicity by mouse effector
cells was not restricted to MCMV-infected syngeneic cells since MCMV-infected
xenogeneic rat heart fibroblasts were also lysed. Characterization of the effector
cells mediating this cytotoxicity against MCMV-infected cells indicated that the
effector cells are similar to described natural killer (NK) cells mediating lysis of
tumor cells and virus-infected cells. Because of the described augmentation ofNK
activity by interferon, we examined the role of interferon in the NK reaction.
Although low levels of virus-induced interferon were detectable in supernatants of
MCMV-infected mouse embryo fibroblasts, no interferon was detectable in
supernatants of MCMV-infected rat heart fibroblasts, a target significantly more
sensitive to NK cytolysis than infected mouse embryo fibroblasts. We were able
to augment the NK reaction against MCMV-infected cells by in vitro treatments
with interferon. However, the amounts of interferon required for augmentation
were significantly greater than the amounts generated by infected target cells. In
vitro interferon-stimulated NK cells retained selective cytotoxic activity since
they continued to remain incapable of lysing uninfected target cells. MCMV-
infected rat heart fibroblasts induced more interferon and were also more
susceptible to NK activity than MCMV-infected mouse embryo fibroblasts. In
spite of this difference in interferon-inducing capacity, there was no augmentation
of cytotoxicity ofMCMV-infected mouse embryo fibroblasts when mouse spleno-
cytes were cocultivated with both target cells. Finally, when production of
interferon in the NK reaction was inhibited by the addition of actinomycin D, no
reduction of NK activity was seen. Our findings suggest that native mouse NK
cells can discriminate between MCMV-infected cells and uninfected cells, this
ability leading to the selective lysis of the virus-infected cells. Furthermore,
although we could demonstrate augmentation of NK activity by interferon,
interferon activation of NK cells may not be a necessary precondition for the
development of endogenous NK activity.

Cytotoxic lymphocytes reactive against a
number of tumor cell lines have been shown to
occur in normal nonimmune humans (11, 21, 23,
25, 30, 34), mice (6, 7, 8, 10, 13, 27, 35), and rats
(19, 28). This natural cell-mediated cytotoxicity
is mediated by lymphocytes which lack the
surface marker characteristics of either mature
B or mature T cells. Moreover, these cells do
not exhibit properties associated with mono-
cytes and macrophages. The effector cell in-
volved has been termed the natural killer (NK)
cell.

Findings from this laboratory have demon-
strated that human peripheral blood lympho-
cytes obtained from normal nonimmune donors
were capable of lysing cytomegalovirus-infected

human fibroblasts but did not produce cytolysis
of uninfected human fibroblasts (3). This reac-
tion occurred in the absence of specific cyto-
megalovirus antibodies. Peripheral blood lym-
phocytes demonstrated similar levels of lytic
activity against two continuous human cell lines,
HEp-2 and Chang, as well as P2 HR-1, an
Epstein-Barr virus-transformed lymphoid cell
line. On the basis of limited characterization
studies, it appeared that the cells active against
the virus-infected cells were similar to the effec-
tor cells mediating natural cytolysis of cell lines
derived from human tumors.

In this report we describe and characterize a
similar natural cytotoxicity by nonimmune
mouse lymphoid cells against target cells infect-
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ed with another member of the cytomegalovirus
group, murine cytomegalovirus (MCMV). The
effector cells mediating cytotoxicity of MCMV-
infected cells do not have surface marker char-
acteristics of a conventional B or T cell, a
finding consistent with those described for the
NK mouse tumor system.
Because of the recently described stimulatory

effects of interferon in natural cytotoxicity, we
have examined the role of interferon in the
mediation of the NK cytotoxicity of MCMV-
infected cells.

MATERIALS AND METHODS

Mice. C57BL/6J mice were purchased initially from
the Jackson Laboratory, Bar Harbor, Maine, and were
maintained in our laboratory. Both male and female
mice 1 to 2 months of age were used in the experi-
ments. BALB/c athymic nude mice were purchased
from Sprague-Dawley, Salem, Ohio.

