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Human peripheral blood lymphocytes (PBL) precultured in media demonstrated decreased
NK and ADCC activities as an apparent consequence of endogenous suppressor cells generated
in the culture. PBL precultured with amphotericin-B (AMB) for 48 hr showed further de-
creases of NK and ADCC activities. T cells, Sephadex G-10 column passed PBL, and NK-
and ADCC-enriched subpopulations separated on a Percoll gradient precultured with AMB
also manifested decreased NK and ADCC activities. In mixing experiments, lymphocytes
precultured with AMB suppressed the ADCC activities of fresh autologous effector cells. The
suppression of ADCC activities observed was not due to crowding, selective toxicity, steric
hindrance, effector or target cell death from AMB or desoxycholate, or the presence of PBL
causing cold target competitive inhibition or binding. AMB-enhanced suppression was not
reversed by indomethacin. The results suggest that AMB has a significant immunomodulating
effect on human PBL possibly by activating endogenous suppressor cells which may be of
clinical significance.

INTRODUCTION

Amphotericin-B (AMB),? a polyene antibiotic, is clinically important in the treat-
ment of systemic fungal infections. Using in vitro and in vivo models, several
investigators have demonstrated both immunostimulatory (1-5) and immunosup-
pressive effects (6-9) of AMB in human and animal systems. The immunostim-
ulatory effect of AMB may be a useful adjunct to host defenses against fungi,
while the immunosuppressive activity may have deleterious effects.

Natural killer (NK) cells and cells mediating antibody-dependent cellular cy-
totoxicity (ADCC) have been gaining attention because of a possible role in defense
against tumors and in the regulation of lymphoid cell functions (10-15). The present
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experiments were designed to investigate the effects of AMB on NK and ADCC
activities of normal human peripheral blood lymphocytes (PBL). We have recently
shown that precultured PBL can develop suppressor cell activities as a possible
consequence of an autologous mixed lymphocyte culture reaction (16). In the pres-
ent study, normal PBL were precultured with and without AMB and tested for
their potential cytotoxicity against prelabeled target cells. We observed that normal
PBL precultured with AMB manifest greater decreases in NK and ADCC activities
compared to control PBL precultured without AMB. In mixing experiments, lym-
phocytes precultured with AMB suppressed the ADCC activities of fresh autologous
effector cells. These data suggest that AMB has a significant immunomodulating
effect on human PBL possibly by activating suppressor cells which may be of
clinical significance.

MATERIALS AND METHODS

Drugs. AMB (E. R. Squibb & Sons, Princeton, N.J.) was supplied in sterile
lyophilized form containing sodium desoxycholate (SD) as a solubilizer and sodium
phosphate as a buffer. SD was obtained from Sigma Chemical Co., St. Louis, Mo.
AMB and SD were initially dissolved in small aliquots of distilled water and then
further diluted with RPMI 1640 medium. Indomethacin (INDO) (Sigma Chemical
Co.) was dissolved initially in 95% ethyl alcohol and diluted further in RPMI 1640
medium.

Lymphocyte donors. Peripheral blood from healthy donors of both sexes, aged
25 to 40 years, was drawn into a plastic syringe containing heparin (20 U/ml).
Donors were apprised of the study and consents were obtained consistent with the
policies of The University of Michigan and the National Institutes of Health.

Isolation of lymphocytes. PBL were isolated from heparinized venous blood using
a modified method of Boyum (17). Blood was diluted with an equal volume of
calcium and magnesium-free Hanks’ balanced salt solution (HBSS) (GIBCO,
Grand Island, N.Y.) and centrifuged at 400g for 30 min at 18°C. The mononuclear
cell band was harvested, washed three times with HBSS, and resuspended in RPMI
1640 medium, containing 25 mM HEPES buffer supplemented with 5% heat in-
activated fetal calf serum (FCS) (GIBCO), 80 ug/ml gentamicin (Schering Corp.,
Kenilworth, N.J.), and 300 ug fresh glutamine/ml (complete medium).

Depletion of adherent cells. Mononuclear cells were depleted of adherent cells
by the method of Ly and Mishell (18) as modified by Berlinger et al. (19). PBL
were suspended in RPMI 1640 with 10% FCS, and passaged through a 7-ml column
of Sephadex G-10 beads (Pharmacia Fine Chemicals, Piscataway, N.J.), equili-
brated in the same medium. After 45 min of incubation at 37°C, nonadherent cells
were washed through with one bed volume of warm (37°C) medium. The cell
recovery was >70% of the total input, and macrophage contamination as indicated
by nonspecific esterase staining was <2%.

