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A protein factor which induces high levels of gamma interferon (IFN-y) in resting splenic nonadherent cells
was isolated from the sera of mice with generalized inflammation caused by endotoxic shock. The factor was
highly purified by ammonium sulfate precipitation followed by ion-exchange column chromatography on

DEAE-Sepharose, molecular sieving on Ultrogel AcA 44, and hydrophobic column chromatography with
phenyl-Sepharose. It was further purified to apparent homogeneity by polyacrylamide gel electrophoresis. It
induced IFN-y production in a dose-dependent manner in the presence of interleukin-2, monoclonal anti-CD3
antibody (anti-CD3 MAb), or concanavalin A (ConA) in spleen cells deprived of plastic plate- and nylon
wool-adherent cells. Anti-CD3 MAb induced the highest level of production of the three. The factor,
interleukin-2, anti-CD3 MAb, or ConA alone induced a trace ofor no detectable IFN-y in these cells. The factor
also exhibited an accessory function during proliferation in these cells in the presence of a suboptimal dose of
ConA. However, the factor failed to stimulate IFN-y production when staphylococcal enterotoxin A, a

superantigenic T-cell mitogen, was employed. Treatment with pronase or heat abolished these activities. These
studies confirm the existence of a soluble protein factor which is able to exhibit a novel accessory function in
IFN-y production in resting T or natural killer cells. It will be of interest to compare this factor with the
recently cloned human natural killer stimulatory factor (NKSF/IL-12).

It is believed that gamma interferon (IFN-,y) is involved in
the immune system through regulation of the expression of
surface antigens of mononuclear cells or by augmentation of
antimicrobial and antitumor functions of lymphoid cells or
macrophages (7). Recent investigations have also indicated a
role for IFN--y in the regulation of antibody formation for
each class (29). The involvement of IFNs in inflammatory
responses has been also demonstrated by using lipopolysac-
charide (LPS) as an inflammatory stimulus (11). Thus, IFN--y
may be concerned with both inflammatory and immune
responses in vivo.

As for the mechanism of IFN--y production, interleukin-2
(IL-2) has been found to induce IFN--y in both human and
murine lymphoid cells (8, 10, 13, 25-28, 31), and a depen-
dency on IL-2 receptors has also been suggested (15, 17, 21).
Although the macrophage requirement for effective produc-
tion has been indicated by investigations using antigens or
lectins (2, 5, 6, 14), the roles of accessory cells in the
induction of IFN--y by IL-2 are still obscure. Some of the
authors claiming a requirement for accessory cells have
claimed that the functions of accessory cells are exhibited
through cell-to-cell contact (3, 19), while others have stated
that there are soluble 'factors which can substitute for
accessory cells (1, 17, 34). Since IFN--y is said to be
produced by CD4+ or CD8+ T cells and natural killer (NK)
cells, IFN-y production by each cells may be induced in a

different manner, thus leading to a different conclusion
according to the different experimental systems.

Recently, the division of helper T (Th) cells into two
subsets was proposed on the basis of distinct requirements
for costimulatory signals or for different cytokine secretions
(18, 20, 33). One subset, Th2, which secretes IL-5, IL-6, or
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IL-10, utilizes IL-4 as a growth factor and requires IL-1 as a
cofactor. The other subset, Thl, which secretes IFN-y and
IL-2, is said to be concerned with cellular immunity, but
there has been no definite conclusion about costimulatory
signals for its differentiation. On the other hand, it has long
been known that immune responses to some bacterial or
protozoan antigens are biased to either cellular or humoral
immunity, and the regulation of differentiation of such Th
cell subsets may be concerned with the biased immune
response (12). Thus, the effort to clarify the induction
mechanism of IFN--y, which plays a central role in cellular
immunity, also becomes involved in the study of the differ-
entiation of Thl cells.
Apart from being used in studies on IFN--y induction with

