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ABSTRACT

JOSK-I is a newly established human monocytic leukemia cell line

derived from the peripheral blood of a patient with acute myelomonocytic
leukemia. The cells possess immature monocytic features, both cytochem-

ical and immunochemical.
It was found that a high level of interleukin 1 (II.-1) was produced by

JOSK-I cells without any stimulation. The II -I production by JOSK-I

cells has the following characteristics: (a) constitutive; (b) cell concentra
tion dependent; and (c) minimal at the logarithmic growth phase and
maximal at the saturation density of cell growth. This constitutive pro
duction of 11.-1 was little affected by the addition of polymyxin B.

Partial purification of JOSK-I-derived IL-1 was performed by high-

performance liquid chromatography on HPHT hydroxylapatiteand INK
gel G3000 S\V columns. The activity was found in the molecular weight
range of 14,000 to 30,000 and over 70,000.

In chromatofocusing, JOSK-1-derived IL-1 exhibited two isoelectric
points, pi 6.9 and pi 5.9. Nearly 90% of the activity was immunoprecip-
itated with rabbit anti-human IL-1 antibody. These characteristics are
consistent with those of human monocyte-derived IL-1.

This cell line might be an ideal source of native IL-1 for investigating
the biological and biochemical characteristics of human IL-1 and its

clinical application.

INTRODUCTION

IL-13 is a low-molecular-weight polypeptide, produced by
monocyte-macrophage lineage cells, which plays many roles in
the host defense mechanism, such as in the stimulation of T
lymphocytes via interleukin 2 production, differentiation of B
lymphocytes, proliferation of fibroblasts, and stimulation of
acute-phase protein production (1, 2). In recent years, much
information about IL-1 has been reported, but some aspects of
the biological and chemical characteristics of human IL-1 are
still unclear (2, 3).

For studies of the properties of human IL-1, monocytic cell
lines, such as P388D1 shown in the study of murine IL-1, are
considered to be useful sources for the production of IL-1 (4).
However, establishment of these cell lines has in general been
difficult, and only a few cell lines, such as U937, CM-S, THP-
1, L428, SPI-802, and SK-hep-1, have been reported thus far
(5-10). In the present study, we demonstrated the high consti
tutive production of IL-1 by one of our newly established human
monocytic leukemia cell lines, JOSK-I (11), and discuss the
optimal conditions and the mechanism for its production. Sub
sequently, we performed the partial purification of JOSK-I-
derived IL-1.

MATERIALS AND METHODS

Characterization of JOSK-I Cells. JOSK-I is a recently established
cell line derived from the peripheral blood of a 72-year-old patient with
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acute myelomonocytic leukemia. We have maintained this line for more
than 12 months in suspension cultures in RPMI 1640 (Flow Labora
tories, McLean, VA) supplemented with 10% heat-inactivated (56Â°C

for 30 min) fetal calf serum (Flow Laboratories, Stanmore, New South
Wales, Australia), 100 11Â¡/mlpenicillin, and 100 pg/ml streptomycin.
Morphological, cytochemical, and immunochemical analyses were per
formed as described previously (11). The cultures were negative for
Mycoplasma infection, which was determined by a method using
Hoechst 33258 dye (Sigma Chemical Co., St. Louis, MO).

Preparation of JOSK-I Culture Supernatant*. Crude conditioned
media were prepared by cultivating JOSK-I cells for 48 h in RPMI
1640 with 1% FCS at 37'C in a humidified atmosphere of 5% carbon

dioxide. No stimulants for IL-1 production were added. Culture super
natants were collected by centrifugation at 4000 x g for 20 min and
sterilized with a Millex-GV 0.22-/xm membrane filter (Millipore Corp.,
Bedford, MA). The endotoxin content of the supernatants was deter
mined by the Toxicolor test (Seikagaku Kogyo, Ltd., Tokyo, Japan),
and no samples contained a significant amount of endotoxin (less than
1 ng/ml).

Interleukin 1 Assay. The supernatants were tested for IL-1 activity
by the thymocyte proliferation assay method with a minor modification
(4, 12). Briefly, thymocytes from 4- to 8-week-old C3H/HeSlc mice
(Shizuoka Laboratory Center, Shizuoka, Japan), 1.5 x 10" cells/ml,

were stimulated with 1.0 ng/ml of concanavalin A (Sigma) in 2UO-/J
cultures containing serial dilutions of samples for 48 h at 37Â°C.Then,
0.2 fiCi/well of [3H]thymidine (New England Nuclear, Boston, MA)

was added, and after a further 14 h incubation, the cells were collected
on glass-fiber filters. |'l 11Thymidine incorporation was measured with

a liquid scintillation counter. The results are expressed as the means
for triplicate samples. A standard IL-1 sample obtained from silica-
stimulated human adherent peripheral blood mononuclear cells was
used as a control (13).

Interleukin 2 Assay. Interleukin 2 activity was assayed with the
murine interleukin 2-dependent cell line, CTLL-2, according to the
method of Gillis et al. (14).

