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ABSTRACT Human peripheral blood non-T cells, T cells,
and their subpopulations (TM, T-y, To, Ty-depleted cells, and
TM&-depleted cells) were assayed for their capacity to mediate
spontaneous lymphocyte-mediated cytotoxicity (SLMC) or
natural killer activity against K562 tumor cell line and anti-
body-dependent cellular cytotoxicity (ADCC) against chicken
erythrocytes coated with antibody. Non-T cells, unseparated T
cells, Ty cells, and TM-depleted (T-y-enriched) cells were found
to have both SLMC (NK activity) and ADCC. TM&, To, and T-y-
depleted cells had minimal or no SLMC and ADCC activity.
This study demonstrates that SLMC and ADCC activity in T
cells is mediated by Ty cell subpopulations. These two cytotoxic
reactions were either mediated by two distinct subsets of Ty
cells or by a single effector cell using two different mecha-
nisms.

Human T lymphocytes are subdivided, according to the pres-
ence of receptors for immunoglobulin, into T lymphocytes with
receptors for IgM (Tg) or for IgG (T'y) and T cells lacking re-
ceptors for either JgM or IgG (TO) (1). T~t and Ty cells have
been the subject of recent reviews (2-4) and are distinct with
regard to their morphology, histochemical characteristics, re-
sponse to phytomitogen, sensitivity to irradiation and cortico-
steroids, distribution in organs, RNA content, chemotactic
properties, and lymphokine production as well as their im-
munoregulatory role in differentiation of B cells to plasma cells
(1, 5-11). An imbalance of proportions of Tgt and Ty cells has
been reported in both primary and secondary immunodefi-
ciency disorders (12-18). Recently, abnormalities of anti-
body-dependent cell-mediated cytotoxicity (ADCC) and
spontaneous lymphocyte-mediated cytotoxicity (SLMC) have
been reported in patients with certain primary immunodefi-
ciencies or with certain malignancies (19-25). The cell-med-
iated immune responses to tumors are quite complex because
of the findings that T cells, non-T cells, and macrophages all
may be involved (26). ADCC and SLMC have been shown to
be mediated by lymphoid cell populations that are lacking
surface immunoglobulin but bear Fc receptors (27).
A number of investigators have found that SLMC and ADCC

generally exist in parallel. However, two distinct cytotoxicity
mechanisms seem to be involved, implicating two separate
populations of cells that are immunoglobulin negative and Fc
receptor positive or separate mechanisms utilizing a single
population of effector cells. Many investigators have reported
that both ADCC and SLMC are mediated by cells having Fc
receptors of high affinity but lacking other markers for either
T or B lymphocytes (27-81). These cells have also been termed
"K" cells, "null" cells, or "third population" cells. Recently,
West et al. (32, 33) have demonstrated the presence of SLMC
and ADCC activity in thymic-dependent lymphocytes that
have low-affinity receptors for sheep erythrocytes (SRBC),

forming rosettes optimally only at 40 and not at 290. In this
investigation, we examined T lymphocytes and their subpop-
ulations that possess receptors for Fc (T~t and Ty) and those
without Fc receptors (TO) in SLMC and ADCC assay sys-
tems.

MATERIAL AND METHODS
Isolation of Mononuclear Cells. Heparinized peripheral

venous blood was obtained from three healthy donors free from
both hepatitis antigen and antibody. Mononuclear cells were
isolated on a Ficoll/Hypaque density gradient. Cells were
washed three times in Hanks' balanced salt solution and resu-
spended in RPMI-1640 containing 15% heat-inactivated fetal
calf serum at a concentration of 4 X 106 cells per ml. Lym-
phocyte separator reagent (Technicon Instrument Co., Tar-
rytown, NY) was added to the mononuclear cell suspension at
a volume ratio of 1:2 and the mixture was incubated at 370 on
a rotator for 30 min. Phagocytic cells were then depleted by
subsequent centrifugation at 400 X g for 20 min. Lymphoid
cells depleted of phagocytic cells were then collected from the
interface and washed three times with balanced salt solution
and resuspended in RPMI-1640 at 4 X 106 cells per ml.