Cell cultures. Primary C57BL/6J mouse embryo
fibroblast (MEF) cultures were prepared by trypsin-
ization of C57BL/6J embryos. The cells were seeded
and grown in flasks (Lux Scientific Corp., Newbury
Park, Calif.). Only primary, first and second passages
were used in the experiments. Rat heart fibroblasts
(RHF) were established from beating rat heart cell
cultures prepared as described by McCarl and Margos-
sian (18). The primary rat heart cultures were trypsin-
ized and passaged until monolayers offibroblasts were
established. The growth medium used for maintenance
of these cells and in the experiments was minimal
essential medium containing 10% heat-inactivated fe-
tal calf serum, 2 mM glutamine, 100 U of penicillin per
ml, 100 ,ug of streptomycin per ml, and 25 ,ug of
amphotericin B per ml. The RLd1 leukemia cell line
was obtained from Ronald Herberman, National Can-
cer Institute, Bethesda, Md. These cells were cultured
in vitro in RPMI 1640 medium containing 10% fetal
calf serum, 2 mM glutamine, 100 U of penicillin per ml,
100 ,ug of streptomycin per ml, and 25 S^g of amphoter-
icin B per ml.

Virus. The Smith strain ofMCMV obtained from the
American Type Culture Collection was used through-
out these experiments. Virus was prepared by infec-
tion of MEF monolayers. When most of the cells
displayed cytopathic effect, the cells and media were
freeze-thawed once; they were then centrifuged to
remove cell debris, and the supernatant was collected.
Samples of virus containing 10%o dimethyl sulfoxide
were stored at -70°C. The titer of the virus was
determined by a plaque titration method.
MCMV Infection of target cells. For infection of

MEF or RHF cells with MCMV, 1.6 x 106 cells were
seeded in 75-cm2 plastic flasks 1 day prior to infection
with virus. An inoculum of MCMV giving a multiplic-
ity of infection of 2.0 to 3.0 was then added to the cell
cultures, absorbed for 1 h at 37°C, and then removed.
Maintenance medium was added to the cultures, and
the cells were utilized 18 h later.

Uninfected control cell cultures were prepared in a
similar manner.

Cytotoxic assay. Cytotoxicity was determined by a
51Cr-release assay. Infected and uninfected target cells

were harvested by trypsinization and washed with
phosphate-buffered saline. These cells (5 x 106) in 0.5
ml of phosphate-buffered saline containing 5% fetal
calf serum and 100 jig of glucose per ml were then
incubated with 100 IuCi of Na251CrO4 (Amersham/
Searle, Arlington Heights, Ill.) for 1 h at 37°C. After
being washed three times with medium, 104 target cells
in 0.1 ml were dispensed into wells of a Micro Test II
plate (Falcon Plastics, Oxnard, Calif.). The dispensed
cells were incubated at 37°C in 5% CO2 for at least 1.5
h to allow the cells to adhere. After addition of effector
cells in a 0.1-ml volume, the plate was incubated for 18
h at 37°C in 5% CO2. When RLd 1 leukemia cells were
used as targets, the effector cells were added immedi-
ately, and the plate was incubated for 4 h at 37°C in 5%
CO2 on a rocker (5 cycles per min).

After incubation, the plate was centrifuged, and 0.1-
ml amounts of supernatants were removed and count-
ed in a gamma counter. Total releasable radioactivity
was determined by lysing target cells with 1% Triton
X-100. Spontaneous release was determined from tar-
get cells incubated with medium alone. The percentage
of 5tCr released by effector cells (referred to as
percent specific lysis) was calculated by the following
formula:

E cpm - spontaneous release cpm
total lysis cpm - spontaneous release cpm

where E is the supernatant from target cells incubated
with effector cells. All experiments were performed at
least in triplicate and in some cases in quadruplicate.

Preparation of effector cells. Single-cell suspensions
of mouse splenocytes were obtained by passage of
minced spleens through a stainless steel-wire mesh.
Contaminating erythrocytes were lysed by treatment
with Tris-buffered 0.75% ammonium chloride, pH 7.2,
for 4 min at 5°C. Since ammonium chloride lysis has
been reported to be toxic to NK cells (34) in a few
experiments, a 30-s distilled water treatment was
substituted to lyse the erythrocytes. However, no
significant increases in cytotoxic activity of effector
cells were noted.

Peripheral blood lymphocytes were prepared from
heparinized blood by the Ficoll-Hypaque gradient
technique (2).
Nylon-wool-column passage. Nylon-wool-column

passage was performed by the method of Julius et al.
(12).