specific antigens, LPS was also shown to induce IFN--y both
in vivo (23, 32) and in vitro (3, 17, 19, 24), being dependent
on IL-2 in most cases, and IFN-y was also demonstrated to
be involved in inflammatory responses caused by LPS (11).
We also found that sera obtained from mice variously
pretreated with Propionibactenum acnes or Mycobactenium
bovis BCG and challenged with LPS exhibited marked
abilities to induce IFN-,y in resting mouse spleen cells
deprived of plastic- and nylon-adherent cells (22). Some
unidentified factor with a molecular size of approximately 70
kDa and able to stimulate IFN-y secretion dependent on the
presence of IL-2 was suggested as being involved.

In order to extend these observations and confirm whether
a single factor exerted the costimulatory action, we aimed to
purify this factor for characterization and clarification of its
roles. In the present experiments, the purified factor exhib-
ited a marked costimulatory effect on IFN--y production in
spleen nonadherent cells stimulated with monoclonal anti-
CD3 antibody (anti-CD3 MAb) or concanavalin A (ConA). It
will be of interest to investigate the relationship of the factor
and the regulation of Thl-like responses in vivo. Recently,

64

Vol. 61, No. 1



COSTIMULATORY SIGNAL FOR IFN-y PRODUCTION 65

NK stimulatory factor (NKSF/IL-12) was characterized, and
its cDNA was cloned from human B-cell lines (4, 9, 16, 30,
35). The molecular weight or other characteristics of biolog-
ical actions are similar to those of the factor used in this
study. It will also be interesting to examine whether NKSF/
IL-12 exists experimental animals, since NKSF/IL-12 may
play physiologically important roles in the mechanism of
defense against infection.

MATERIALS AND METHODS

Mice. Inbred C3H/HeJ mice and outbred ICR mice (fe-
male, 7 to 8 weeks of age) were purchased from the Shizuoka
Laboratory Animal Center, Hamamatsu, Japan. Since P.
acnes-treated ICR mice exhibited sensitivity to LPS equal to
that of P. acnes-treated C57BL/6 mice and produced more
IFN--y-inducing factor per mouse, ICR mice were employed
in the experiment described here (22).

Bacteria. P. acnes ATCC 11827 (formerly designated
"Corynebacteriumparvum") was grown in brain heart infu-
sion medium supplemented with L-cysteine (0.03%) and
Tween 80 (0.03%) by stand cultures. Cells were harvested,
washed with phosphate-buffered saline (PBS) by centrifuga-
tion, suspended in PBS, and exposed to a temperature of
60°C for 1 h.

Reagents. LPS (Eschenchia coli 0127:B8; Difco Labora-
tories, Detroit, Mich.) and ConA (Pharmacia, Uppsala,
Sweden) were obtained commercially. Recombinant human
IL-2 (27,590 U/mg) was kindly donated by Takeda Chemical
Industries, Osaka, Japan. Recombinant human IL-la and
recombinant tumor necrosis factor alpha were kindly do-
nated by Dainippon Pharmaceutical Co., Osaka, Japan.
Staphylococcal enterotoxin A (SEA) was obtained as de-
scribed before (23).

Antibodies. Anti-murine IFN--y antiserum and anti-IL-2
receptor MAb were obtained commercially from Lee Bio-
molecular Research Laboratories Inc., San Diego, Calif.,
and from Boehringer GmbH, Mannheim, Germany, respec-
tively. Specific antiserum against murine IFN-a/l was
kindly provided by Y. Kawade of the Institute for Virus
Research, Kyoto University, Kyoto, Japan (23). Purified
hamster anti-CD3 MAb was obtained from PharMingen, San
Diego, Calif. Anti-Thy-1.2 MAb of the immunoglobulin M
class (Serotec Ltd., Bicester, United Kingdom) was com-
mercially obtained.
Treatment of mice and serum preparation. Mice were