Purification of T Lymphocytes. Aliquots (1 ml) of phago-
cytic cell-depleted lymphoid cells were mixed with 0.25 ml of
fetal calf serum (heat inactivated and absorbed with SRBC) and
1 ml of 1% neuraminidase-treated SRBC (25 units/ml of 5%
SRBC). The mixture was incubated at 370 for 5 min, centri-
fuged at 200 X g for 5 min, and then incubated at 40 for 1 hr.
The pellets were resuspended and left on ice for another 15 min.
Rosetting T lymphocytes were separated from non-T lym-
phocytes on Ficoll/Hypaque density gradient by centrifugation
at 480 X g for 20 min at 200. SRBC attached to T lymphocytes
(pellet) were lysed with distilled water and double-strength
minimal essential medium (Microbiological Associates, Be-
thesda, MD). T cells were washed three times in RPMI-1640
and were shown to contain 96-98% T cells as determined by
rosette formation with SRBC and lack of surface immuno-
globulin. Almost no peroxidase-positive cells were found in such
preparations and viability was more than 98% as determined
by trypan blue dye exclusion. Non-T cells contained 10% T cells,
60% B cells, and 30% third population or "K" cells.
Ty cells were isolated either on the same day or after over-

night incubation of T cells in medium containing 20% fetal calf
serum; T/L cells were isolated after overnight incubation of
purified T cells in medium containing fetal calf serum. These
populations were separated by using ox erythrocytes (ORBC)
coated with anti-ORBC IgM or IgG antibody.

Abbreviations: ADCC, antibody-dependent cell-mediated cytotoxicity;
SLMC, spontaneous lymphocyte-mediated cytotoxicity; SRBC, sheep
erythrocytes; CRBC, chicken erythrocytes; TIA, T cells with receptors
for IgM; Ty, T cells with receptors for IgG; TO, T cells without re-
ceptors for IgM or IgG; ORBC, ox erythrocytes; EAm, erythrocytes
coated with antierythrocyte IgM; EAg, erythrocytes coated with an-
tierythrocyte IgG; E-RFC, T cells forming rosettes with SRBC.
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FIG. 1. Methods for purification of lymphocyte subpopulations. PBL, peripheral blood lymphocytes; PMN, polymorphonuclear leuko-
cytes.

ORBC-Antibody Complexes. Purified rabbit IgM and IgG
antiORBC antibodies were prepared as described (7).
ORBC-antibody complexes were prepared by incubating an
equal volume of 2% ORBC and anti-ORBC IgM (1:20 dilution)
or IgG antibody (1:200 dilution) at room temperature for 90
min. The complexes, EAm and EA respectively, were washed
three times with balanced salt solution and resuspended to a
concentration of 1%.

Isolation of T Cell Subpopulations. The procedures are
summarized in Fig. 1. Purified T cells (4 X 106 per ml) were
incubated with an equal volume of 1% ox EAg, or ox EAm,
centrifuged at 200 X g for 5 min, and incubated at 40 for 60
min. The Ty and TM cells formed rosettes with ox Eag and ox
Eam, respectively. The pellets were resuspended, layered on
Ficoll/Hypaque gradients and centrifuged at 400 X g for 20
min, thus separating the rosetted (Ty+ and Tii+) from nonro-
setted (Ty- and Tg-) cells. Some of the Ty- and Tg- cells were
set aside. The remaining Ty- and TjA- cells from the interface
were then incubated with an equal volume of ox EAm and ox
EAg, respectively, centrifuged at 200 X g for 5 min, and incu-
bated at 40 for 30 min. The pellets were resuspended, layered
on Ficoll/Hypaque gradients, and centrifuged at 400 X g for
20 min, separating rosetted (Ty and TAi) cells at the bottom and
null T cells (TO) at the interface. The T-y and T~t rosetted cells
were freed from ORBC by either vortexing and then separating
on a Ficoll/Hypaque gradient or lysing the ORBC with distilled
water and double strength medium. Isolated Tiu and Ty cells
had only 1-2% contamination with Ty and Tu cells, respec-
tively. Non-T, T, TjA, T-y, TO, Ty- and Tp- cells were then
assayed for ADCC and SLMC activity.