Preparation of T cells. T cells were prepared as described elsewhere (20). Briefly,
4 X 10° PBL depleted of adherent cells were mixed with 0.25 ml of heat-inactivated
FCS preabsorbed with sheep red blood cells (SRBC) and 1 ml of 1% packed volume
neuraminidase treated (25 U/ml in a 5% SRBC suspension) SRBC. The mixture
was incubated at 37°C for 5 min and centrifuged at 200g for 5 min followed by
incubation at 4°C for 1 hr. The pellets were gently resuspended and T lymphocytes
rosetted with SRBC were separated from non-T lymphocytes on a Ficoll-Hypaque
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(Pharmacia) density gradient by centrifugation at 480g for 20 min at 20°C. SRBC
attached to the isolated T lymphocytes (pellet) were lysed by hypotonic treatment
with 1 ml of distilled water, followed by 1 ml of double-strength minimal essential
medium (MEM, GIBCO). T cells were washed three times with RPMI 1640 and
resuspended in complete medium and preincubated for 24 hr before use.

Percoll fractionation of lymphocytes. The enrichment of NK and ADCC effector
cells using a discontinuous gradient of Percoll (Pharmacia) was carried out as
described elsewhere (21). To prepare a discontinuous density gradient, Percoll
solution was mixed at various concentrations with RPMI 1640 medium, and 2-m!
aliquots (ranging from 50.0 to 37.5% in 2.5% increments) were gently layered into
15 X 130-mm round bottom glass test tubes. Adherent cell-depleted lymphocytes
were layered on top of the gradient and centrifuged at 300g for 45 min at 20°C.
Six fractions, with the uppermost (37.5%) designated “0” and the lowermost
(50.0%) designated “V”, were collected from the top with a Pasteur pipet and
washed twice in RPMI 1640 medium. Recovery of cells was 85% of the input, and
viability always exceeded 95% by trypan blue dye exclusion.

In vitro incubation of cells with AMB. Total PBL, PBL depleted of adherent
cells, T cells, non-T cells, and various Percoll separated fractions were suspended
in complete medium at a concentration of 1 X 10° cells/ml to which either AMB
or SD was added at concentrations of 0.1, 0.5, 1, 2.5, 5, and 10 ug/ml of culture.
A duplicate set of cultures received RPMI 1640 medium without drugs as controls.
Cell cultures were incubated for up to 72 hr in a humidified environment of 5%
COQO,; in air at 37°C. Cells were washed three times and resuspended in complete
medium. Cell viability was comparable with that of control cultures as determined
by trypan blue exclusion, was not affected by concentrations of <5 ug AMB/ml,
and was >85%. Treated cultures and controls were tested for their ability to mediate
NK and ADCC activities, and were examined for immunoregulatory activities in
coculture experiments.

Tumor target cells. The human erythroleukemia cell line, K-562, and T lym-
phoblastoid cell line, CEM, were used as targets for NK cells. For the ADCC
assay, we chose as targets a human B-cell leukemia line (SB) because of resistance
to NK activity in a 4 hr >'Cr release assay.

Preparation of target cells. Passaged 48-hr-old target cells were washed twice
with complete medium. To 0.8-ml aliquots of complete medium containing 5 X 10°
tumor cells, 200 uCi of *'Cr as sodium chromate (New England Nuclear, Boston,
Mass.) was added. The cells were incubated at 37°C for 1 hr in a humidified
atmosphere of 5% CO, in air with intermittent shaking. Following incubation, the
cells were washed three times with complete medium and resuspended to a con-
centration of 2 X 10° cells/ml.

Assay for NK activity. NK activity was determined in a direct >'Cr release assay
as previously described (16, 22, 23). Briefly, varying concentrations of viable ef-
fector cells in complete medium were added to triplicate cultures of *'Cr-labeled
target cells in 0.2 ml volumes in V-bottom microtitration plates (Dynatech Labs,
Alexandria, Va.). After centrifugation at 40g for 2 min, they were incubated at
37°C in a humidified atmosphere of 5% CO,.in air for 4 hr. Percentage cytotoxicity
was calculated as follows:

% cytotoxicit experimental release — spontaneous release % 100
0 =
y total release — spontaneous release




290 NAIR AND SCHWARTZ

where spontaneous release represents counts released from control wells containing
only 2 X 10* target cells, and total release represents counts obtained in an aliquot
of 2 X 10* lysed target cells.

