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The proliferative activity of human natural killers (CD16*CD56* cells) in the presence
of 100 and 1000 IU/ml human recombinant interleukin-3 is investigated in vifro. It
is shown that recombinant interleukin-3 reliably enhances natural killer proliferation,
causing a 9-15.2-fold increase of *H-thymidine uptake by CD16*CDS56* cells both in
complete culture medium and in conditioned medium. The effect of the factor is 3.9-
6.4 and 3.6-8.9-fold more potent than that of recombinant interleukin-2 and granulo-
cyte-macrophage colony-stimulating factor, respectively, in the same doses.

Key words: natural killers; interleukin-3; proliferation

Interleukin-2 (IL-2) is regarded as a factor of dif-
ferentiation for natural killers from bone marrow
and peripheral precursors and as a growth factor
of mature cells [2,11]. IL-2 can induce the matu-
ration of undifferentiated cell forms into cytotoxic
natural Killers in vifro and the proliferation of
human large granular lymphocytes with an in-
crease of the number of HNK-1* cells in the cul-
ture. However, not all natural killer precursors in
the mononuclear cell fraction (MNC) are able to
respond to IL-2 action [4], the most potent cells
in this case being T3-, Leu 7-, and FcyR*(") [4,6].
There are two different populations of precursors
of natural killers derived from mouse bone mar-
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row: precursors which can be transformed into cy-
totoxic cells in the presence of IL-2, and non-
transformed celis [12].

Although the fraction enriched with large
granular lymphocytes (more than 90%), expresses
the maximal proliferative response to IL-2 in an
MNC culture [13], the presence of IL-2 alone is
not sufficient for latent natural killers to undergo
optimal proliferation in vitro [15]. It is thought
that IL-2 can only support a given proliferation
level [15], while other costimulative cytokines are
needed for proliferation increase [14]. One such
costimulator may be colony-stimulating factor-1
(CSF-1) [5].

The aim of the present study was to investi-
gate the proliferative activity of natural killers
(CD16*CD356" cells) in the presence of IL-3, which
is known as an inhibitor of cellular cytotoxic ac-
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tivity [1,8], which can probably enhance nonspe-
cific lymphocyte proliferation. Proliferation in con-
trol cultures was induced using IL-2 and granulo-
cyte-macrophage (GM) CSF.

MATERIALS AND METHODS

MNC were isolated from peripheral blood samples
(200 ml), obtained from 2 healthy donors, by
centrifugation at 2000 rpm, 20 min at 20°C on a
one-step Ficoll-Paque gradient (Pharmacia Fine
Chemicals) in a Beckman GP centrifuge. Cells
were collected from the interphase ring and washed
twice in phosphate buffer solution for 10 min at
20°C using 2000 rpm and 1200 rpm centrifugation.

MNC were cultured in plastic Petri dishes
(Costar) for 1 h at 37°C in a Heraeus CO, incu-
bator in 10 ml of RPMI-1640 medium (Gibco)
supplemented with 10% fetal calf serum (Gibco),
5 mM glutamine; 100 U/ml penicillin, 1 pg/mi
streptomycin, and 2 ml of iron-containing agent
(Technicon) for the removal of adhesive and ph-
agocytic cells. B cells and some monocytes were
removed on nylon padded columns during 45 min
at 37°C in a Heraeus CO, incubator. MNC cul-
ture enrichment with light fraction cells was car-
ried out on a three-step percoll density gradient
(Pharmacia Fine Chemicals), for which 60.6, 45,
and 30.3% percoll was prepared. Two ml of MNC
suspension was layered onto 9 ml of percoll and
was centrifuged in the “off” mode during 20 min
at 2500 rpm, 20°C in a Beckman GP centrifuge.
MNC enriched with large granular lymphocytes
were collected from the 30.3/45% percoll inter-
phase. T lymphocytes were removed using immu-
nomagnetic separation with reagent containing mag-
netic microbeads M450 Pan T (CD2) (Dynal),
covered with anti-CD2 antibodies. The procedure
was carried out during 1 h in the cold with con-
tinuous stirring. Cells that bound with beads were
removed using an MPC-1 magnetic concentrator
(Dynal) during 15 min in the cold.