Assay for ADCC. The ADCC activity was determined by
the original method of Perlmann (34) as modified by Hand-
werger and Koren (35). Briefly, varying concentrations of cells
under study were added to 50 ,.l of RPMI containing 5 X 104
5'Cr-labeled chicken erythrocytes (CRBC) and 100 Al of a 1:
10,000 final dilution of rabbit anti-CRBC antibody (Cappel
Laboratories, Cochranville, PA). As a control, 100 MAl of medium
was added for every dilution of T cells in place of antiCRBC
antibody. After centrifugation (40 X g for 2 min), the plates
were incubated for 3 hr at 370 in 95% air/5% CO2. Then the

plates were centrifuged at 500 X g for 5 min, and the 51Cr re-
leased was collected in 100 MIl of supernatant and counted in a
well type Auto-Gamma scintillation spectrophotometer. The
percentage of cytotoxicity was calculated by: (E - C)/(T -S),
in which E = counts released in experimental group, C = counts
released in control group containing T lymphocyte cells under
study, labeled CRBC, and medium instead of anti-CRBC
antibody, T = total counts in 105 51Cr-labeled CRBC, and S =
counts released by 105 51Cr-labeled CRBC in the presence of
anti-CRBC antibody without cells.

Assay for SLMC. K562 myeloid tissue culture cell line (36),
obtained from Y. B. Kim and maintained in RPMI-1640 with
10% fetal calf serum, was used as target cell after labeling with
sodium [5lCr]chromate (NEZ-0305, New England Nuclear) as
described (37). A fixed number of viable, nucleated cells of the
appropriate subpopulation in RPMI-1640 supplemented with
10% fetal calf serum, penicillin, streptomycin, and glutamine
(Grand Island Biological Co., Grand Island, NY) were prepared
in varying dilutions to give a 1:50, 1:25, 1:12.5, and 1:6.0 target
(1-2 X 104)/effector cell ratios. The leukocytes were added in
triplicate to 51Cr-labeled target cells in a total volume of 0.2 ml
in V-bottom microfilter plates (1-220-25A, Microbiological
Associates). After centrifugation (40 X g for 2 min), the plates
were incubated at 370 in 5% CO2 in air for 4 hr. Then the plates
were centrifuged at 500 X g for 5 min and 100 ,l of supernatant
was collected and assayed for 5tCr released in a well-type
Auto-Gamma scintillation spectrophotometer.
The percentage of cell lysis was calculated as: mean cpm

released in the presence of effector cells minus mean cpm
spontaneously released by target cells incubated with medium
alone, divided by cpm released after treating target cells with
Triton X-100 (1:100 dilution) minus cpm spontaneously released
and the quotient multiplied by 100.

RESULTS
The results of analyses of SLMC by subpopulations of lym-
phocytes are shown in Fig. 2. Non-T lymphocytes (containing
-60% Ig-bearing B cells, -10% T cells, and -30% third pop-
ulation cells) yielded strong lysis of the target cells (K562).
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FIG. 2. SLMC in different peripheral blood lymphocyte sub-
populations against K562. Mean ± SD for three experiments.

SLMC by purified T cells was 47%. When Ty cells were re-

moved from the purified T cells, the SLMC in the remaining
T cells (TV-) was markedly decreased (-8%). However, de-
pletion of Tgt cells (T,4-) did not decrease SLMC significantly.
Purified Ty cells resulted in a greater SLMC (55%) than that
exhibited by purified T cells. T1u and TO produced almost no

SLMC.
Results of ADCC by lymphocyte subpopulations against

CRBC coated with antibody are shown in Fig. 3. Non-T cells
caused approximately 70% lysis of target cells. Purified T cells
resulted in 48% lysis; when Ty cells were depleted from purified
T cells, the remaining T cells (Ty-) had almost no ADCC ac-

tivity (-3% lysis). T1.- cells had enhanced ADCC activity
(-65% lysis); Ty cells, Tj cells, and To cells produced 8, 6, and
1% lysis, respectively.

Fig. 4 compares SLMC and ADCC by Ty cells purified by
two different methods: (i) by vortexing Ty cells and then sep-

arating freed Thy cells from the ORBC to which they had been
attached, by Ficoll/Hypaque density gradient centrifugation;
or (ii) by lysing ORBC with distilled water and double-strength
medium (hypotonic lysis). The SLMC activity was similar in
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FIG. 3. ADCC in different peripheral blood lymphocyte sub-
populations against CRBC coated with anti-CRBC IgG. Mean ± SD
for three experiments.