Assay for ADCC. The ADCC activity of effector cells was determined by the
original method of Perlmann and Perlmann (24) as modified by Handwerger and
Koren (25). Briefly, 50 ul of varying concentrations of effector cells was added to
50 ul of complete medium containing >'Cr-labeled SB target cells and 100 ul of
a 2 X 107 dilution of rabbit anti-SB antisera previously found to yield maximal
ADCC. Percentage ADCC activity was calculated as described above for NK
activity with the following exceptions. Spontancous release represents counts re-
leased in control wells containing effector cells, labeled SB target cells, and media
instead of anti-SB antibodies, and total release represents counts obtained in an
aliquot of 1 X 10* *!Cr-labeled SB target cells. Percentage inhibition of NK and
ADCC activities by AMB was calculated as follows:

% cytotoxicity of control lymphocytes
- % cytotoxicity of AMB treated lymphocytes

% inhibition =
% cytotoxicity of control lymphocytes

Assay to measure suppressor cell activity. For mixing experiments to measure
suppressor cell activity, precultured PBL were added separately to a suspension of
effector and prelabeled target cells. The observed cytotoxicity demonstrated by the
cell mixture was compared to the sum of cytotoxicities shown by precultured PBL
and effector cells when tested alone. In mixing experiments, an effector to target
(E:T) cell ratio of 50:1 was maintained while suppressor to effector (S:E) cell ratios
ranged between 1:1, 2:1, and 3:1. All plates were treated as described for the
cytotoxicity assay. Percentage of suppression mediated by PBL precultured with
or without AMB was calculated as detailed elsewhere (16, 26) or as follows:

predicted cytotoxicity — observed cytotoxicity x

100
predicted cytotoxicity

% suppression =
where predicted cytotoxicity is calculated as the sum of the cytotoxicities of effector
cells plus precultured PBL and observed cytotoxicity is the cytotoxicity demon-
strated by the mixture of effector and precultured PBL. Results are expressed as
mean values =+ SEM. The statistical significances of differences in mean values
were determined using a paired ¢ test formula by Dr. Ken Guire of the Biostatistics
Computing Laboratory of The University of Michigan.

RESULTS
Preculture of PBL with AMB Decreases NK and ADCC Activities

In view of the findings that AMB exerts significant immunosuppressive and
immunostimulatory effects on various immunologic functions in man and mice, the
influence of AMB on NK and ADCC activities of human PBL was examined.
AMB added at different concentrations, ranging from 0.1 to 10 ug/ml, to the
reaction mixture of fresh effector and prelabeled target cells and incubated for 4
hr, showed no significant effect on NK activity (data not presented). Table 1 shows
that cell viability as determined by trypan blue dye exclusion was unaffected by
preincubating PBL with AMB for 48 hr at concentrations <5 ug/mil and was
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TABLE 1
Effect of AMB on Viability of PBL?

Viability

AMB concentrations (ug/ml)

Control 0.1 0.5 1 25 5 10

(%) (%) (%) (%) (%) (%) (%)

Mean 93.6 91.4 95.2 92.6 89.2 88.9 75.23
+ SEM 3.1 3.1 25 4.9 2.9 3.1 16.7

¢ Lymphocytes precultured with and without AMB for 48 hr, washed, and tested for viability by
trypan blue dye exclusion. Values represent mean percentage viability + SEM of three separate exper-
iments.

comparable with control cultures. Kinetics of the effect of AMB on NK and ADCC
activities of PBL showed that PBL precultured with 2.5 ug AMB for 0 to 24 hr
did not exhibit any significant inhibitory effect on either NK or ADCC activity.
However, PBL preincubated with AMB for 48 to 72 hr showed significantly de-
creased NK and ADCC activities (Table 2). Consistent with these findings, PBL
precultured with AMB for 48 hr were used in all subsequent experiments. The
dose-response effect of AMB on NK and ADCC activities (Table 3) demonstrated
that PBL precultured with 2.5 ug AMB/ml for 48 hr showed significant inhibition
of NK and ADCC activities without affecting viability of lymphocytes; therefore,
this concentration was used for all subsequent experiments. Table 4 demonstrates
decreased NK and ADCC activities of PBL preincubated with AMB at several

TABLE 2
Kinetics of Inhibition of NK and ADCC Activities of PBL Preincubated with AMB?