Anti-theta treatment of spleen cells. A 2.5-ml volume
of a 1:10 dilution of AKR/J anti-C3H/HeJ ascites cells
(Litton Bionetics, Inc., Kensington, Md.) was incubat-
ed with S x 107 spleen cells for 30 min at room
temperature. After centrifugation, the supernatant was
poured off, and 3.0 ml of a (1:15) dilution of rabbit
complement (Low-Tox; Accurate Chemicals & Scien-
tific Corp., Hickville, N.J.) was added. After a further
incubation of 45 min at 37°C, the spleen cells were
centrifuged; they were then washed three times with
growth medium, and viability was determined with a
trypan blue dye exclusion test. This treatment was
found to lyse 30 to 35% of spleen cells and also to
reduce the blastogenic response to concanavalin A by
80o when compared with controls.
MCMV antisera. Mice received an intraperitoneal

injection of 106 PFU/ml of MCMV. At 3 weeks, they
received an equivalent booster injection, and they
were bled 2 weeks later. Antisera were tested by an
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indirect immunofluorescence assay and demonstrated
strong reactivity at a 1:80 dilution. The indirect immu-
nofluorescence test was conducted with MEF cells
grown on glass slides, infected with MCMV, and
acetone fixed 20 h postinfection. For the immunofluo-
rescence test, the infected cells were allowed to react
with dilutions of serum for 30 min at 37°C. After being
washed twice in phosphate-buffered saline, the cells
were allowed to react with an appropriate dilution of
fluorescein isothiocyanate-conjugated anti-mouse
immunoglobulin (Meloy Laboratories, Springfield,
Va.) for 30 min at 37°C. The slides were then washed
with phosphate-buffered saline, mounted in buffered
glycerol, pH 8.0, and examined.

Interferon assay. The quantification of antiviral ac-
tivity of interferon was performed as described by
Lvovsky and Levy (16). Antiviral activity was mea-
sured by the inhibition of the cytopathic effect of
vesicular stomatitis virus on L-929 monolayers. Anti-
viral units were expressed as the reciprocal of the
dilution causing a 50%o inhibition of the cytopathic
effect. All assays included a titration of a mouse
interferon standard (reference no. 6002-904-511, Na-
tional Institute of Allergy and Infectious Diseases,
Bethesda, Md.). Interferon titers were expressed in
terms of the reference standard. Interferon induced in
RHF by polyinosinic-polycytidylic acid was found to
have equal antiviral activity when assayed on either
RHF or L cells. Therefore, all subsequent assays for
rat interferon were conducted on L cells.

Interferon preparations. Mouse interferon made
from mouse fibroblasts was purchased commercially
(Calbiochem, La Jolla, Calif.). Lots 940048 and 940065
were used in our experiments.

RESULTS
Cytotoxic activity of lymphoid cells from non-

immune mice against MCMV-infected fibro-
blasts. Spleen cells obtained from 1- to 2-month-
old unimmunized C57BL/6J mice expressed
natural cytotoxicity against MCMV-infected
syngeneic fibroblasts (MCMV-MEF), but not
against uninfected MEF. Figure 1 shows a repre-
sentative experiment. The levels of MCMV-
MEF cytolysis varied from experiment to ex-
periment, ranging from 8 to 23% at a 100:1
effector cell to target cell ratio. In contrast to the
cytotoxicity levels seen against the MCMV-
MEF, uninfected MEF were not significantly
lysed by spleen cells, even at a 100:1 effector to
target ratio. It has been reported that mice
infected with MCMV are stimulated for NK
activity directed against MCMV-infected cetls
(22). However, these findings differ from our
observations in that cytotoxic cells were not
detected in spleens of uninfected mice.

