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Induction Mechanism of Human Blood CD8" T Cell Proliferation and Cytotoxicity

by Natural Killer Cell Stimulatory Factor (Interleukin-12)
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Natural killer cell stimulatory factor (NKSF/TL-12) has been found to induce cytotoxic activity of
human blood T cells. In the present study, the effect of NKSF on induction of cytotoxic CD8* T cells
in the presence or absence of monocytes was examined. Highly purified lymphocytes (>99%) and
monocytes (>>90%) were isclated by centrifugal elutriation from peripheral blood of normal donors.
Then, CD8" cells were isolated with antibody-bound magnetic beads from purified lymphocytes.
The cytotoxicity of CD8* cells was measured by 'Cr release assay for 4 h. NKSF enhanced the
proliferative response of CD8™ cells stimulated with suboptimal concentrations of interleukin-2 (1L.-2),
but rather inhibited their proliferative and cytotoxic responses on stimulation with an optimal con-
centration of IL-2, NKSF stimulated CD8* cells to produce interferon ¥ (IFNy) irrespective of the
presence of added I1-2, and this effect was augmented by co-cultivation with monocytes. Blood
monocytes upregulated induction of cytotoxic CD8* cells stimulated with NKSF alone, and this effect
was abolished by addition of antibody against IFN7, but not of antibody against tumor necrosis factor
a. Induction of NKSF-inducible cytotoxic CD8* cells was inhibited by addition of transforming
growth factor 3, but not of IL-4. These observations suggest that in site induction of NKSF-stimulated
cytotoxic CD8* cells may be regulated by complex cytokine networks, depending on the participation

of monocytes.

Key words:

CTL? constitute one of the major effector cell popula-
tions of the immune system involved in the control of
tumor cells and virally infected cells, most probably by
lysis of infected and transformed cells."» Much attention
has been paid to the effector mechanism by which CTL
kill tumor cells. In addition to IL-2, other cytokines
such as IL-4,% IL-5,% IL-6% and IL-7” have been found
to potentiate specific human cytotoxic T cell responses.
Induction of cytotoxic T cell activity is regulated by the
interaction of numerous cytokines, many with overlap-
ping properties.®*

NKSF is a recently described heterodimeric cytokine
with ability to augment NK activity and induce ITFNy
production.’” These actions have been mainly defined by
assays on freshly isolated peripheral blood lymphocytes
or purified populations of NK cells.!*’¥ Both T and NK
cells also produce a message for IFNy following over-
night stimulation in the presence of NKSF.® Although it
seems that the induction of IFNy production requires
accessory cells,'” the induction of NK activity appears to
be a direct action of NKSF on CD36™ cells not requiring
accessory cells.” In contrast, NKSF was found to cause

! To whom correspondence should be addressed.

? Abbreviations: CTL, cytotoxic T lymphocytes; IFNY, inter-
feron 7; 1L-2, interleukin-2; NK, natural killer; NKSF, NK
cell stimulatory factor; TGF, transforming growth factor;
TNF, tumor necrosis factor.

CD3* cell — Monocyte — IL-12 — Natural killer cell stimulatory factor — IFNy

proliferation of PHA-activated CD8" cells.'® Little is
known, however, about the effect of NKSF on generation
of cytotoxic CD8* T cells, or its regulatory mechanism.
In this study we found that the ability of CD8™ cells to
proliferate and to generate cytotoxic activity in response
to NKSF depended on the time of addition of blood
monocytes, and that the induction of cytotoxic CD8"
cells by NKSF was suppressed by TGFES, but not by IL-
4. We also found that in the presence of monocytes,
NKSF enhanced IL-2-stimulated CD8" cell prolifera-
tion, but inhibited the generation of cytotoxic activity
induced by an optimal concentration of IL-2.