NK* ADCC*
Time of
incubation AMB Cytotoxicity Inhibition Cytotoxicity Inhibition

(hr) added (%) (%) (%) (%)

0 - 61.0 — 38.6 —
+ 58.6 3.9 36.1 6.4

24 - 49.4 — 33.7 —
+ 44.8 9.3 314 6.8

48 - 36.8 — 35.2 —
+ 16.8 54.3 14.2 59.6

72 - 36.6 — 36.6 —
+ 15.9 56.5 12.31 66.4

@ PBL preincubated with and without (2.5 ug/ml) AMB for 0 to 72 hr were washed and tested for
NK and ADCC activities at a 50:1 E:T ratio. Cytotoxicity and inhibition were calculated as under
Materials and Methods. Results are from a representative experiment and four separate experiments
gave similar results.

¢ NK activity was measured against the human erythroleukemia cell line K-562.

¢ ADCC activity measured against the human B-lymphoblast cell line, SB, sensitized with anti-SB
sera.
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TABLE 3
Dose-Response Effect of AMB on NK and ADCC Activities of PBL?

NK* ADCC*
AMB
concentration Cytotoxicity Inhibition Cytotoxicity Inhibition

(ug/ml) (%) (%) (%) (%)

0 36.7 — 36.6 —
0.1 325 11.4 30.1 17.7
1.0 28.5 22.3 28.4 22.4
2.5 21.6 41.1 19.8 45.9
5.0 159 56.7 12.3 66.4
10.0 10.0 72.7 11.6 68.3

“PBL preincubated with AMB (0.1 to 10 pg/mi) for 48 hr were washed and tested for NK and
ADCC activities at a 50:1 E:T ratio. Cytotoxicity and inhibition of cytotoxicity were calculated as under
Materials and Methods. Results are from a representative experiment and four separate experiments
gave similar results.

®NK activity measured against the human erythroleukemia cell line K-562.

¢ ADCC activity measured against the human B lymphoblast cell line, SB, sensitized with anti-SB
sera.

E:T cell ratios compared to PBL preincubated in media alone. It is evident that
the inhibitory effect of AMB on ADCC and NK activities occurs even at high E:T
ratios.

PBL precultured with and without AMB were tested against various prelabeled
targets in NK and ADCC assays. The data presented in Fig. 1 reveal that lym-
phocytes precultured in media alone for 48 hr display a significantly lower NK
activity against K-562 (23%, P < 0.03) and CEM (9%, P < 0.01) targets compared
to the higher NK activity shown by fresh PBL against K-562 (50%) and CEM

TABLE 4
NK and ADCC Activities of PBL Precultured with AMB at Varying Effector to Target Cell Ratios®

Cytotoxicity
E:T ratios
Target AMB 10:1 50:1 100:1
cells added (%) (%) (%)

NK® -~ 22.8 40.2 52.1
(K-562) + 7.1 12.7 12.1
ADCCe - 35.3 47.3 46.6
(SB) + 16.6 21.0 28.4

¢ PBL precultured with and without AMB (2.5 ug/ml) for 48 hr were washed and tested for NK and
ADCC activities. Cytotoxicity was calculated as under Materials and Methods. Resuits are from a
representative experiment and four separate experiments gave similar results.

® NK activity measured against the human erythroleukemia cell line K-562.

¢ ADCC activity measured against the human B lymphoblast cell line, SB, sensitized with anti-SB
sera.
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F1G. 1. NK and ADCC activities of PBL precuitured with AMB. Fresh total PBL or total PBL
precultured in media alone with either AMB (2.5 ug/ml) or SD (2.5 ug/ml) for 48 hr were washed and
their NK or ADCC activities were measured. Results are expressed as mean percentage cytotoxicity
+ SEM of four separate experiments with triplicate determinations for each experiment at a 50:1 E:T
ratio.

(20%) targets. PBL precultured in media alone also manifested lower ADCC ac-
tivity (28%, P < 0.02) compared to a higher (40%) ADCC activity displayed by
fresh autologous PBL. PBL precultured with AMB display significantly lower levels
of NK activity against K-562 (9%, P < 0.013) and CEM (2%, P < 0.002) targets,
respectively, compared to higher NK activities (23 and 9%, respectively, for K-562
and CEM targets) manifested by PBL precultured in media alone. PBL precultured
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FiG. 2. Effect of indomethacin on AMB-induced suppression of ADCC. Total PBL precultured alone
or with (1) AMB (2.5 ug/ml), (2) INDO (1 ug/ml), or (3) AMB + INDO for 48 hr were washed and
tested for their ADCC activity. Results are expressed as mean percentage cytotoxicity = SEM of four
separate experiments with triplicate determinations for each experiment at an E:T ratio of 50:1.
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TABLE 5
ADCC Activity of Lymphocyte Subpopulations Precultured with AMB®

ADCC activity?

