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The cellular immune response to cyto-
megalovirus (CMV) infection in man has
not been well defined. However, the impor-
tance of cellular defenses is suggested by the
association of severe CMV infections with
immune-deficiency states and immuno-
suppression (1).

Several studies have delineated various
cellular cytotoxic mechanisms capable of the
destruction of cells infected by other mem-
bers of the Herpes virus group. For exam-
ple, antibody-dependent cell-mediated cyto-
toxicity (ADC) has been implicated in the
immune elimination of Herpes simplex virus
(HSV)-infected cells (2, 3). Hutt et al. (4)
demonstrated the cytotoxicity of normal hu-
man leukocytes for Epstein-Barr virus
(EBV)-transformed human lymphoblastoid
cell lines which was increased in patients
convalescing from infectious mononucleo-
sis. Our experiments were undertaken to
evaluate the possible role of various cell-
mediated cytotoxic mechanisms in the de-
struction of target cells infected with CMV.

In this study, using human peripheral
blood mononuclear cells from normal non-
immune donors, we observed the unex-
pected lysis of CMV-infected human fibro-
blasts. The observed lysis of CMV-infected
human fibroblasts appeared to resemble de-
scriptions of “‘spontaneous” cytolysis of sev-
eral cell lines by nonimmune lymphocytes
(5-9). Therefore, lysis of CMV-infected fi-
broblasts is compared with activity against
three “‘transformed” human cell lines.

Materials and methods. Human neonatal
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foreskin fibroblast (FS) cell cultures and
stocks of CMV strain AD-169 were pre-
pared as previously described (10). During
the course of the experiments, four different
preparations of FS cell cultures were used.
CMV-infected FS cells were prepared in two
manners. Monolayers of FS were infected
with trypsin-dispersed infected cells (at a
1:3 ratio of infected: noninfected cells) and
used 3 to 6 days later when infection was
nearly complete. For infection with free vi-
rus, 24-hr-old FS cells were infected at a
multiplicity of infection of 1 and utilized 24
to 72 hr later. Uninfected FS cells were
grown in a similar manner. These, as well as
the HEp-2 and Chang cell lines, were grown
in Eagle’s Minimal Essential Medium sup-
plemented with 1% glutamine, 100 U/ml
penicillin, 100 wg/ml of streptomycin, 2.5
ug/ml of amphotericin B, and 10% fetal calf
serum. The omission of amphotericin B in
some experiments did not alter the observed
cytolysis. Suspension cultures of the P2ZHR-
1 cells (11), an EBV-transformed lymphoid
cell line, were grown in RPMI 1640 me-
dium supplemented with 10% fetal calf se-
rum.

Monolayer cultures of target cells were
suspended by incubation with 0.05% tryp-
sin in 0.05% EDTA for 5 min. All futher
cell incubations were performed in RPMI
1640 medium (Hepes-buffered) supple-
mented with 10 mM 1-glutamine, 100 U/ml
of penicillin, 100 wg/ml of streptomycin,
and 5% agamma or normal fetal calf serum.
Viable target cells (5 X 10%/ml) in 1 ml of
medium were labeled with 100 uCi of Na,
51CrQ, for 1 hr at 37°. After washing four
times, target cells were counted using trypan
blue, and 5 X 10* target cells were dis-
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47-mm glass (Becton Dickinson, Ruther-
ford, New Jersey), which had been washed
with deionized water and autoclaved before
use. Tubes with labeled target cells were
incubated at 37° for 3 hr to permit forma-
tion of a stable monolayer.