MATERIALS AND METHODS

Cell lines Cell lines of human Burkitt lymphoma
(Daudi), and human lung small cell carcinoma (N291)
were obtained from the American Type Culture Collec-
tion (Rockville, MD). A human lung adeénocarcinoma
cell line (PC-9) and lung small cell carcinoma cell line
(H-69) were kindly supplied by Dr. Y. Hayata (Tokyo
Medical College, Tokyo) and Dr. Y. Shimosato (Na-
tional Cancer Center Research Institute, Tokyo), respec-
tively. Cell lines were maintained in culture in RPMI
1640 medium (Nissui Pharmaceutical Co., Tokyo) sup-
plemented with 109 heat-inactivated fetal bovine serum
(GIBCO Laboratories, Auckland, New Zealand) and
gentamicin (Schering-Plough, Osaka), designated as
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complete RPMI 1640 (CRPMI 1640) medium, at 37°C
in a humidified atmosphere containing 5% CO,. For
cytotoxicity assays, cultured target cells were used in the
exponential growth phase,

Reagents Recombinant human NKSF (natural killer cell

stimulatory factor; IL-12) was supplied by Genetics Insti-

tute (Tokyo). Recombinant human IL-2 was a gift from
Takeda Pharmaceutical Co. (Osaka), and had a specific
activity of 3.5 10° U/mg as assayed on IL-2-dependent
murine NKC3 cells.'"” One unit determined by this
method is equivalent to approximately 400 Japanese ref-
erence units (JRU). The anti-human IFNy antibody used
was a polyclonal rabbit antiserum prepared against
purified human IFNy and was a gift from Otsuka
Pharmaceutical Co., Tokushima., Recombinant human
IL-4 (specific activity, 10° U/mg protein) was a gift from
Ono Pharmaceutical Co., Osaka. Human TGFA (lot
No. A153023) was purchased from R & D Systems,
Minneapolis, MN. A monoclonal antibody specific to
human TNFa (IgM type, neutralizing activity 2.2 X 10°
U/ml) was a gift from Hayashibara Institute, Okayama.
None of these materials contained detectable endotoxins,
as judged by Limulus amebocyte assay (sensitivity limit,
0.1 ng/ml) (Seikagaku Kogyo Co., Tokyo).

Isolation and culture of human peripheral blood mono-
cytes Leukocyte concentrates were collected from pe-
ripheral blood (200 ml) of healthy donors in an RS-6600
rotor of a Kubota KR-400 centrifuge, and mononuclear
cells were separated from the leukocyte concentrates in
lymphocyte separation medium (Litton Bionetics). Then
monocytes were separated from the mononuclear cell
samples by centrifugal elutriation in a Hitachi SRR6Y
elutriation rotor.'”®'™ A fraction containing more than
95% of the total monocyte population was obtained at a
speed of 2000 rpm and flow rate of 20 mi/min. More
than 909% of these cells were monocytes as determined by
nonspecific esterase staining and morphological examina-
tion, and more than 97% were viable, as judged by the
trypan blue dye exclusion test. This fraction was washed
twice with phosphate-buffered saline, and resuspended in
RPMI 1640 medium supplemented with 5% heat-inac-
tivated fetal bovine serum and gentamycin, designated as
CRPMI 1640, at a concentration of 5% 10° monocytes
per ml. These cells were plated for 1 h in 96-well
Microtest 111 plates (Falcon, Oxnard, CA), and non-
adherent cells were removed by two washes with warm
RPMI 1640 medium. At this stage the purity of the
monocytes was > 99% as judged from their morphology
and nonspecific esterase staining.

Isolation of CD8* cells using antibody-coated immuno-
magnetic beads The sterile anti-CD8 antibody-coated
immunomagnetic beads (Dynabeads M-450; Dyna Inc.,
Great Neck, NY) were washed twice with ice-cold
CPMRI 1640, using a magnet to collect the beads. Then
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CD8" cells were isolated by using anti-CD8 antibody-
coated beads as described previously.’® Briefly, the bead
pellet (3X107/ml) was suspended in 5 ml of the cell
mixture (1X107 cells/ml) and incubated on ice with
gentle agitation every 5 min for 30 min. Then the tube
was inverted to resuspend the beads and placed in a
magnetic holder for 2 min. The supernatant was pipetted
off and the pellet was resuspended in 25 ml of cold RPMI
1640 and replaced in the magnet. This washing procedure
was repeated, and the beads were suspended in 50 ml of
CRPMI 1640 at 37°C for 16 h, The beads were then
removed from the cultures by vigorously agitating the
mixture in each plate with a Pasteur pipette and placing
the mixture in a magnetic holder. After 2 min, the
supernatant was pipetted off and saved for replating. By
this procedure more than 99% of the CD&" cells were
isolated, as judged by FACScan analysis (data not
shown). CD8" cells with or without monocytes were
plated at 10 cells/well into a 96-well Microtest III plates
(Falcon) and incubated for 4 days in medium with or
without 11.-2 at 37°C.