Precultured effector cells (%)

1. Total MNC* 40.4
Total MNC + AMB 20.8

II. G-10 separated PBL? 39.7
G-10 separated PBL. + AMB 17.5
III. T cells* 46.3
T cells + AMB 24.7

IV. Non-T cells” 70.6
Non-T cells + AMB 58.4

* Lymphocytes precultured with and without AMB (2.5 ug/ml) for 48 hr were washed twice and
tested for their ADCC activity.

® Human B-cell leukemia line “SB” was used as targets. Percentage cytotoxicity was calculated as
described under Materials and Methods. Values represent mean percentage ADCC activity of a rep-
resentative experiment. Three separate experiments gave identical results. Viability of subpopulations
below was always >95% by tyrpan blue dye exclusion.

 Total peripheral blood mononuclear cells separated as described under Materials and Methods.
Estimation of latex ingesting phagocytic cells and nonspecific esterase positive cells varied from 12 to
15% and 11 to 14%, respectively.

4 Monocytes/macrophages were depleted by passage through a G-10 column as described under
Materials and Methods, and always contained <3% latex ingesting and <2% nonspecific esterase positive
cells.

¢ T cells were separated by rosetting with neuraminidase-treated SRBC as described under Materials
and Methods, and contained >92% E-rosette positive cells; <0.5% fluorescent, polyvalent surface Ig-
bearing cells; and <1% nonspecific esterase positive and latex ingesting phagocytic cells.

/Nonrosetted lymphocytes separated from rosetted T cells on an FH gradient. Non-T cells contained
<2% E-rosette* cells and <0.5% nonspecific esterase positive and latex ingesting cells.

with AMB also showed significantly lower ADCC activity (10%, P < 0.001) com-
pared to a higher level of ADCC (28%) displayed by PBL precultured in media
alone. PBL precultured with SD at concentration equivalent to that used with AMB
did not manifest any decrease in NK and ADCC activity against either target, and
was comparable with NK and ADCC activities displayed by PBL precultured in
media alone. PBL precultured with SD at concentration equivalent to that used
with AMB did not manifest any decrease in NK and ADCC activity against either
target, and was comparable with NK and ADCC activities displayed by PBL
precultured in media alone. The results thus demonstrate that precultured PBL
show decreased levels of NK and ADCC activity compared to fresh PBL and these
activities are further decreased when PBL are precultured with AMB.

AMB-Induced Suppression Is Not Reversed by Indomethacin

Studies were undertaken to examine whether AMB-induced suppression is me-
diated via prostaglandin (PG)-producing cells; PBL were precultured either with
1 pg INDO/m], a potent inhibitor of PG synthesis, or with INDO + AMB (2.5
ug/ml) for 48 hr and tested for ADCC activity (Fig. 2). INDO at 0.1 and 2.5
ug/ml gave identical results (data not shown). PBL precultured with AMB dis-
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F1G. 3. Effect of AMB on Percoll gradient fractionated PBL. PBL depleted of monocytes/macrophages
were separated on a discontinuous Percoll gradient as under Materials and Methods. Values represent
mean percentage cytotoxicity + SEM of four separate experiments with triplicate determinations for
each experiment at a 10:1 E:T ratio. All Percoll separated cell fractions contained <0.5% esterase positive
cells.

played a decreased level of ADCC activity (13%, P < 0.008) compared to higher
cytotoxicity (30%) demonstrated by PBL precultured in media alone. PBL pre-
cultured with INDO alone did not show any inhibition of ADCC activity (29%)
compared to a significantly lower level of cytotoxicity (13%, P < 0.019) manifested
by PBL preincubated with INDO + AMB. These results suggest that AMB-induced
suppression of ADCC activity is not mediated by PG-producing cells.