Human peripheral blood was obtained
from 14 normal donors with complement
fixation (CF) titers of less than 1:8 to CMV
and one patient convalescing from CMV
mononucleosis (documented by a fourfold
CF titer rise). To verify further the immuno-
logic status of donors, sera were tested by
the more sensitive (12, 13) indirect fluores-
cent antibody (IFA) technique (10). This
was modified from our earlier procedures by
using 24-hr-old CMV-infected fibroblasts to
minimize confusion of anti-viral nuclear an-
tibodies with cytoplasmic IgG-Fc receptors,
which become maximal at 72 hr after infec-
tion. Of 11 donors tested by IFA, only one
was positive, at a 1:4 dilution. Fresh cord
blood was obtained after normal deliveries.
Most blood was defibrinated with glass
beads, but some samples were heparinized
with no discernible effect on results. Mono-
nuclear cells were separated using Hy-
paque-Ficoll as outlined by Béyum (14). In
some cases, phagocytic cells were elimi-
nated by modifications of the techniques of
Lundgren et al. (15). Blood was mixed in a
siliconized flask with 1 mg/ml of carbonyl
iron (GAF, Manchester, England) which
had been sonicated just before use. Flasks
were incubated on a rocking platform for 60
min at 37° and were swirled by hand every 5
min to ensure further, mixing. After re-
peated passages through a magnetic field,
the remaining lymphocytes were separated
by Hypaque-Ficoll. After neutral red or la-
tex particle ingestion, only 0.5-1.5% phag-
ocytic cells remained. T-cell enriched popu-
lations were prepared according to the tech-
nique of Julius et al. (16). After Hypaque-
Ficoll separation, mononuclear cells were
diluted in MEM containing 5% fetal calf
serum and incubated at 37° for 45 min in
columns containing washed, sterile, nylon
wool (LP-1 Leuko-Pak Leukocyte Filters,
Fenwall Laboratories, Morton Grove, Il1.).
Effluent cells were washed three times be-
fore use.

Leukocytes were suspended in RPMI
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1640 (Hepes-buffered and supplemented as
outlined above) with 5% fetal calf serum
and added to °'Cr-labeled target cells. The
final volume in each tube was adjusted to
0.8 ml with medium. After an 18-hr incuba-
tion at 37°, 0.4 ml of the supernate was
carefully removed from each tube, and
counted in a gamma counter. The total re-
leasable radioactivity from each group of
target cells was determined using specimens
lysed with 1% Triton X-100. Spontaneous
51Cr release was determined from tubes con-
taining no effector cells. The percentage of
specific lysis was computed as: (mean >'Cr
release in test group — mean spontaneous
31Cr release)/(mean 3!Cr release after total
lysis — mean spontaneous *'Cr release) X
100. All experiments were performed in
triplicate.

Results. In initial experiments using leu-
kocytes from 14 normal donors. the maxi-
mum specific lysis of 32.3 + 4.2% (mean =
SE) CMV-infected FS cells was observed.
Maximum cytolysis occurred at effec-
tor:target cell ratios of 100-400:1. How-
ever, at the target cell numbers (5 x 103
cells/tube) used in these experiments, it was
found that uninfected FS cells sponta-
neously released unacceptably high percent-
ages of 1Cr. Using a 10-fold greater density
of target cells (5 X 10%tube), both CMV-
infected and uninfected FS cells proved
more stable; spontaneous 3'Cr release, in
the absence of effector leukocytes, was
15.9-32.7% after 18 hr.

Using this greater target cell density,
CMV-infected FS cells were lysed by leuko-
cytes from normal adults, whereas unin-
fected fibroblasts were not (Table I). Cytol-
ysis of CMV-infected FS cells was propor-
tional to the number of effector cells present
at effector:target cell ratios of 6.25-50:1,
but declined at higher ratios. An examina-
tion of the time course for the development
of susceptibility to cytotoxicity after CMV
infection demonstrated lysis as early as 24
hr postinfection. Similar levels of lysis were
observed in 24- and 72-hr-old infected FS
cells (50.1 and 58.2%, respectively).

In order to determine if the observed cy-
totoxicity is present from birth, lysis of
CMV-infected FS cells by cord blood mono-
nuclear leukocytes was studied. It was found
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TABLE 1. CyroLysis oF CMV-INFECTED AND UNINFECTED FIBROBLASTS BY LEUKOCYTES.

Specific lysis at the following ratios of leukocytes:target cells®

Source of leukocytes

Target cell (number tested) 50:1 25:1 12.5:1 6.25:1
Fibroblasts Normal subjects (14) 6 +0.8 4.8 0.9 46 1.4 59=x23
CMV-infected fibro-  Normal subjects (14) 53.8+39 42344 216x38 11.8=x21

blasts
CMV-infected fibro-  Cord blood (3) +1.7 8.9 3.2 6.9 £ 4.8 43 =15
blasts

¢ Percentage of *'Cr release + SE.

that cord blood leukocytes induced only
minimal lysis of CMV-infected fibroblasts
(Table 1). Since active CMV infection might
be expected to enhance cellular immunity to
CMV-infected target cells, we studied one
patient convalescing from CMV mononucle-
osis. At the time of study (4 weeks after
onset), his leukocytes lysed CMV-infected
cells at the mean rate of leukocytes for nor-
mal subjects.