injected intraperitoneally with 0.2 ml of PBS containing 10
mg (wet weight) of heat-killed P. acnes. Mice were chal-
lenged intravenously with 1 ,ug of LPS in 0.2 ml of PBS 1
week after pretreatment by P. acnes, when massive hepato-
splenomegaly was observed. Since IFN--y and IFN--y-induc-
ing factor appeared in the serum as a function of time (22),
blood was taken from the heart at 2 h after LPS challenge
and pooled, and serum was isolated. This serum contained
IFN-a/1 but not IFN--y, which appeared about 2 h later.
Although live BCG was available for pretreatment (22),
killed P. acnes was employed for the present study because
the latter grew more rapidly and the incubation period for
pretreatment was much shorter (23, 32).
Assay of the factor: induction assay for IFN-y. The factor

was assayed for its ability to induce IFN--y in plastic plate-
and nylon wool-nonadherent (NWNA) cells in the presence
of 10 U of IL-2 or sometimes anti-CD3 MAb (1 ,ug/ml). The
titer was tentatively expressed as the samJle dilution re-
quired to induce 160 U of IFN--y per ml in 10 lymphoid cells
per ml. Spleens of normal untreated C3H/HeJ mice were

excised, minced, and exposed to 0.144 M NH4Cl in 0.017 M
Tris hydrochloride (pH 7.2) to disrupt erythrocytes. The
cells were washed with minimum essential medium (Flow
Laboratories, Inc., Inglewood, Calif.) supplemented with
5% fetal bovine serum (Bocknek Laboratories Inc., Rexdale,
Ontario, Canada) and then suspended in RPMI 1640 medium
supplemented with 10% fetal bovine serum, L-glutamine,
penicillin (100 U/ml), and streptomycin (100 jg/ml). For the
preparation of plastic-nonadherent and NWNA cells, cell
suspensions were incubated in plastic plates (Becton Dick-
inson Overseas Inc., Oxford, Calif.) for 60 min at 37°C,
nonadherent cells were gently gathered and centrifuged, and
5-ml samples of the cell suspensions (5 x 107 cells per ml)
were applied to a nylon wool column (15 ml) equilibrated
with the same medium. Nonadherent cells were eluted with
prewarmed medium, washed by centrifugation, and resus-
pended. Viable cells were counted by the trypan blue dye
exclusion test, and the cell concentration was adjusted to 107
cells per ml for use. Most of the nonspecific esterase-positive
cells were removed by these procedures. However, nonad-
herent non-T cells were still existent in a considerable ratio
when analyzed by fluorescence-activated cell sorting (ratio
of CD4+/CD8+/non-T nonadherent cells was 43:17:40), al-
though the resulting T- or NK-cell-enriched suspension was
able to produce no detectable or only trace amounts of
IFN--y upon stimulation with SEA or ConA. NWNA cells in
0.15 ml of the medium described above were placed in a
96-well flat-bottomed microtest culture plate (Becton Dick-
inson). IL-2, anti-CD3 MAb, ConA, or variously diluted
samples of the factor dissolved in 0.05 ml of PBS were added
to the cultures. Cultures were incubated for 24 or 40 h in an
atmosphere containing 5% CO2 at 37°C, and the culture fluid
was then employed for IFN assay.
IFN-y assay. Assay for IFN--y was carried out as described

previously (22) by measuring the capacity to inhibit the
cytopathic effect of vesicular stomatitis virus on mouse L
cells. Characterization of IFNs was performed by using
specific anti-murine IFN antibodies. Titers were expressed
in international reference units calibrated against National
Institute of Health mouse reference IFN (G002-904-511).

Purification procedure. DEAE-Sepharose CL-6B (Phar-
macia), Ultrogel AcA 44 (IBF Biotechnics, Villeneuve-la-
Garenne, France), and phenyl-Sepharose CL-4B (Pharma-
cia) were all obtained commercially.
PAGE. Polyacrylamide gel electrophoresis (PAGE) and

sodium dodecyl sulfate (SDS)-PAGE with 2-mercaptoetha-
nol were performed on polyacrylamide gradient gel prepared
by Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan. Gels
were stained with silver by using a staining kit (Wako Pure
Chemicals, Osaka, Japan).