Cytotoxicity assay  Cell-mediated cytotoxicity was
assayed by measuring >'Cr release in a 4 h test period, as
described previously.?" Briefly, 10° CD8" cells were in-
cubated in CRPMI 1640 with NKSF and/or IL-2 in the
presence or absence of 10° monocytes in 96-well plates
for 4 days. In some experiments, anti-TNFa monoclonal
antibody or anti-IFNy antiserum was added. After 4
days, the supernatants were removed and frozen for
measurement of cytokines, while the remaining cells were
washed and their cytotoxicity against 3'Cr-labeled Daudi
cells was measured at an effector/target ratio (E/T) of
10:1. Preliminary experiments indicated that at this point
there was no difference in the number of lymphocytes
treated with IL-2 and/or NKSF in the presence or ab-
sence of monocytes (data not shown). Percentage cyto-
toxicity was calculated as 100 X (experimental cpm —
spontaneous cpm)/ (maximum cpm — spontaneous
cpm). The spontaneous releases observed with different
target cells ranged from 5 to 15% (total lysis).

Cell proliferation assay For proliferation assay, purified
CD8" cells were dispensed in triplicate wells in flat-
bottomed plates, and incubated for 4 days with various
concentrations of NKSF and/or IL-2. Eighteen hours
before the end of incubation *H-TdR (6.7 Ci/mmol:
Amersham, Arlington Heights, IL) was added at 0.5
mCi/well. After incubation, the cells were harvested on a
glass fiber filter with a cell harvester, MASH II, and
radicactivity was measured by counting the samples in a
S-counter.

Quantitative measurements of cytokines Enzyme im-
munoassays (EIAs) for human IFNy, IL-2, TNFx and
TNFB were performed essentially as described in detail
previcusly.'® Sensitivity limits of the EIAs for IFNy, IL-



2, TNFa and TNFS were 20 pg/ml, 20 pg/mi, 20 pg/ml
and 1 U/ml, respectively.

Statistical analysis The statistical significance of differ-
ences between groups was analyzed by means of
Student’s ¢ test (two-tailed).

RESULTS

Induetion by IL-12 of cytotoxic CD8™ T cells in the pres-
ence of monocytes First, we examined whether induc-
tion by NKSF of tumor cytotoxicity mediated by CDg”
T cells was dependent on monocytes. For this, CD8" T
cells were incubated for 4 days in medium with NKSF
(10 or 100 U/ml) in the presence or absence of mono-
cytes at densities of 0.05 X 10° to 2 X 10° cells. Represen-
tative results of 3 different experiments are shown in
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Fig. 1. Effect of monocyte density on induction of cytotoxic

CD8" cells by NKSF. CD8" cells (10°/well) were incubated
for 4 days in medium with or without NKSF in the presence
or absence of monocytes at the indicated densities, and then
their cytotoxic activities were assayed on Daudi cells at an
E/T ratio of 10:1, as described in “Materials and Methods.”
Bars show SDs of means for triplicate cultures.

Induction of Cytotoxic CD8™ Cells by NKSF/IL-12

Fig. 1. CD8" cells that had been incubated in NKSF-free
medium with or without monocytes did not show signifi-
cant cytotoxicity. Blood monocytes alone, irrespective of
NKSF treatment, were not cytotoxic (data not shown).
When blood CD8' T cells were treated with NKSF alone
in the absence of monocytes, low levels of tumor cyto-
toxicity were observed. Under the same experimental
conditions, full induction of cytotoxic CD8" cells by
NKSF was dependent on the density of monocytes
added.

In a parallel experiment we examined the effect of the
time of NKSF addition on induction of cytotoxic CD8*
cells in the presence of monocytes, NKSF was added to
cultures of CD8" cells plus monocytes on the days in-
dicated in Fig. 2 and incubation was continued until day
4, Addition of NKSF to the cultures at the onset of
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Fig. 2. Effect of time of NKSF addition on induction of
cytotoxic CD8" cells in the presence of monocytes. CD&"
cells {$0°/well) were incubated for 4 days in the presence of
monocytes (10%/well). NKSF was added on the indicated
days and cytotoxicity was assayed on day 4. Bars show SDs of
means for triplicate cultures. Data are representative of three
experiments.