Because of the known importance of
ADC in destruction of HSV-infected cells,
we studied the role of specific antibody in
this reaction. Anti-CMV antibody (1:10 di-
lutions of two sera from convalescent pa-
tients with 1:320 and 1:1024 CF titers) did
not augment cytotoxicity. In contrast,
Chang cell lysis was markedly augmented by
rabbit anti-Chang cell antibodies (two- to
threefold increased lysis at effector:target
cell ratios of 25-50:1, as well as significant
antibody-dependent lysis at ratios as low as
3-7:1). Moreover, we noted no reduction in
the levels of cytotoxicity of CMV-infected
cells when the reactions were carried out in
the presence of specific viral antibody. Be-
cause CMYV infection induces the develop-
ment of an IgG-Fc receptor in FS cells (10),
we studied the possibility that y-globulin
present in fetal calf serum might mediate
ADC. In eight experiments using agamma
fetal calf serum substituted for fetal calf se-
rum, no difference in cytotoxicity was
noted.

Leukocytes were further separated in or-
der to study the nature of the effector cell
active in the spontaneous lysis of CMV-in-
fected target cells. In two experiments,
treatment of Hypaque-Ficoll-separated leu-
kocytes with carbonyl iron and a magnet to
remove phagocytic cells did not change cy-
totoxicity. Hypaque-Ficoll-separated leuko-

cytes were then passed through a nylon wool
column. This almost totally depleted immu-
noglobulin-bearing cells (determined by di-
rect immunofluorescence using a polyvalent
goat anti-human immunoglobulin serum).
In two experiments, this resulted in 52 and
60% decreases in cytotoxicity compared
with Hypaque-Ficoll-separated leukocytes.

The lymphocyte-mediated spontancous
lysis of the CMV-infected FS cells observed
in these studies appeared to resemble de-
scriptions of lysis of transformed cell lines.
Therefore, further studies were done to
compare the lysis of different cell lines by
leukocytes from normal donors. In general,
the lysis of CM V-infected FS cells was in the
same range as the lysis of three transformed
human cell lines, i.e., HEp-2, Chang, and
P3HR-1 (Table II).

Discussion. The results presented here
demonstrate that human peripheral blood
leukocytes from nonimmune donors are ca-
pable of injuring CMV-infected human fi-
broblasts. No such cytotoxicity was ob-
served when similar effector cells were com-
bined with uninfected target cells. Effector
cells from all 14 normal donors tested dem-
onstrated this nonspecific cytotoxicity.
Moreover, the cytotoxic effect did not ap-
pear to be mediated by T cells, and it oc-
curred independent of the presence of spe-
cific anti-viral antibodies. These findings
suggest that this activity is not directed
against the wiral antigens displayed on the
surface of CM-infected cells. Rather, it may
be directed against some modification of the
cell surface induced as a result of the virus
infection.

Recent findings from this laboratory (10)
and others (17) have shown that CMV in-
fection induces the formation of an IgG-Fc
receptor in human cells. This IgG-Fc recep-
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TABLE II. CoMpaRriSON OF CyToLYSiS OF CMV-INFECTED FiBROBLASTS WITH CyTtoLysis oF HuMaN CELL
LINES BY LEUKOCYTES FROM NORMAL SUBJECTS.