Effect of AMB on ADCC Activity of Lymphocyte Subpopulations

To investigate the effect of AMB on different lymphocyte subpopulations, total
mononuclear cells (MNC), G-10 passed PBL (monocyte/macrophage-depleted),
T cells and non-T lymphocytes were cultured with and without AMB for 48 hr
and tested for ADCC activity against antibody-coated SB target cells. Results of
a representative experiment are shown in Table 5. Total MNC, G-10 passed PBL,
and T cells precultured with AMB displayed significantly decreased ADCC activ-
ities, i.e., 21, 17, and 25%, respectively, as contrasted with higher ADCC activities
(40, 40, and 46%, respectively) manifested by lymphocytes precultured in media
alone. Non-T cells precultured with AMB did not show significant (P < 0.55)
decrease in ADCC activity (58%) compared to non-T cells (71%) precultured in
media alone. The results suggest that AMB may have an immunomodulating effect
on regulatory T cells.
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TABLE 6

Effect of Fresh Lymphocytes, Cultured Lymphocytes, and Heat-Killed Lymphocytes on ADCC
and NK Activities of Fresh Effector Cells”

Percentage suppression®

Source of suppressor cells NK¢ ADCC?

Precultured PBL

PBL precultured in media alone 274 3.7 41.2 + 8.6

(P < 0.55) (P < 0.006)

PBL precultured with AMB 328 +£5.2 62.4 + 6.5
Fresh lymphocytes®

47.5% Percoll fraction IV 39+ 04 ~8.4 £ 04

50% Percoll fraction V -32x05 ~-8.0+0.5
Heat killed PBL/

PBL precultured in media alone® 7911 11.2 + 2.1

PBL precultured with AMB* 102 + 2.4 7.5+0.3

Fresh PBL! 33+18 3.6 04

“ Fresh autologous effector PBL were depleted of phagocytic cells as described under Materials and
Methods. A constant E:T cell ratio of 50:1 was maintained. E:S cell ratios of 1:1, 1:2, and 1:3 were used
and a dose-dependent effect was observed, but only the results of 1:1 E:S cell ratio are presented.

® Percentage suppression of cytotoxicity calculated as under Materials and Methods. Results are
expressed as the mean of three separate experiments + SEM. Negative (—) values indicate enhancement.

¢ Percentage suppression of cytotoxicity against prelabeled K-562 cells.

4 Percentage suppression of cytotoxicity against antibody-coated SB targets.

¢ Fresh lymphocytes separated on discontinuous Percoll density gradient at 47.5 and 50% Percoll.

/ Lymphocytes heat killed at 56°C for 10 min.

2 PBL precultured in media alone for 48 hr.

* PBL precultured with AMB for 48 hr.

! Fresh PBL depleted of phagocytic cells as under Materials and Methods.

Effects of AMB on NK- and ADCC-Enriched Fractions

Enrichment of human NK cells using discontinuous Percoll density gradient
centrifugation was reported by Timonen and Saksela (21). We investigated the
sedimentation characteristics of human ADCC cells in a Percoll density gradient
and observed that ADCC activity against target SB cells peaked in the low density
(37.5% Percoll) fraction “0” (Fig. 3). At an E:T ratio of 10:1, lymphocytes from
fraction “0” displayed 38% ADCC activity compared to 22, 12, 6, 2, and 1%
activity shown by fractions 1 through 35, respectively.

To examine the effect of AMB on NK- and ADCC-enriched subpopulations,
Percoll separated lymphocyte fractions were precultured with and without AMB
for 48 hr, washed, and tested for their NK and ADCC activities against prelabeled
target cells. The data presented in Fig. 3 reveal that NK- and ADCC-enriched
cells from fraction “0” cultured with AMB showed significantly diminished levels
of NK (8%) and ADCC (11%) activities compared to the NK (42%) and ADCC
(38%) activities displayed by the same Iymphocyte fraction precultured in media
alone. Lymphocytes from fraction “I,” precultured with AMB, also manifested
significantly lower levels of NK (3%) and ADCC (7%) activities as contrasted with
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higher levels of NK (16%) and ADCC (21%) activities manifested by the same
lymphocyte fraction cultured in media alone. Lymphocytes from fractions II to V,
cultured with and without AMB, did not manifest significant differences in NK
or ADCC activities. The results indicate that NK and ADCC activities of enriched
effector cells, separated by discontinuous Percoll density gradient, are significantly
inhibited by preculture with AMB as compared to similar cells precultured in
media alone.