In light of this, we investigated the possibility
that our findings were due to NK stimulation by
MCMV infection. It is known that mice, particu-
larly in the wild but also as part of breeding
colonies, may become chronically infected with
MCMV (17). To detect any NK stimulation due
to inapparent MCMV infection, we tested mice
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FIG. 1. Natural cytotoxicity of normal C57BL/6

mouse spleen cells against MCMV-MEF (0) and
against uninfected fibroblasts (0).

randomly for antibody to MCMV by an indirect
fluorescent-antibody procedure. No antibody
was detected. In addition, we attempted repeat-
edly to isolate MCMV from salivary glands, a
sensitive indicator of chronic MCMV infection
(24). In no case was MCMV recovered from
experimental animals. Therefore, the selective
lysis of MCMV-infected cells appears to reflect
endogenous NK activity and not an activation of
NK activity by chronic infection.
MCMV, in contrast to other members of the

cytomegalovirus group which demonstrate limit-
ed host-range specificity (14), has been found
capable of infecting a wide range of cells. In the
course of other studies, we observed that
MCMV could produce a productive infection in
the xenogeneic RHF (unpublished data). This
observation permitted us to examine the ques-
tion of whether the cytotoxic reaction by mouse
lymphocytes was species restricted. As can be
seen in Fig. 2, MCMV-infected xenogeneic fi-
broblasts (MCMV-RHF) were readily lysed by
murine lymphocytes and, unexpectedly, the lev-
el of lysis was significantly greater than that
observed with MCMV-infected mouse cells.

Characterization of the effector cell population.
We examined the surface membrane character-
istics of the cytotoxic effector cells. Nylon-
wool-column absorption treatment resulted in
the removal of 85% of the lymphocytes bearing
surface immunoglobulin as determined by im-
munofluorescence. However, as shown in Table
1, the nonadherent cell population showed no
loss of activity and actually had slightly greater
cytotoxic activity than did untreated cells. Dele-
tion of theta-bearing cells also failed to remove
cytotoxic activity. There was no significant loss
of cytotoxic activity when anti-theta- and com-
plement-treated spleen cells were compared
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FIG. 2. Natural cytotoxicity of normal C57E
mouse spleen cells against MCMV-RHF (0)
against uninfected RHF (0).

with spleen cells receiving no treatment or ti
ment with complement alone (Table 1).
cytotoxic activities of spleen cells from r
mice are shown in Table 2. As can be seen
levels of activity of splenic cells from ath3
mice were similar to those observed
C57BL/6J mice. Moreover, splenic lymphoc
from both C57BL/6J mice and athymic I
mice were effective in expressing cytotox
against a known NK-sensitive murine leuk4
target cell.
Role of interferon in NK cytotoxicit]

MCMV-infected cells. It has been establi4
that interferon enhances endogenous NK ac
ty (5, 31). Because of this it was crucia
resolve whether the NK activity noted in t]
experiments was due simply to nonspecific
vation of NK cells responding to virally indi
interferon present in the reaction mixture
whether NK activity was due to the recogn:
and response ofNK cells to virally modified
surface membranes. To distinguish betv
these two possible mechanisms, we comp
the levels of interferon necessary for NK
mentation to the levels of interferon elabor
by virus-infected cells.
To assess the amount of interferon prodi

by the target cells as a result of viral infeci
we prepared infected and noninfected cells
incubated them for 18 h. After incubation,
supernatants were harvested and assayed
interferon (Table 3). Only in the supernatai
MCMV-MEF were low levels of interferon,
8 U, detected. No interferon was detecte
supernatants of MCMV-RHF even though t

T cells had been shown to be more sensitive to
NK-mediated lysis than were the MCMV-MEF.
We also assayed for interferon production

when the target cells were incubated in the
presence of mouse splenic effector cells. As can
be seen in Table 3, interferon was detected only
when the effector cells were cultured with the
NK-sensitive target cells, i.e., MCMV-MEF,
MCMV-RHF, and RL 1. In contrast, no inter-
feron was detected when the splenocytes were
incubated with the uninfected fibroblasts. These
findings confirm reports by others that mouse
splenic cells are induced to generate interferon
only when cultured in the presence of NK-
susceptible tumor target cells (31).
Although only low levels of interferon were

detected in supernatants of MCMV-infected cell
cultures, it may have been possible that such
low levels of interferon might have been suffi-
cient to activate NK cells. Therefore, we inves-
tigated the cytotoxic ability of splenocytes acti-

and vated in vitro with interferon. Splenocytes from
n both C57BL/6J and CBA/J mice were preincu-

bated with various concentrations of interferon
(4) and assayed for cytotoxic activity. The CBA/