Specific lysis at the following ratios of leukocytes:target cells®

Target cell (number of experiments) 50:1 25:1 12.5:1 6.25:1
CMV-infected fibroblasts (14) 53.8 3.9 423+ 4.4 21.6 + 3.8 11.8 2 2.1
HEp-2 (14) 412 =45 263 5.4 169 =54 21=x59
Chang (2) 42.5 29.2 11.5 2.9
P3HRI, EBV-transformed (1) 45.2 41.3 29.9 15.9

@ Percentage of *'Cr release + SE.

tor is present on cell surfaces and has been
detected in tissue culture fluids as early as
24 hr postinfection (18). If IgG aggregates
or immune complexes are present and react
with IgG-Fc receptors on CMV-infected
cells, they might then be expected to react
with the IgG-Fc receptors of ADC cells.
Therefore, one possible mechanism for this
apparent natural cytotoxicity may be
through the linking of ADC effector cells to
virus-infected target cells. In fact, such a
mechanism has recently been proposed to
account for the natural cytotoxic effect dem-
onstrated by normal murine macrophages
against HSV-infected mouse neuroblastoma
cells (19). However, the mediation of ADC
by IgG complexes in our system would seem
unlikely, based on our findings of equal lev-
els of cytotoxicity when experiments were
conducted in the presence or absence of
IgG, i.e., agamma calf serum. Nevertheless,
this possibility has not been totally excluded
since the effector cell population contained
B cells which conceivably, might have pro-
duced IgG. The hypothetical role of IgG
microaggregates and ADC effector cells in
this system would be consistent with our
finding that nylon wool column-purified
lymphocyte populations depleted of B lym-
phocytes demonstrated a 50 to 60% de-
crease in cytotoxic activity. We are currently
studying ADC as a possible mechanism for
natural cytotoxicity in this system.

The cytotoxicity developed by human leu-
kocytes against CMV-infected cells appears
to be similar to the nonspecific cytotoxicity
observed with the three transformed human
cell lines examined. On the basis of the
present data, we are unable to conclude that
the surface signal produced by the CMV
infection is similar to that present on human
transformed cell lines. However, it is of in-

terest to note that CMV-infected cells dem-
onstrate some alterations of the cell surface
which are characteristic of transformed
cells. Thus, although uninfected human fi-
broblasts are unable to replicate in media
containing agarose, CMV-infected human
diploid fibroblasts acquire the ability to
grow into small colonies in the presence of
agarose (20). Furthermore, human fibro-
blasts infected with CMV assume an epithe-
lioid conformation and continue active divi-
sion during the first few days following in-
fection, prior to undergoing cellular lysis
(personal observations). CMYV infection
stimulates host cell DNA synthesis, an im-
portant characteristic shared with oncogenic
DNA viruses (21). Indeed, CMV has been
shown capable of inducing oncogenic trans-
formation of hamster embryo fibroblasts
(22) and human embryo lung cells (23). On
this basis, it is tempting to speculate that the
natural cytolysis of CMV-infected cells is
directed against an early alteration of cell
membranes common to several types of hu-
man transformed cells.

Two serologic parameters failed to detect
evidence of previous immunologic experi-
ence with CMV in all but one normal donor.
Nevertheless, lymphocytes from that donor
and one CMV convalescent donor did not
demonstrate greater cytotoxicity against
CMV-infected fibroblasts than cells from
nonimmune donors. Cytolysis of CMV-in-
fected fibroblasts closely paralleled the lysis
of three transformed cell lines. On this
basis, the ineffectiveness of peripheral
blood leukocytes obtained from cord blood
to serve as cytotoxic effector cells suggests
the involvement of an immunologic re-
sponse to altered cell surface antigens rather
than a direct response to viral antigens. Al-
ternatively, this may be explained by the
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functional prematurity of the effector cell
population responsible for this natural cyto-
toxicity. However, it should be noted that
these results differ from results reported by
Pross and Jondal (6) who noted the cytolysis
of human cell lines by cord blood lymphoid
cells, though their data is not reported in
detail.

The biological significance of sponta-
neous cytotoxicity is unclear. Nevertheless,
the failure of leukocytes to lyse normal fi-
broblasts in our studies suggests a possible
role for spontaneous cytotoxicity in normal
surveillance against virus-infected and trans-
formed cells in man.

Summary. Peripheral blood leukocytes
from 14 healthy, nonimmune, human do-
nors were capable of destroying CMV-in-
fected human fibroblasts, but non unin-
fected fibroblasts. Antibody did not appear
to mediate the response. Cytotoxicity in a
similar range was noted when three trans-
formed human cell lines were used as target
cells. Unlike adult leukocytes, leukocytes
separated from three samples of cord blood
were ineffective in destroying CMV-in-
fected target cells.
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cord blood and Ricki Peitchel for technical assistance.
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