Table I.  Antitumor Activity of NKSF-induced Cytototoxic CD8* Cells against Various Lung Cancer
Cells

T Addition of Percent specific cytotoxicity

reatment monocytes Daudi PC9 H-69 N291
Medium - 1.2+0.59 1.5E1.0 0 0.2+0.7
+ 14.1+4.8% 2.913.0 49+1.5% 6.6+0.99
NKSF - 31108 1.6+1.0 0 0.7f1.6
10 U/ml + 26.6+3.59 14.5+3.89 11.8+0.29 28.1+1.8%

a) Mean = SD for triplicate cultures.

b) Significantly different from the value without monocytes (P<0.03).

855



Jpn. J. Cancer Res. 85, August 1994

incubation resulted in the greatest induction of cytotoxic
activity, and on its addition at later times, its augmenting
effect became progressively less.

Antitumor spectrum of NKSF-induced cytotoxic CD8™"
cells We examined the antitumor activities of NKSF-
induced CD8™ cells against various human lung cancer
cells. For this, CD8* cells (10°/well) with or without
monocytes {10*/well) were incubated for 4 days in
medium with NKSF (10 U/ml) before addition of vari-
ous target cells at an E/T ratio of 10:1. Monocytes (10%/
well) alone that had been treated with or without NKSF
did not show cytotoxicity to any of the target tumor cells
(data not shown). The results in Table I show that CD§"
cells that had been co-cultured with monocytes without
NKSF were significantly cytotoxic to Daudi cells, H-69
and N291 cells, and that in the presence of monocytes,
NKSF induced cytotoxic activity of CD8% cells against
all the target cells examined.,

Effect of NKSF on proliferation and cytofoxicity of
immunomagnetically purified CD8* T cells in response to
IL-2 To determine the effect of NKSF on proliferation
of CD8" T cells, we incubated CD8" T cells purified
immunomagnetically from normal blood lymphocytes
for 4 days in medium with various amounts of NKSF in
the presence or absence of IL-2, and then determined
their proliferative responses by measuring their *H-TdR
uptake. Purified CD8" T cells proliferated dose-depen-
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Fig. 3. Dose-dependence of the effect of NKSF on prolifera-
tion of purified CD8" T cells in the presence of monocytes in
response to IL-2. CD8* cells (10°/well) and monocytes (10%/
well) were incobated with the indicated concentrations of
NKSF and/or IL-2 (5, 50 or 500 U/ml). *"H-TdR incorpora-
tion was determined after incubation for 4 days. Data are
representative of three separate experiments, Bars show SDs
of means for triplicate cultures.
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dently in response to IL-2, and addition of NKSF (1-100
U/ml) to cultures of CD8" cells plus IL-2 resulted in a
significant increase in CD8* cell proliferation (Fig. 3).
We also examined the effect of addition of IL-2 on
induction of cytotoxic CD8" cells by NKSF in the
presence or absence of monccytes. For this, magnetically
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Fig. 4. Dose-dependence of effect of NKSF on induction of
cytotoxic CD8" T cells in the presence or absence of mono-
cytes in response to IL-2. CD8* cells (10°/well) with
(squares) or without monocytes (10*/well) (circles) were in-
cubated for 4 days with or without the indicated concentra-
tions of NKSF in the absence {open symbols) or presence of
3 U/ml (A) or 500 U/ml (B) of IL-2 (closed symbols).
Then, their cytotoxic activity against Daudi cells was deter-
mined at an E/T ratio of 10:1. Data are representative of
three separate experiments. Bars show $Ds of means for tripli-
cate cultures,



isolated CD8" cells with or without monocytes were
incubated for 4 days in medium with or without a sub-
optimal (5 U/ml} or an optimal (500 U/ml} concentra-
tion of IL-2 in the presence or absence of NKSF at
concentrations of 0.01 to 100 U/ml, and then their
cytotoxic activities were measured. As shown in Fig. 4,
induction of cytotoxic CD8" cells by both suboptimal
and optimal doses of IL-2 was augmented by addition of
monocytes. Similarly, monocytes angmented the induc-
tion of cytotoxic CD8" cells by NKSF at concentrations
of more than 1 U/ml. The maximal cytotoxicity
mediated by NKSF-stimulated CD8" cells was con-
sistently lower than that of those stimulated with TL-2.
Under similar experimental conditions, NKSF and a
suboptimal concentration of IL-2 did not have syner-
gistic effects on the induction of the cytotoxic activity.
On the contrary, NKSF suppressed the induction of
cytotoxic CD&™ cells by an optimal concentration of IL-
2 in the presence of monccytes. In a parallel experiment,
we compared the abilities of CD8* cells plus monocytes
of 6 different donors stimulated for 4 days with optimal
concentrations of IL-2 and NKSF to kill Daudi cells, The
maximum cytotoxic activity of NKSF-stimulated CDg8"
cells varied from 11.0% to 66.1% (mean 39.3%) of
those stimulated with IL-2 (data not shown).