reat- J mice were included because of their greater
The interferon-induced NK activity (4). As shown in
iude Table 4, we found that the NK reaction against
, the MCMV-RHF and RLc1 could be augmented
ymic only by additions of relatively high concentra-
with tions of interferon. When only 100 U of interfer-
,ytes on was used, however, no augmentation was
nude seen. Therefore, it appears that the low levels of
icity virus-induced interferon, i.e., 8 U, found in the
emia supernatants of MCMV-MEF cell cultures

would not be sufficient to mediate NK stimula-
y of tion. The addition of interferon had no effect on
shed cytolysis of uninfectcd cells. Even when 2,000 U
:tivi- of interferon was added, a concentration which
il to augmented cytotoxicity against the NK-suscep-
hese tible cells MCMV-RHF and RLd 1, no cytolysis
acti- of uninfected RHF cells was seen.
uced As shown in Table 3, mouse splenocytes were
s or
ition
I cell
veen
bared
aug-
ated

uced
tion,
and

, the
I for
nt of
i.e.,
d in
hese

TABLE 1. Characterization of splenic effector cells
mediating natural cytotoxicity of MCMV-infected

cellsa

Treatment Specific lysis of MCMV-MEF (%)
100:1 50:1

Untreated 18.3 ± 2.9 8.0 ± 0.9
Nylon column 26.6 ± 3.2 9.0 ± 1.6

Untreated 17.7 ± 1.3 12.7 ± 1.6
Complement 16.0 ± 0.6 14.9 ± 1.8
Anti-theta + 14.5 ± 2.7 11.2 ± 1.2
complement
a Effector to target cell ratios of 100:1 and 50:1 were

used. Each number represents the mean percentage of
specific lysis ± 1 standard error.
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TABLE 2. Cytotoxic reaction of spleen cells from normal C57BL/6J and BALB/c nude mice against MCMV-
infected cells and a mouse leukemia cell linea

Effector cells

Target cell C57BL/6J BALB/c nude
100:1 50:1 100:1 50:1

MCMV-MEF 10.5 ± 1.0 7.6 ± 2.1 12.8 ± 0.9 5.4 ± 2.2
MEF 4.6 ± 2.8 2.5 ± 1.6 4.2 ± 0.6 2.0 ± 1.8

MCMV-RHF 27.1 ± 0.5 22.8 ± 1.3 21.4 ± 0.9 19.4 ± 0.3
RHF 12.4 ± 0.8 6.6 ± 0.6 5.5 ± 0.3 5.2 ± 0.2

RLd 1 16.3 ± 0.8 9.9 ± 0.3 28.8 ± 0.3 11.0 ± 0.1

a Effector to target cell ratios of 100:1 and 50:1 were used. Each number represents the mean percentage of
specific lysis ± standard error.

induced to elaborate interferon when cultured
with MCMV-infected target cells. Considerably
more interferon was induced by mouse lympho-
cytes cultured with infected RHF than with
infected MEF. We have shown that MCMV-
RHF were substantially more sensitive to NK-
mediated cytolysis than were MCMV-MEF,
suggesting that the increased elaboration of in-
terferon may have resulted in greater NK stimu-
lation and therefore greater cytolysis. Because
of this we examined whether splenocyte-gener-
ated interferon (or other soluble factors) could
stimulate lysis.

In preliminary experiments (not cited) in
which we used the supematants from mixtures
of virally infected cells cultured with mouse
splenocytes, we were unable to augment NK
activity. However, it was possible that humoral
NK activators may have been labile and may
have been inactivated during the collection pro-
cedure. Therefore, we examined NK cytotoxic-
ity by mouse splenic cells of 51Cr-labeled
MCMV-MEF of low NK susceptibility coculti-
vated with an equal number of unlabeled highly
NK-susceptible MCMV-RHF. If the greater NK
susceptibility of MCMV-RHF was due to non-
specific activation of NK cells by interferon or
other soluble factors, it would be expected that
cocultivation of MCMV-RHF with MCMV-
MEF would have resulted in augmented NK
activity against the MCMV-MEF. As shown in
Table 5, even though the MCMV-RHF were
readily lysed, the presence of the same cells
within the reaction did not enhance the cytolysis
of the less susceptible MCMV-MEF. Therefore,
the greater susceptibility of MCMV-RHF (as
well as the relative insensitivity of MCMV-
MEF) to NK lysis does not appear to be related
to their ability to induce interferon or another
NK activator(s) in mouse splenocytes.
To further examine the role of interferon, we