FIG. 4. Influence of method of detaching/lysing OxRBC from Ty
cells on SLMC (-) and ADCC (--- -). 0, Separation by vortexing; A,
separation by lysis of erythrocytes.

both preparations of T-y cells. However, ADCC activity was low
in both preparations of Ty cells, and no difference in ADCC
activity among T-y cells was obtained by the two different
methods.

DISCUSSION
In this study we have demonstrated that both non-T cells and
purified T lymphocytes may mediate both ADCC (against
antibody-coated CRBC) and SLMC (against K562). When T
cells are depleted of Ty cells, both activities are lost almost
completely. Depletion of Tg cells did not either influence or
enhance SLMC and ADCC activities, indicating that neither
of the cytotoxic activities is mediated by Tyi and that these
cytotoxicities are dependent on T-y cells. Isolated Tgu cells and
TV cells did not demonstrate significant ADCC or SLMC ac-
tivity. Ty cells demonstrated strong SLMC; however, this
subpopulation of isolated T lymphocytes failed to demonstrate
significant ADCC activity.
The failure of Thy cells to demonstrate ADCC activity when

assayed directly as an isolated population could be due to a
number of factors. First, the treatment of Ty cells with distilled
water and double-strength medium or with Tris/ammonium
chloride for lysing of attached ORBC may have inhibited
ADCC (38). Second, the T-y cells were used in ADCC assay soon
after lysis and not enough time may have been allowed for re-

generation of Fc receptors required for mediating the ADCC
activity. Third, it is also possible that the IgG antibodies from
the EA complex were still attached to the Fc receptors even
after the ORBC were lysed, thus blocking the effector function
of Fc receptors in ADCC. Furthermore, it is likely that, when
Thy cells are separated from EAg by spontaneous dissociation
at 37° over an 18-hr period, they lose their Fc receptors and
therefore their ADCC activity. Of these possible explanations
the first and last seem most likely. Cordier et al. (39) have also
found that, when separated from EA by spontaneous dissocia-
tion at 370 for 18 hr and then washed three times in cold bal-
anced salt solution, K cells do not form EA rosettes and lose their
effector capacity in ADCC. Recently, Moretta et al. (40) have
found that, after reacting with EA complexes and cultured
overnight at 370, Ty cells lose their Fc receptors. In our ex-
periments also, only a few Ty cells were found to rosette a
second time with ox EAg, although all the cells readily bound
SRBC. However, depletion data showing almost complete ab-
rogation of ADCC in remaining T cells after removal of Ty cells
clearly link the ADCC to Ty cells.
A number of studies have attempted to demonstrate

an
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tumor-specific lymphocyte-mediated cytotoxicity in man as
well as in experimental animals (41-43). Definition of the ef-
fector cells in ADCC and SLMC has been the subject of inten-
sive investigations and much literature. However, much of the
data are conflicting. Akira and Takasugi have shown that SLMC
may be mediated by cytophilic antibodies (44) bound to ef-
fector cells possibly bearing B cell alloantigens (45). Eremin et
al. (46) reported that immunoglobulins are involved in SLMC.
They demonstrated abrogation of SLMC activity of depletion
of cells that rosette with rabbit antihuman immunoglobulin-
coated SRBC. Troye et al. (47) demonstrated that Fab frag-
ments of rabbit anti-human immunoglobulin inhibit SLMC
when added to the system. However, it has been shown, by
experiments involving passing cells over nylon wool columns
(48, 49) or through the columns coated with rabbit F(ab')2 IgG
reagents directed against F(ab')2 of human IgG (50), that B cells
are not necessary for SLMC. Nelson et al. (51), Pross and Jondal
(27), and Jondal and Pross (48) have demonstrated that most
of the SLMC is mediated by surface immunoglobulin-negative
Fc receptor-positive lymphocytes. Pross and Jondal (27) and
Pross et al. (49) also demonstrated that most of the SLMC ac-
tivity is mediated by non-T, non-B lymphocytes (K cells or null
cells). Chess and Schlossman (52) also reported SLMC and
ADCC activity to be present in a null cell fraction but not in a
B lymphocyte population. Study of patients with primary im-
munodeficiency disorders in which B lymphocytes are lacking
and serum immunoglobulin levels are very low showed SLMC
to be intact (19). This finding clearly demonstrates that (i) B
cells are not essential for SLMC and (ii) immunoglobulins are
not required for this form of cytotoxicity.