Stimulations of IFNy and TNFa productions by CD8* T
cells by NKSF and/or IL-2 NKSF has been found to
induce IFN7y production by NK cells and T cells.'"” We
examined whether NKSF induced cytokine production
by CD8" cells in the presence or absence of monocytes.
For this, CD8" cells (10°/well) with or without mono-
cytes (10°/well) were incubated for 4 days in medium
with or without NKSF (1, 10 and 100 U/ml), and then
the supernatants were harvested for quantitative mea-
surements of IFNy, IL-2, TNFa and TNF35. Of these four
cytokines only IFN-y was produced in significant quan-
tity by CD8™ cells stimulated with NKSF (more than 10
U/ml) in the presence of monocytes (data not shown).

Table II.
Absence of Monocytes

Induction of Cytotoxic CD8" Cells by NKSF/I1.-12

In a paraliel experiment, we examined the effect of IL-
2 plus NKSF on IFNy and TNFg production by CD§"
cells in the presence or absence of monocytes (Table II).
Significant IFNy production by CD87 cells was induced
by the synergistic action between NKSF and IL-2 at
suboptimal concentrations. Addition of monocytes ( 10%/
well) to cultures of CD8* cells (10°/well) resulted in a
marked increase in IFNy production by CD8' cells
stimulated with NKSF plus IL-2. Under these experi-
mental conditions CD8" cells with or without NKSF
and/or IL-2 did not produce a detectable amount of
TNFa (data not shown).
Effect of anti-IFNy antiserum on induction of cytotoxic
CDS* cells by NKSF CD8" cells were incubated with
monocytes for 4 days in medium with various concentra-
tions of NKSF in the presence or absence of anti-IFNy
antiserum before addition of labeled target Daudi cells.
As shown in Fig. 5, in the presence of monocytes, cyto-
toxic CD8" cells were induced by NKSF dose-depen-
dently. Addition of anti-IFNy antiserum to the cultures of
CD8" cells and monocytes with NKSF resulted in signifi-
cant suppression of the induction of cytotoxic CD8* cells
{Fig. 5A). Under the same conditions, anti-TNFa anti-
body did not affect the induction of cytotoxic CD8™ cells
by NKSF (Fig. 5B).
Effects of IL-4 and TGFS on induction of cytotoxic
CD8* cells by NKSF in the presence of monocytes [L-4
and TGEFB have been found to suppress various func-
tions of monocyies.'*?2Y Therefore, we examined
whether IL-4 or TGFS affected the induction of cyto-
toxic CD8™ cells by NKSF in the presence of monocytes
(Fig. 6). IL-4 did not suppress NKSF-induced genera-
tion of cytotoxic CD8" cell activity. In 2 out of 5
different donors, significantly higher cytotoxic activity
was observed with the IL-4 plus NKSF combination. In
contrast, TGFS (1 ng/ml) almost completely inhibited
NKSF-induced generation of cytotoxic CD87 cells in the
presence of monocytes.

IFNy Production by CD8* Cells Stimulated with NKSF and/or IL-2 in the Presence or

Production of IFNy (pg/ml)

NKSF

(U/ml) Medium IL-2 (5 U/ml) IL-2 (500 U/ml)
Medium Monocytes Medium Monaocytes Medium Monocytes
0 <20 <20 <20 <20 <200 32209
0.01 <20 <20 <20 53 <200 nd?
0.1 <20 <20 28 415 <200 5680
1 <20 <20 57 893 <200 11110
10 <20 72 69 3618 <200 38620
100 <20 489 nd 4436 500 nd