studied the effect of actinomycin D, an antime-
tabolite that inhibits interferon production (15),

on the endogenous NK activity. Accordingly,
we measured interferon production and NK
cytotoxicity of splenic effector cells when cul-
tured with 18-h-old MCMV-infected RHF tar-
gets in the presence of actinomycin D. As can be
seen in Table 6, treatment with actinomycin D
reduced interferon production by greater than
95%. However, no loss ofNK cytotoxic activity
was observed under the same conditions. In
other experiments not shown, the same concen-
trations of actinomycin D had no effect on NK
cytotoxicity of RL 1 cells.

DISCUSSION
In this study the effector cell present in un-

stimulated mice that mediates lysis of MCMV-
infected cells has been characterized as a popu-
lation of lymphocytes similar if not identical to
mouse NK cells, described by others, which are

TABLE 3. Development of interferon in MCMV-
infected cell cultures in the presence or absence of

mouse splenic effector cellsa

Interferon detected (U)
Cell

Media SOEb
MEF <4 <4
MCMV-MEF 8 60
RHF <4 <4
MCMV-RHF <4 400
RL6 1 <4 20
Media <4

a Eighteen-hour-old infected or noninfected target
cells were prepared as described in Materials and
Methods. One-milliliter samples containing 2.8 x 105
cells were seeded into 35-mm plastic tissue culture
dishes and allowed to attach for 1 h. After this, 1.0 ml
containing 1.4 x 10' effector cells (50E) or 1.0 ml of
medium alone was added. The supernatants from
these cultures were harvested after 18 h of incubation
at 37°C and assayed for interferon as described in
Materials and Methods.

b 50E, 50:1 effector to target cell ratio.

9VOL. 35, 1982
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TABLE 4. Augmentation of NK cytotoxicity by mouse interferon'
Specific lysis (%)

Effector cells Interferon (U) RHF MCMVRHF RLC 1

C57BL/6J None 3.9 ± 0.8 11.4 ± 0.9 7.3 ± 0.2
2,000 2.2 ± 1.2 14.8 ± 0.2b 11.3 ± 0.6c
100 3.3 ± 0.6 11.7 ± 0.5 7.5 ± 0.6

CBAIJ None 4.5 ± 0.8 10.1 ± 0.5 2.6 ± 0.3
2,000 5.2 ± 1.7d 15.1 ± 1.1c 10.9 ± 0.8c
1,000 6.7 ± 1.7d 13.7 ± 0.2c 7.7 ± 0.5b
100 4.6 ± 0.9 9.0 ± 1.8 3.5 ± o.5d

aC57BL/6J splenic effector cells were prepared as described in Materials and Methods. The cell concentration
was adjusted to 101 cells per ml, and 0.2-ml samples were incubated with 0.2-ml volumes of either medium
containing interferon or medium alone for 1 h at 37°C. After this, the cells were diluted to 5 x 106 cells/ml, added
to MCMV-infected and uninfected RHF as well as the mouse leukemia cell line RLd 1, and assayed for NK
cytotoxicity at an effector to target cell ratio of 50:1.
P< 0.05.

C p < 0.01.
d Not significant.

active against a variety of target cells including
tumor cells and certain virally infected cells (1,
9, 10, 13, 22, 26, 33).

It has been established that interferon can
stimulate NK reactivity both in vitro and in vivo
5, 31). Since the susceptible target cells in our
system were virus-infected cells, it was conceiv-
able that the virus infection had induced the
production of interferon, which in turn could
have activated nonspecific NK activity.
Our results do not indicate this to be the case.

First of all, only very small amounts of interfer-
on could be detected from the supernatants of
infected cells, in agreement with reports by
others showing that MCMV is a poor inducer of
interferon (20). Furthermore, no interferon was
detected from supernatants of infected RHF, in
spite of the greater susceptibility of these cells to
NK-mediated cytolysis. In addition, attempts to
augment the NK reactivity by preincubation of
splenocytes with interferon were successful only
when large amounts of interferon were added,
significantly more than was generated by viral
infection of the target cell.