Proliferation assays. C3H/HeJ spleen NWNA cells (4 x
105 cells per 130-,ul total volume) were cultured in RPMI
1640 medium supplemented with 10% fetal bovine serum,
L-glutamine, penicillin (100 U/ml), and streptomycin (100
pg/ml). Samples of the factor together with a suboptimal
dose of ConA (0.5 ,ug/ml) were added to cells and cultured
for 56 h. Cultures were pulsed with 0.25 ,uCi of [3H]thymi-
dine per well during the final 8 h of culture and harvested.
[3H]thymidine uptake was measured in a Packard 460 scin-
tillation counter.

RESULTS

Purification of the factor. The sera of endotoxin-shocked
mice exhibited strong IFN--y-inducing activity in T lympho-
cytes (22) and were therefore used for purification of the

VOL. 61, 1993



66 NAKAMURA ET AL.

FRACTION NUMBER

50 100 150
FRACTION NUMBER

'I,
E

U-

U-

0

w

E

cD

co

20 40 60 80 100
FRACTION NUMBER

200

factor. Pooled mouse serum (300 ml) was first fractionated
with ammonium sulfate ranging from 55 to 75% saturation.
Almost 100% of the factor's activity was precipitated in this
range. About one-third of the serum protein, probably con-
taining immunoglobulin, was precipitated with a concentra-
tion of ammonium sulfate of less than 55%. The precipitate
(4,212 mg) was dialyzed against 0.02 M sodium phosphate
buffer (PB, pH 7.2) and applied to a DEAE-Sepharose
column. The factor eluted at an ionic strength of about 0.15
M NaCl (Fig. 1A). Each fraction was assayed for the factor,
and the active fractions were combined, concentrated with
ammonium sulfate, dialyzed against 0.02M PB, applied to an
Ultrogel AcA 44 column (2.8 by 90 cm), and equilibrated
with 0.02 M PB (pH 7.2) (Fig. 1B). The activity eluted a little
faster than bovine serum albumin, exhibiting a single sym-
metric peak, and the molecular size was estimated at 70 to 75
kDa, as reported previously (22). The fractions containing
activity were again precipitated with ammonium sulfate,
dialyzed against 1.0 M ammonium sulfate in 0.02 M PB,
applied to a phenyl-Sepharose column (3 by 10 cm), and
equilibrated with 1.0 M ammonium sulfate in 0.02M PB. The
column was washed with the same buffer containing ammo-
nium sulfate and eluted with ammonium sulfate at 1.0 to 0.1
M (Fig. 1C). Each fraction was assayed for the factor after
removal of ammonium sulfate by dialysis. Most of the
activity was recovered in the fractions which contained little
protein according to UV detection. During all these purifi-
cation procedures, the factor could be traced as a single
component. The factor was concentrated by lyophilization
when necessary. Data on the purification procedure are
summarized in Table 1.
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FIG. 1. (A) Fractionation of IFN--y-inducing factor by DEAE-
Sepharose column chromatography. Proteins were eluted from the

I column (3 by 35 cm) by using a gradient of 0 to 0.25 M NaCl in 0.02
M PB (300 ml each). Protein concentration was monitored by UV

E absorption. (B) Gel filtration of IFN--y-inducing factor by Ultrogel
\ AcA 44 column chromatography. Standard proteins used for esti-

mation of molecular weights were RNase A, chymotrypsinogen A,
, ovalbumin, bovine serum albumin, and blue dextran 2000. Molecu-
z lar weights (in thousands) are indicated at top of the figure. VO, void
L volume. (C) Elution pattern of IFN--y-inducing factor in hydropho-
0 bic column chromatography with phenyl-Sepharose. Proteins were
co eluted with an ammonium sulfate gradient from 1.0 to 0.1 M (200 ml
F each). Each fraction was dialyzed against 0.02 M PB to remove