Effect of Precultured PBL, and Heat-Killed PBL on NK and ADCC Activity of
Autologous Effector Cells

Studies were undertaken to examine whether PBL precultured with AMB were
able to suppress NK and ADCC activity of fresh effector cells. In mixing exper-
iments to measure suppression, precultured PBL were added separately to a mixture
of fresh effector and prelabeled target cells, and the percentage of suppression was
calculated as detailed elsewhere (16, 26). Results are presented in Table 6. PBL
precultured with AMB for 48 hr demonstrated 33% suppression of the NK activity
of autologous fresh effector cells compared to 27% suppression by PBL precultured
in media alone (P < 0.55). PBL precultured with AMB significantly suppressed
the ADCC activity of autologous effector cells, the percentage of suppression being
62% compared to 41% suppression manifested by PBL precultured in media alone
(P < 0.006).

To rule out the possibility that crowding, steric hindrance, or cell death could
cause the suppression of ADCC activities, we examined the effect of (i) cytolytically
inactive viable lymphocytes (filler) obtained from discontinuous Percoll gradient
(fraction IV and V), (ii) PBL preincubated with and without AMB and then heat
killed, and (iii) heat-killed fresh effector cells, on NK or ADCC activities of au-
tologous fresh effector cells (Table 6). The results demonstrate that addition of
viable cytolytically inactive cells (fraction IV and V) or-heat killed fresh PBL and
PBL precultured with and without AMB and then heat killed, as inhibitor cells
to the reaction mixture at effector:inhibitor ratio of 1:1 did not produce any sig-
nificant suppression of NK or ADCC activities of fresh PBL against respective
target cells. The results thus suggest that suppression of ADCC activity by AMB-
induced suppressor cells observed in the present studies was not caused by crowding,
steric hindrance, or cell death, but by functionally active, viable, suppressor cells.

DISCUSSION

AMB is currently used as a primary therapeutic agent for the treatment of many
systemic mycoses. Patients with localized or disseminated fungal infections often
show suppressed immune responses (27-30). Evidence now suggests that NK or
ADCC effector cells are involved in host defense against tumors and in the reg-
ulation of lymphoid cell reactions (10-16, 22). We report here a previously un-
recognized immunosuppressive effect of AMB on NK and ADCC activity of normal
lymphocytes, i.e., PBL precultured with AMB decrease the cytotoxic potential of
NK and ADCC activities. AMB also specifically affects NK- and ADCC-enriched
fractions and isolated T cells, and the suppression is not mediated by monocytes/
macrophages or by PGs. In mixing experiments, PBL precultured with AMB also
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expressed suppressor functions on the ADCC activity of fresh autologous effector
cells.

On preculturing PBL in media alone for 48 hr, both NK and ADCC activities
decreased compared to those of fresh PBL, presumably as a consequence of the
induction of endogenous suppressor cells on culture (Fig. 1). This is consistent with
our earlier report (16) that both NK and ADCC activities decreased with the time
of preculture, and precultured PBL were able to exert suppressor effects on NK
or ADCC activity of allogeneic PBL. Activation of suppressor cells by culturing
lymphoid cells has also been reported and tested in murine and human models
against both humoral and cellular immune responses (26, 31-36). Schwartz and
his colleagues (37) observed that mononuclear cells precultured for 48 hr suppressed
Ig synthesis by PWM-stimulated PBL. The present study shows that suppressor
cell activities could be further enhanced by preculturing PBL with AMB presum-
ably as a result of activating endogenous suppressor cells by AMB during culture,

Studies on immunomodulating effects of AMB on normal lymphocyte functions
in the human have been reported. Roselle and Kauffman (7) demonstrated that
AMB significantly suppressed both spontaneous lymphocyte transformation and
the response of lymphocytes to stimulation with streptokinase-streptodornase. Re-
cently Stewart and colleagues (8) showed that AMB reduced PHA-induced
[*H]thymidine incorporation into normal PBL as a consequence of suppressor cell
induction. Tarnvik and Ansehn (6) observed reduced lymphocyte transformation
responses to PHA, Con A, PPD, PWM, and allogeneic cells in the presence
of AMB.

Timonen and Saksela (21) recently described sedimentation characteristics of
human NX cells against the K-562 cell line by using a discontinuous Percoll density
gradient. In the present study, we report a sedimentation profile of human ADCC
effector cells against the human leukemia cell line “SB.” This ADCC activity
peaked in a single low-density Percoll gradient fraction (37.5%); therefore, Percoll
density gradient centrifugation also provides a useful tool for analysis of human
ADCC cells. OQur study further reveals that AMB exerts a suppressive effect on
NK or ADCC effector cells (Fig. 3), and Percoll separated NK- and ADCC-
enriched fractions cultured with AMB showed a remarkably low level of NK or
ADCC activity compared to that of untreated cells.