Recently, West et al. (33) demonstrated SLMC in a sub-
population of human T lymphocytes that had low-affinity re-
ceptors for SRBC. Our study clearly demonstrates that SLMC
activity is mediated by T lymphocytes and that, among the T
cell subpopulations, the activity is almost exclusively mediated
by Ty cells. Tg and To cells lacked SLMC activity almost
completely.
ADCC is considered synonymous with K or null (non-T,

non-B cell) cell cytotoxicity. Most investigators have demon-
strated the effector cells of ADCC to be negative for surface Ig
and lacking receptors for SRBC but to have high-affinity Fc
receptors and perhaps a weak receptor for C3. Pross and Jondal
(27) showed marked reduction of ADCC activity when EAC
rosette-forming cells were removed. Lack of B cell requirement
in this assay is supported by the presence of normal ADCC in
patients with X-linked agammaglobulinemia (19). West et al.
(32) recently reported ADCC activity in a T-cell subpopulation
with low-affinity receptors for SRBC. These low-affinity SRBC
receptor-bearing T cells were found to have receptors for IgG.
Perlmann et al. (30) have also presented evidence that K cells
may have a relationship to SRBC rosette-forming cells. Our
study clearly demonstrates that T cells can mediate ADCC
against CRBC coated with IgG antibody. Among T cell sub-
populations, almost all ADCC activity seems to be mediated
by Ty cells and no ADCC is found in Tgu or To cells. Depletion
of T'y cells from T cells profoundly reduced the ADCC activity
but depletion of Tu did not.
From our study and the studies reported by West et al. (32,

33) it is evident that significant ADCC and SLMC are mediated
by a subpopulation of T cells with low-affinity receptors for
SRBC and with receptors for IgG (Ty). Studies by other in-
vestigators have demonstrated both ADCC and SLMC in K or
null cell populations. It seems to us that ADCC and SLMC in
so-called null cells may be mediated by a subpopulation that
is a precursor of mature T cells. Chess and Schlossman (52)
have demonstrated the presence of certain cells with T cell
influence among the null cells.

Both ADCC and SLMC are mediated by Ty cells and also
by a population of non-T cells, most likely by the third popu-
lation or K cells. It has not yet been shown whether these cy-
totoxic activities are mediated by two different subpopulations
of Ty cells or by the same subpopulations of T cells but by dis-
tinct mechanisms. Nelson et al. (51) have demonstrated that
treatment of effector cells with trypsin significantly inhibited
SLMC but did not inhibit ADCC. The inhibition of SLMC by
trypsin is corrected by incubation of treated cells in RPMI-1640
containing 5% fetal calf serum. Treatment of fractions con-
taining T cells forming rosettes with SRBC (E-RFC) with am-
monium chloride solution to lyse SRBC profoundly inhibits
ADCC, an influence that is corrected at least in part by incu-
bation overnight in the absence of ammonium chloride. Three
experiments in our study showed that purified Ty cells obtained
by lysing the attached ORBC with distilled water and double-
strength medium (hypotonic lysis) had no effect on SLMC but
profoundly inhibited ADCC. It has also been shown that protein
A will block ADCC but not SLMC (53). Our study and that
reported by Nelson et al. (51) demonstrate quite clearly that
SLMC and ADCC are mediated by separate cytotoxic mech-
anisms but the findings are compatible with the view that either
T'y cells contain two distinct subsets of cytotoxic cells with
separate functional capabilities or that a single effector cell exists
that is capable of mediating two different cytotoxicity reactions.
This perspective is further supported by the finding that sup-
pressor factor(s) generated by concanavalin A-treated T lym-
phocyte subpopulations inhibited ADCC but not SLMC (un-
published observations).
West et al. (32) and Revillard et al. (54) have demonstrated

that ADCC activity and low-affinity T cells forming rosettes
with SRBC(E-RFC) are restricted to spleen and peripheral
blood and little ADCC can be found in thymus and lymph
nodes. This is in agreement with our present observation that
Ty cells mediate ADCC and Ty cells are almost completely
lacking in normal human thymus and lymph nodes (7).
The possible relevance of SLMC against tumor in vivo has

remained speculative. Further studies of mechanisms of SLMC
and their alterations in pathological states may be helpful in
understanding the relationship of this form of cytotoxic activity
to immune surveillance in man.
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