F ammonium sulfate and assayed for IFN-y-inducing activity. A
sample from each fraction was added to the culture of spleen
NWNA cells (1.5 x 10' cells per well) at a dilution of 1/10 in the
presence of IL-2 (1 U/ml), and the culture supernatant was assayed
for IFN--y activity after 24 h. OD 280 nm, optical density at 280 nm.

Gel electrophoresis analysis of the factor. To examine the
purity of the factor prepared as described above, we elec-
trophoresed the purified sample by gradient PAGE in Tris-
glycine buffer (pH 8.6). One of the lanes was stained with
silver, and the identical gel was sliced (1 mm) and extracted
in PB (pH 7.2) for electrophoresis. As shown in Fig. 2A, lane
a, the purified factor exhibited two bands on PAGE, and the
biological activity corresponded to the slow-moving upper
band. The active extract from the gel was concentrated and
again electrophoresed (Fig. 2A, lane b). The stained band
appeared homogeneous. The same extract was subjected to
SDS-PAGE (Fig. 2B, lane c), and unexpectedly, an appar-
ently single band with a molecular size of 50 to 55 kDa was
observed.

Characterization of the factor. Physicochemical character-

TABLE 1. Summary of procedures for purification of
INF--y-inducing factor

Protein Total Recovery Sp actProcedure (mg) activity

Serum 6,048 204,800 100 34
Ammonium sulfate 4,212 206,700 100 49
DEAE-Sepharose 1,428 146,200 71 102
Ultrogel 313 100,700 49 322
Phenyl-Sepharose 0.123 34,850 17 283,333

a The titer (1 U/ml) of IFN--y-inducing factor was tentatively expressed as
the maximum dilution necessary to induce 160 U of IFN-y in the culture.
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TABLE 3. Dual requirement for stimulant and
IFN-y-inducing factora

Treatment IFN-y produced
(mean IU/ml + SD)

IL-2 (10 U/ml)....................................... <10 ± 0
ConA

0.5 pg/ml....................................... <10 ± 0
5.0 ,g/ml....................................... 52 +26

Anti-CD3 MAb (1 1Lg/ml) ................................ 20 ± 12
IFN--y-inducing factor (1/20) ................. ........... 16 + 5

+IL-2 ....................................... 1,280 ± 783
+ConA (0.5 i±g/ml) ..................................... 1,024 + 350
+Anti-CD3 MAb ....................................... 3,840 + 1,810
+LPS (10 ,ug/ml) ....................................... <10 ± 0
+SEA (1 ,ug/ml) ....................................... <10 + 0
+Anti-Thy-1 antibody (1/25) ......................... <10 ± 0

SEA (whole spleen cells) ................................ 1,152 ± 286
ConA (whole spleen cells) ............................... 12 ± 4
Anti-CD3 MAb (whole spleen cells) .................. <10 ± 0

a Phenyl-Sepharose eluate was employed as the IFN-y-inducing factor at
the final dose (1/20). NWNA cells were prepared from the spleens of C3H/HeJ
mice by carefully passing cells through nylon wool twice. Cells (107/ml) were
stimulated with various stimulants, and culture supematants were assayed for
IFN-y activity. Average values were calculated from five samples.