TABLE 5. NK cytotoxicity of MCMV-MEF when
cultured in the presence of MCMV-RHF"

Target cells Specific lysis (%)
MCMV-MEF 12.2 ± 1.0
MCMV-MEFb + MCMV-RHF 12.3 ± 0.8
MCMV-RHF 52.5 ± 1.0

I Cytolysis of MCMC-MEF by splenocytes was
measured when cultured in the presence of the
MCMV-RHF. Labeled MCMV-MEF (104 cells per
well) were mixed with an equal number of unlabeled
MCMV-RHF, and the cytolysis by splenic effector
cells (100:1) was assayed.

b"5Cr-labeled.

When splenocytes from nonimmune mice
were incubated with virus-infected cells, inter-
feron was readily detected. However, no inter-
feron was detected from supernatants of similar
splenocytes cultured with noninfected fibro-
blasts. These results confirm the report by San-
toli et al. (26) that only NK-sensitive target cells
were able to induce interferon production by
NK cells.

If interferon induced as a result of the reaction
ofNK cells with MCMV-RHF were responsible
for the greater level ofNK cytolysis seen against
this target, it would be reasonable to expect
enhancement of the killing of MCMV-infected
mouse cells in the cocultivation experiments
cited in Table 4. That is to say, if the interferon
generated was sufficient to activate greater cyto-
lytic activity ofNK cells against the infected rat
cell target, these same effectors should have had
increased cytolytic activity against the MCMV-
MEF in the cocultivation experiments. More-
over, we found that splenocyte interferon pro-
duction during the NK reaction could be
inhibited by actinomycin D. In spite of a greater
than 95% loss of interferon in the reaction mix-
ture, no reduction of NK cytolysis was seen.
Therefore, on the basis of these findings, it
appears unlikely that the NK-mediated cytotox-
icity of virus-infected cells is due to nonspecific
activation by induced interferon, as has been
suggested by others (32). This interpretation is
supported by the findings of Djeu et al. (4) that
the presence of interferon antiserum does not
decrease the spontaneous levels ofNK cytolysis
of mouse tumor cells. However, we cannot
exclude the possibility that the endogenous NK
activity observed in our experiments may have
resulted from preactivated NK effector cells
stimulated by interferon in vivo.
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TABLE 6. Effect of actinomycin D on interferon production and NK cytotoxicity of MCMV-RHF

..

- - -A- Specific lysis (%)
Fffector cell treatment0 Interferon (I B

1OOEC SOEC

Medium 100 25.3 ± 2.5 16.6 ± 0.8
Actinomycin D, 0.5 ,ug/ml <4 27.4 ± 1.3 17.3 ± 0.8
Actinomycin D, 0.25 pg/ml 8 25.0 ± 0.6 16.0 ± 1.9

a Splenic effector cells were prepared as described in Materials and Methods and adjusted to 107 cells per ml.
Samples of cells were incubated with medium containing 0.5 or 0.25 ,ug of actinomycin D per ml for 2 h at 37°C.
The pretreated effector cells were then diluted in medium containing the same concentrations of actinomycin D
and were assayed for NK activity in the presence of the inhibitor.

b Supernatants from 50:1 effector-target cell mixtures along with an interferon control were dialyzed against
phosphate-buffered saline to remove actinomycin D, which would interfere with the interferon assay. No loss of
interferon activity was detected in interferon control preparations after similar dialysis.

c Effector to target cell ratios of 100:1 and 50:1.

In discussing the selective lysis of MCMV-
infected cells, it becomes necessary to differen-
tiate between the cytotoxicity reported after in
vivo activation with a number of potent interfer-
on inducers (5, 33) and the low endogenous
levels normally found in unstimulated animals.
Thus, stimulated NK cells obtained after
LCMV infection demonstrate a broad indis-
criminate spectrum of cytolysis directed against
both normal, uninfected primary fibroblasts and
tumor cells (33). However, it appears that, in
contrast to interferon-stimulated NK cells (29),
mouse NK cells from normal, unstimulated mice
display some selectivity in their cytolytic activi-
ty against tumor cells (10, 13). Similarly, our
findings indicate that endogenous NK cells ex-
press selective recognition and lysis of MCMV-
infected cells while sparing uninfected cells.
Moreover, our findings suggest that this selec-
tive process of NK-mediated cytolysis is not
necessarily predicated on prior interferon acti-
vation of NK effector cells.
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