@) Samples of culture supernatants were diluted 10-fold with phosphate-buffered saline, and used for

quantitative measurement of IFNy.
b) Not done.
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Fig. 5. Effect of addition of anti-IFNy antiserum or anti-
TNFg antibody on induction by NKSF of cytotoxic CD8" T
cells in the presence of monocytes. CD8™ cells (10°/well) with
monocytes (10%/well) were incubated in medium with or with-
out the indicated concentrations of NKSF in the presence
(closed circles) or absence (open circles) of anti-human IFNy
antiserum (A) or monoclonal anti-human TNFa antibody
(B). After 4 days, their cytotoxic activities against Daudi
cells were assayed at an E/T ratio of 10:1. Bars show SDs of
means for triplicate cultures. Data are representative of two
independent experiments

DISCUSSION

NKSF (IL-12) is a novel heterodimeric cytokine that
was recently isolated from the culture medium of
Epstain-Barr virus-transformed human B lympho-
blastoid cell lines.!? Although NKSF produced endoge-
nously by the B cell line and normal human blood mono-
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Fig. 6. Effect of IL-4 and TGFS on induction of cytotoxic
CD8" cells by NKSF in the presence of monocytes. CD§*
cells (10°/well) plus monocytes (10%) were incubated for 4
days with or without NKSF in the presence or absence of
IL-4 (100 U/ml) or TGFA (1 ng/ml). Then, the cells were
used for tumor cytotoxicity assay as described in “Maierials
and Methods.” Bars show SDs of means for 5 different experi-
ments (A) and for 2 different experiments (B).

nuclear cells has been reported to induce proliferation of
activated NK and T cells,*** the effects of NKSF on
human CD8&" T celis have not been described in detail.
The present study clearly demonstrated that resting
human CD8" cells alone fail to respond to NKSF, but
that they can proliferate in response to NKSF in the
presence of monocytes. The presence of monocytes was
also required for NKSF-induced CD8" cell-mediated
cytotoxicity. This finding is in contrast to a previous
report' that augmentation of NK activity by NKSF
does not require accessory cells. Furthermore, CD8*
cells stimulated with NKSF in the presence of monocytes
were also nonspecifically cytotoxic to all the allogeneic
lung cancer cell lines used as target cells (Table ).



The present finding that maximal induction of cyto-
toxic CD8" cells by NKSF requires continuous interac-
tion with autologous monocytes (Fig. 2) suggests that
NKSF is required for differentiation of cytotoxic precur-
sars into effector CD8" cells. NKSF can affect the func-
tional state of cytotoxic effector cells independently of its
ability to stimulate proliferation. When monocytes were
present, the maximal cytotoxic activity of CD8" cells
induced by an optimal dose of IL.-2 was much greater
than that induced by an optimal dose of NKSF. IFNy is
known to be required for induction of cytotoxic T cells
by IL-2.%2" NKSF also triggered CD8™ cells to secrete
IFN7, but not TNFa, TNEFA or IL-2. In this regard, it
would be interesting to examine whether the effect of
NKSF on the induction of cytotoxic CD8" cells in the
presence of monocytes is mediated by other induced
cytokines, We obtained evidence for a role of IFN7, but
not TNFa, in NKSF-induced cytotoxic activity between
CD8" cells and monocytes (Fig. 5). This enhancing
effect was almost completely abolished by a specific
IFN7y-neutralizing antiserum, but was not affected by an
anti-TNFa antibody. These findings suggest that NKSF
stimulates CD8* cells in the presence of monocytes to
produce IFN7, which may be required to augment the
cell-to-cell interaction between CD8" cells and mono-
cytes for differentiation of CD8™ cells to becote cyto-
toxic effector cells.

A high concentrations, IL-2 induces maximal pro-
liferation of T cells in the presence of monocytes irre-
spective of a CD3/TCR co-signal.®® In contrast, NKSF
mediates cytotoxic T cell proliferation only when the
cells have recently been co-stimulated with alloantigen or
anti-CD3 antibody.”*” In the present study IL-2 in-
duced proliferation of CD8" cells dose-dependently, but
NKSF alone did not induce their proliferation.

Interestingly, NKSF at concentrations of 1 to 100
U/mi augmented IL-2-induced proliferation and IFNy-
producing ability of CD8* cells. In contrast, NKSF and
IL-2 did not have synergistic effects in induction of
cytotoxic CD8" cells, but instead NKSF dose-depen-
dently suppressed the induction of cytotoxic CD8% cells
by an optimal concentration of IL-2. The mechanism of
the latter effect by NKSF is unknown: conceivably
NKSF functions in control of the induction of IL-2-
inducible killer activity from CD8" cells, and so can
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