FIG. 2. Electrophoresis of IFN--y-inducing factor. The eluate
from phenyl-Sepharose column chromatography was subjected to
PAGE (lane a) and stained with silver, the equivalent gel was sliced
to 1-mm thickness, and the proteins were extracted by electrophore-
sis and assayed for IFN-y-inducing activity. The active extract was
again electrophoresed on the same gel by PAGE (lane b) and
SDS-PAGE (lane c). Gels were stained with silver. Lane d repre-
sents molecular size standards (in kilodaltons).

ization of the purified factor regarding heat stability and
sensitivity to protease, DNase, and 2-mercaptoethanol was
carried out (Table 2). The factor was labile to heat treatment
and protease treatment. Treatment with 2-mercaptoethanol
resulted in augmented ability to induce IFN-y. DNase treat-
ment had no effect on the activity.
Dual requirement and effect of a dose. As shown in Table 3,

the partially purified factor (phenyl-Sepharose eluate) alone,
IL-2, a suboptimal dose of ConA, or anti-CD3 MAb alone
failed to induce IFN-y in NWNA cells. However, combined
stimulation with partially purified factor and IL-2, ConA, or
anti-CD3 MAb produced marked induction in these cells.
This mutual dependency was strict, and almost no detectable

TABLE 2. Effects of various treatments on the factor

Treatment' IFN-y (meanIU/ml ±+ SD)

PBS..................... 3,413 ± 1,478
Pronase K (50 j±g/ml, 1 h)..................... 133 ± 46
DNase (5 ,ug/ml, 1 h) ..................... 3,413 + 1,478
RNase (5 ,ug/ml, 1 h) ..................... 2,560 ± 0
Heat (80'C, 60 min) ..................... 66 ± 23
pH 2 (overnight) ..................... 26 ± 11
2-Mercaptoethanol (0.1 mM) ........... .......... 4,266 + 1,478
6 M urea..................... 266 ± 92

amount was produced with a high dose of the factor alone.
However, LPS, SEA, or anti-Thy-1 MAb together with the
factor did not induce significant levels of IFN--y. SEA alone
induced a high level of IFN--y when supplemented with
adherent cells, while the factor failed to exhibit an enhancing
effect. Interestingly, the amount of IFN-,y produced by these
cells was dependent on the factor concentration when stim-
ulator, IL-2, ConA (suboptimal dose), or anti-CD3 MAb was
employed (Fig. 3). However, the requirement for a higher
dose of the factor was observed when IL-2 or ConA was
employed (Fig. 3), and anti-CD3 MAb induced a high level of
IFN--y in the smallest amount of the factor (Fig. 3). More
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FIG. 3. Mutual dependency between various stimulants and

IFN-y-inducing factor. 0, Dose effect of the factor on IFN--y
production by spleen NWNA cells in the presence of IL-2 (10 U/ml).
The partially purified factor (phenyl-Sepharose eluate) was diluted
by serial twofold dilution and added to the culture to give the
indicated final dose (by volume). IFN-y in the cultures was assayed
after 24 h as described in Materials and Methods. *, Dose effect of
the factor on IFN--y production in the presence of a suboptimal dose
of ConA (0.5 1lg/ml); A, dose effect of the factor on IFN--y
production in the presence of anti-CD3 MAb (1 j±g/ml).
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' IFN--y-inducing factor was variously treated and assayed for its costimu-
latory activity in NWNA cells in the presence of anti-CD3 MAb (1 ,ug/ml).
Each enzyme treatment was carried out at 37°C. Phenyl-Sepharose eluate
containing the factor was dialyzed to pH 2.0 against Tris-HCI, 2-mercapto-
ethanol, or 6 M urea in PB. After dialysis, the samples were dialyzed against
0.02 M PB (pH 7.2).
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FIG. 4. Effect of IFN--y-inducing factor on T-lymphocyte prolif-

eration in the presence of IL-2 or ConA. The purified factor was
serially diluted and added to the culture of NWNA cells (4 x 105
cells per ml) from normal spleens of C3H/HeJ mice as described in
the legend to Fig. 3. Each sample was measured for thymidine
incorporation in the presence of IL-2 (10 U/ml) or ConA (0.5 ,ug/ml).
For the measurement of thymidine incorporation, NWNA cells (4 x
105 cells per ml) were placed in a microwell in 130 ,ul of medium, and
20 ,ul of [3H]thymidine solution was added as described in Materials
and Methods. Average value and standard deviation for each sample
were calculated from the values for four wells.

than 1 p,g of the dose of anti-CD3 MAb per ml was required
in order to get the maximum level of induction.