Each step of cell isolation was accompaned by
a visual cell count in a microchamber and with
sample collection for estimation of the concentra-
tion of CD16*CDS56* lymphocytes, which are ma-
ture natural killers derived from a common precur-
sor of natural killers and T lymphocytes [10]. Cells
were stained using Simultest IMK Plus Reagents test-
kits (Becton Dickinson), containing fluorescent-la-
beled mouse monoclonal anti-Leu 4/11+19 (CD3/
CD16+CD56). Three pl of antibodies were added to
a sample of 5x10° MNC cells in 50 pl of complete
incubation medium and incubated 45 min in the
cold. After incubdtion, the cells were resuspended
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Fig. 1. Proliferation of human natural killers (CD16*CD56™
cells) in the presence of rIL~2, 1IL—3, and rtGM—CSF in
vitro.

and washed twice for 5 min at 1500 rpm and
20°C. Estimation of the CD16"CD56" cell concen-
tration was carried out in a Facscan flow cytofluo-
rimeter (Becton Dickinson) with a Helwett-Packard
9153 B computer system which can sum fluorescent
signals of 5x10° living cells in each test.
According to double flow cytofluorimetry data,
the final MNC suspensions, obtained from donor
1 and donor 2 and enriched with natural killers,
contained 69.8 and 75.68% of CD16*CD56* cells
(6.14x10° and 12.1x10° natural killers, respectively).
Other cell populations represented: T lymphocytes
1.6 and 2.04%, B lymphocytes 13.08 and 10.58%,
and monocytes 21.64 and 12.22%, respectively.
Drops of natural killer suspensions in complete
growth medium (0.1 ml) were introduced into 96-
well flat-bottom microplates (Nunc), and 0.1 ml of
medium (control) or investigated factor solution
was added to each well. The cultures were incu-
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Fig. 2. Proliferation of human natural killers (10° CD16*CD56*
cells/ml} in the presence of rIL—2, rIL—3, and tGM—CSF in
conditioned medium in vitro. -




398

*H-thymidine uptake, cpmx10°

41 : :

3 - 100 IU/ml

2+ \

Lmm N N N

control 1IL-2 1IL-3 GM-CSF

Fig. 3. Proliferation of human natural killers (7.5x10%

CD16*CD56" cells/ml) in the presence of rIL—2, 1IlL—3, and
1GM~— CSF in conditioned medium in vitro.

bated 72 h at 37°C in a CO, incubator (Heraeus).
The final concentrations of natural killers per well
were: 105/ml (test 1) and 10¢/ml or 7.5x10%/ml
(test 2). Preparations of human IL-2 (rIL-2), IL-
3 (rIL-3), and GM-CSF (tGM-CSF), a gift of
Dr. A, Emmendorffer (Institute of Toxicology of
Fraunhofer’s society, Hanover), were used in doses
of 10, 100, and 1000 IU/ml. After incubation the
culture medium was changed (test 1) or not dis-
carded (test 2), and *H-thymidine in a dose of 1
uCi/ml was added to each well. The suspension
was incubated 24 h in the previously described
conditions. After culturing the well content was
sedimented on fiberglass filters with 2.5 p pores
using a Scatron multichannel harvester. Residual
radioactivity of the filters was estimated using a
scintillation B-counter (Beckman LS-1801). The
reliability of differences of the means was assessed
with Student’s ¢ test.

RESULTS

In a dose of 100 IU/ml rIL-3 caused a 9.7-fold
increase of human natural killer proliferative activ-
ity in vitro (p<0.02) (Fig. 1). *H-thymidine up-
take by CD16*CD56* was increased from 33221217
to 32185%6715 cpm (rn=3). The presence in the
culture of 1000 IU/mi IL-3 caused a 15.2-fold
proliferation increase (p<0.01), and *H-thymidine
uptake increased to 50321%£7564 cpm (n=2). In a
dose of 100 [U/ml! rIL-2 had no reliable effect on
natura] killer proliferation in vitro. The presence of
rGM-CSF in doses of 100 and 1000 IU/ml in the
culture medium caused an increase of *H-thymi-
dine uptake by CD16*CD56* cells to 8465+2147
cpm (p<0.1, »=3) and 14050£2769 cpm (p<0.05,
n=2), respectively (Fig. 1). Thus, rIL-3 efficiency
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in the stimulation of natural killer proliferation is
6.2-fold higher then that of rIL-2 (p<0.05) and 3.6-
3.8-fold higher than that of rGM-CSF (p<0.1).