In our studies, we ruled out the possibility that AMB-induced suppression is
mediated via PG-producing cells like monocytes/macrophages (Fig. 2), since INDO
failed to inhibit the activity of AMB-induced suppressor cells. This is consistent
with the report of Stewart and colleagues (8) who showed that INDO did not
reverse the AMB suppression of PBL responses to PHA, suggesting the suppressor
activity described was not due to PG secretion. Droller et al. (38) and Brunda et
al. (39) demonstrated that pretreatment of effector cells with PG had minimal
inhibitory effect on either ADCC or NK activity. In the present study, purified T
cells, Percoll separated NK- and ADCC-enriched fractions, and G-10 passed PBL
precultured with AMB all manifested remarkably reduced NK and ADCC activ-
ities, suggesting that monocytes/macrophages, known to produce significant
amounts of PGs, had minimal suppressive effects on these activities.

In coculture experiments, PBL precultured with AMB significantly suppressed
ADCC but not NK activity of fresh autologous effector cells. The reasons for this
dichotomy are not clear. It is possible that AMB-induced regulatory cells may
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differentially recognize effector cells mediating NK or ADCC activities. This is
consistent with other reports which demonstrate that NK or ADCC effector cells
are distinct subpopulations, and their recognition and binding mechanisms also
appear to be different (16, 40, 41). It is also likely that NK-specific regulatory cells
may incompletely suppress the NK activity of fresh effector cells during a 4-hr
reaction period as some suppression of NK activity is consistently observed although
it is not statistically significant. Preincubation of putative suppressor and effector
cells may be necessary before mixing with highly sensitive target cells to mediate
significant suppression of NK cytotoxicity. Alternatively, the presence of a soluble
suppressor factor may be necessary to mediate NK suppression requiring a longer
time for its further synthesis.* Experiments are currently investigating these pos-
sibilities.

To ensure that suppression induced by PBL preincubated with AMB on fresh
ADCC effector cells was the result of functionally activated cells, the following
control experiments were set up. (i) Addition of viable lymphocytes obtained from
Percoll fractionation (fractions IV and V), which were neither cytolytically active
nor susceptible themselves to NK and ADCC activity, to the reaction mixture of
effector and target cells did not manifest any significant suppressor effect on the
ADCC activity of autologous lymphocytes (Table 6). (ii) Addition of heat-killed
fresh PBL or PBL precultured with and without AMB, and then heat killed to the
reaction mixture, did not produce any significant effect on the ADCC activities of
fresh autologous effector cells. Thus we ruled out the possibility that suppression
was nonspecifically caused by cell crowding, steric hindrance, or cell death, but was
a consequence of functionally activated viable suppressor lymphocytes.

Experiments were also designed to examine whether AMB-activated PBL could
lead to generation of cytotoxic cells causing lysis of effector cells themselves, or
cells causing cold target competitive binding, or inhibition of the effector cells due
to potential target antigenic determinants. We found no evidence of cytotoxic ac-
tivity against effector cells or the presence of lymphocytes causing cold target
competitive inhibition or binding (data not shown). Furthermore, the suppression
observed was not due to nonspecific toxicity due to SD which is supplied with AMB
as a solubilizer, since PBL precultured with SD at concentrations equivalent to
those obtained in the AMB solutions did not manifest any greater suppressor effect
on NK or ADCC activities than control cells precultured with media alone (Fig.
1). Experiments were also designed to study whether AMB affects the sensitivity
of target cells to lysis by fresh effector cells; *'Cr-labeled target cells were prein-
cubated with AMB (2.5 ug/ml) for 30 min at 37°C, washed, and used as targets
in NK and ADCC assays. The results demonstrated that preincubation of either
K-562 or SB targets with AMB did not affect the sensitivity of targets to lysis by
effector cells (data not shown). Thus it appears that AMB-induced suppression of
ADCC activity of fresh effector cells is not due to cell death, cell crowding, or
steric hindrance. Rather, it appears to activate endogenous suppressor cells which
in turn inhibit the functional assays described. These results suggest that like other
immunomodulating agents, AMB also regulates various lymphoid functions like
NK and ADCC activities, which may be of clinical importance.

* Nair, M. P. N,, and Schwartz, S. A. Suppression of human natural and antibody dependent cyto-
toxicity by soluble factors from unstimulated normal lymphocytes (submitted for publication).
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