Effect of the factor on cell proliferation. The effect of the
factor on T-lymphocyte proliferation was then examined.
When macrophage-depleted T lymphocytes from the normal
spleen were stimulated with IL-2 alone, almost no cell
proliferation was observed. However, the addition of par-

tially purified factor stimulated significant proliferation (Fig.
4). Cells treated with anti-Thy-1 antibody and complement
failed to take up thymidine when treated with the factor and
ConA. In comparison with IFN--y induction, T-lymphocyte
proliferation was only slightly stimulated by the factor alone.
Moreover, the partially purified factor exhibited accessory
functions in IFN--y production and proliferation in T lym-
phocytes when stimulated by a suboptimal dose of ConA
(0.5 ,ug/ml) (Fig. 4). A suboptimal dose of ConA alone
stimulated proliferation only slightly, while addition of the
partially purified factor enhanced the uptake of radioactive
thymidine by T lymphocytes about 50-fold at the maximum
dose employed. When ConA was added to the culture at the
optimal dose (5 ,ug/ml), proliferation was augmented eight-
fold.

Effect of antisera against various cytokines. Previously, we
examined various cytokines to assess whether they could
substitute for the present factor (22). We failed to find any
cytokine which could induce IFN-y in purified T lympho-
cytes in the presence of IL-2. In addition, since IL-1 is
reported to be an essential cofactor for IL-2-dependent
IFN-y induction (34), we examined whether anti-IL-1 anti-
sera inhibited IFN-y production induced by the combination
of IL-2 and the purified factor. No significant inhibition was
observed, and likewise, antibodies against tumor necrosis
factor, IL-4, IL-5, and IL-6 did not affect IFN-y induction by
the factor and IL-2 (data not shown).

DISCUSSION

Previously, we demonstrated that LPS induced an ex-
traordinarily high level of IFN-y in bacterium-treated mice
independent of immune stimuli (23, 32) and that some
soluble factor which stimulates IFN--y production in the
presence of IL-2 was evident in the circulation of such
animals or in the culture supernatants of peritoneal exudate
cells (22, 24). Thus, we wished to determine whether a single
factor had such a function and to clarify its characteristics if
possible. Since the experiments to establish an in vitro
production system for the factor failed, we tried to purify the
factor from the sera of mice with endotoxic shock (22). In the
present study, we purified an unidentified soluble protein
factor which was able to induce a markedly high level of
IFN--y in spleen nonadherent cells (Fig. 1, Table 1). The
factor was apparently homogeneous and composed of one
unit (Fig. 2).
The purified substance was much smaller by SDS-PAGE

(50 to 55 kDa) (Fig. 2B) than by the molecular sieve
technique (70 to 75 kDa) (22). We could find no explanation
for this. Since the molecular size was determined by molec-
ular sieve with a rather crude sample, interaction between
other molecules might have occurred. Alternatively, a small
fragment might have been lost during the purification proce-
dures. The molecular shape may also have influenced the
result. Since the factor lost its activity in SDS-PAGE, we
also failed to definitely establish that the band revealed by
SDS-PAGE was the factor. In any event, the molecular sizes
of most cytokines range from 20 to 30 kDa, making this
material comparatively large.
By using partially purified material, mutual dependence on