In conditioned medium rIL-3 a in dose of
100 IU/ml caused a 9-fold increase of human
natural killer proliferation activity in vifro when the
concentration of CD16*CD56* cells was 10%/ml
(9<0.02). *H-thymidine uptake was increased from
332472 to 2989%559 cpm (»n=3, Fig. 2). The
presence of 1000 IU/ml IL-3 in the culture me-
dium caused a 13-fold increase of proliferation
(r<0.001), and *H-thymidine uptake increased to
43524179 cpm (n=3). rtGM-CSF in doses of 100
and 1000 IU/ml had no reliable effect on natural
killer proliferation ir vitro. IL-2 in doses of 10
and 100 IU/ml induced 3*H-thymidine uptake by
CD16*CD56* cells at levels 296+36 and 75414118
cpm (p<0.1, n=3), respectively (Fig. 2). Thus, in
conditioned medium rIL-3 is 5.2-8.9-fold more
active than rtGM-CSF (p<0.05 and p<0.001) and
3.9-5.8-fold more active than rIL-2 (p<0.05 and
p<0.001) in stimulating natural killer proliferation.

In conditioned medium at a CD16*CD56* con-
centration of 7.5x10° cells/ml rIL-3 in a dose of
100 IU/ml caused a 10-fold increase of human
natural killer proliferation (p<0.001), and *H-thy-
midine uptake was increased from 286%27 to
2893164 cpm (n=3, Fig. 3). rIL-2 at 100 IU/ml
had no reliable effect on CD16*CD56* cell prolif-
eration. FTGM-CSF in a dose of 100 IU/ml in-
creased *H-thymidine uptake to 666*88 cpm
(p<0.05, n=3, Fig. 3). Thus, in this case rIL-3 is
4.3-fold more active than rGM-CSF (p<0.001) and
6.4-fold more active than rIL-2 (p<0.01) in stimu-
lating natural killer proliferation.

It is reported that IL-3 is not active in the
process of maturation of natural killers from mouse
bone marrow cells {11] and is not involved in the
positive regulation of cytotoxic effector differentia-
tion. Nevertheless, IL-3 can act on cloned CD3-
CD16* natural killer cells [7] by blocking the
killer activity of the cells and the appearance of
cells with the natural killer phenotype in the cul-
ture [8]. The results of the present study suggest
that the depressive action of IL-3 on natural killer
maturation from bone marrow precursors [2,8] may
be due to its ability to induce proliferation of
natural killers or their precursors, which is associ-
ated with the transformation of cells into blast
forms. As we can see in Figs. 1-3, the effect of
the factor is much more pronounced than that of
rIL-2, which is known as a stimulator of human
and animal natural kiiler proliferation [2,3,11,13].

IL-3 inhibits natural killers but does not affect
IL-2-induced cytotoxic activity of MNC [9]. IL-3
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itself may be considered as factor of progression
which can directly trigger natural killer proliferation
not only in the presence of IL-2 [7], but indepen-
dently as well. Comparison of the results presented
in Figs. 2 and 3 shows that a decrease of the
CD16*CD56" cell concentration from 105 to 7.5x10%/
ml abolishes the effect of rIL-2. Under the same
conditions rIL-3 action remains at the same level.

Taking into account data [14,15] concerning
the inability of IL-2 to induce stable proliferation
of natural killers (only a few precursors can re-
spond to it [4,12]), our results indicate that IL-3
may be considered as a costimulative signal which
is necessary for human natural killer proliferation
[14]. It is logical to link this with its inhibiting
efffect on human natural killer cytotoxicity [1,8]
and on the differentiation of natural killers from
bone marrow precursors [2,8,9].
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