both various stimulants and the factor was elucidated (Fig. 3,
Table 3). IL-2, ConA, anti-CD3 MAb, or the factor alone
failed to induce IFN--y production in NWNA cells. Effective
IFN--y induction was observed only when the stimulants and
the factor were used together. The apparent dose effect of
the factor on IFN--y induction was observed for every
stimulant, and IL-2 needed the higher dose of the factor for
its accessory function. This dose effect may reflect the fact
that the factor is usually effective in the limited environment
where it is synthesized and that it appears in the circulation
only in case of systemic inflammatory reaction such as
endotoxic shock. That the factor failed to exert its accessory
function on NWNA cells stimulated with SEA may suggest
that the factor reveals its function through CD3 antigen
rather than T-cell receptor for antigens. Yet, detailed anal-
ysis on the dual requirement was not performed in the
present study. Binding of the stimulants to lymphoid cells
might occur prior to the binding of the factor, or the reverse
might occur.

Since the deprivation of macrophages eliminated or de-
creased IFN--y production induced by ConA in normal
spleen cells (22), the participation of macrophages in the
NWNA cells was considered negligible. In the present
study, ConA (suboptimal dose), SEA, anti-CD3 MAb, IL-2,
or LPS also failed to stimulate IFN--y secretion in NWNA
cells, which were carefully passed through nylon wool twice
(Table 3). The addition of adherent cells to a culture of
NWNA cells stimulated with SEA restored IFN--y produc-
tion, while addition to NWNA cells stimulated with a
suboptimal dose of ConA or anti-CD3 MAb did not. The
markedly high levels of IFN-y induction may be due to the
enrichment of IFN-y-producing cells, since the usual levels
produced in unseparated spleen cells by stimulation with an
optimal dose of ConA were 320 U/ml or less. Another
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possible explanation is that some adherent cells causing
feedback regulation were removed from the cells during
preparation ofNWNA cells. The cytokines IL-1, IL-3, IL-4,
IL-5, IL-6, and tumor necrosis factor, whose molecular
weights are much lower than that of the factor, failed to
substitute for the factor, and conversely, antibodies against
these cytokines did not inhibit the induction of IFN--y
production (data not shown). However, details of the mole-
cule such as its terminal amino acid sequence or amino acid
composition to be compared with details of the known
cytokines remain to be elucidated. We were unable to obtain
sufficient amounts of the factor for these purposes.
The cells producing the factor have also not been identi-

fied. In order to get enough factor for a detailed analysis of
its molecular characteristics, this problem of identification
should be solved. Established macrophage cell lines such as
P388D1 or RAW were examined, but no significant activity
was observed, perhaps because of the differentiation stage of
the macrophages or because cells other than macrophages
are responsible for production of activity. Recently, NKSF/
IL-12 was characterized and its cDNA was cloned from
human B-cell lines (4, 9, 16, 30, 35). It is desirable also to
examine B cells in murine systems, since the factor in the
present study is induced by LPS and LPS is a strong
stimulator for B cells. The apparent molecular weight of the
active form of NKSF/IL-12; its IFN-y inducibility; and the
synergy with IL-2, anti-CD3 MAb, or a mitogenic lectin are
all similar to those of the present factor. It will be of interest
to examine whether B cells produce a factor regulating the
function of T cells under physiological conditions.
Another difficulty concerns the cells responding to the

factor by producing IFN--y. Among IFN--y-producing CD4+
or CD8+ T cells and NK cells, each type of cell may respond
differently to different stimulants in the presence of the
factor. It is interesting that there are no differences among
mouse strains in their abilities to produce IFN--y, whereas
they show marked differences in their abilities to release the
factor in the circulation (22). That is, the IFN--y-inducing
factor was released hardly at all in the circulation of mice
genetically resistant to LPS, whereas there seemed to be no
difference in the responsiveness to the factor among LPS-
sensitive and -resistant strains.

In conclusion, we have successfully demonstrated the
existence of a soluble factor which is able to stimulate IFN--y
production in T lymphocytes or NK cells in cooperation with
various stimulants. It will be interesting to examine its
relationship to NKSF/IL-12 and to speculate on its roles
relavent to the regulation of the Thl subset, which is said to
be involved in cellular immunity in vivo.
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