Effect of Polymyxin B on IL-1 Production by JOSK-I Cells. To
determine whether an undetectable amount of endotoxin contamination
in the medium is involved in the IL-1 production by JOSK-I cells,
polymyxin B, a well-known inhibitor of the endotoxin action ( 15), was
added to the culture system. Fifty units/ml of polymyxin B (Sigma)
were added at the beginning of the serial culture, the cells were collected
after 5 days and resuspended in RPMI 1640 with 1% FCS in the
absence or presence of varying amounts of polymyxin B. Conditioned
media were prepared after 48 h and tested for IL-1 activity as described
above.

Immunoprecipitation of JOSK-I-derived IL-1 with Rabbit Anti-Hu
man IL-1 Antibody. Immunoprecipitation of JOSK-I-derived IL-1 was
performed using a specific neutralizing antibody. One ml of the condi
tioned medium was incubated for 18 h at 4 '(' with 25 iti of rabbit anti-

human IL-1 antibody solution (Genzyme, Boston, MA), followed by a
30-m in incubation with Pansorbin (Calbiochem, San Diego, CA; 10%
solution of fixed Staphylococcus aureus cells). The residual IL-1 activity
in the supernatant was tested. As controls, both the IL-1 standard and
the conditioned medium were treated as the same manner in the absence
of anti-IL-1 and in the presence of preimmune rabbit serum.

Purification of JOSK-1-derived IL-1. Purification was performed
according to the method of KÃ¶ckand Luger (16, 17). First, 100 nil
portions of crude supernatants from JOSK-I cell cultures were concen
trated 10-fold by centrifugal lyophilization, after 10 mg of bovine serum
albumin (fraction V; Daiichi Pure Chemical, Tokyo, Japan) had been
added to protect the IL-1 activity (18). Then, the sample was desalted
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Table 1 Characteristics of the established human monocytic leukemia cell line,
JOSK-I

Cytochemical and immunochemical analyses were performed and the abbre
viations used were as described previously.

Reaction

Donor: N. I., 72-year-old female
Diagnosis: acute meylomonocytic leukemia
Growth pattern: suspension
Doubling time: 24-48 h
Morphology: Monoblastoid

Cytochemistry
Peroxidase -"
a-Naphthyl butyrate esterase ++
a-Napthyl butyrate esterase with sodium fluoride -
Naphthol ASD-chloroacetale esterase â€”
Acid phosphatase Â±

Surface marker
E-rosette formation â€”
Surface immunoglobulin -
OKIal ++
OKMI ++
OKM5 ++
Mo2
J5 -
* -, negative; Â±,faintly positive; +, positive; ++, strongly positive.
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Fig. 2. Cell concentration-dependent production of 11,1 by JOSK-I cells. II
1 production increased with the cell concentration.
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Fig. 1. Kinetics of IL-1 production by JOSK-I cells. JOSK-I cells at the

logarithmic growth phase, i.e., day 2 after the subculture (â€¢ â€¢),and those at
the saturation density, i.e., day 6 after the subculture (â€¢ â€¢),were collected
and resuspended at 2 x 10*cells/ml. After incubation for 48 h, the supernatants
were assayed for IL-1 activity. A supernatant obtained from silica-stimulated
normal peripheral blood monocytes was used as the IL-1 standard (O O).
I Â¡IK.thymidine. Bars, SD.

by gel filtrai ion on Bio-Gel P6DG gel (Bio-Rad, Richmond, CA). The
protein-containing fractions were lyophilized and rehydrated in 100 Â¿il
of the starting buffer and then subjected to HPLC on a Bio-Gel HPHT
hydroxylapatite column (Bio-Rad). Elution was carried out with a linear
phosphate gradient, from 0.01 M to 0.35 M, of sodium phosphate
containing 0.01 imi CaCl2 (pH 6.8) at a flow rate of 0.5 ml/min.
Eluents were monitored on the basis of the UV absorbante at 280 nm,
and 1.0-ml fractions were collected, lyophilized, and rehydrated with
100 n\ of distilled water. Ten nl of each fraction were used for testing
the IL-1 activity. Subsequently, IL-1-containing fractions were applied
to a TSK gel G3000 SW column (Toyo Soda, Tokyo, Japan) after
lyophilization and rehydration in 200 n\ of phosphate-buffered saline.
Elution was carried out isotrat Â¡tallywith 0.15 M phosphate-buffered
saline at a flow rate of 0.5 ml/min and monitored on the basis of the
UV absorbante at 280 nm. One-mi fractions were collected, and the
IL-1 activity was assayed as described above. Bovine serum albumin
(M, 66,000), RNase (M, 25,000), and cytochrome c (M, 12,400) were
used as molecular weight markers.

Chromatofocusing of JOSK-I-derived IL-1. Desalted and lyophilized
samples were redissolved in 25 IHMimidazole-HCl (pH 7.5) and applied

!â€¢Â».PCS

234567
Days in Culture

8

Fig. 3. Optimal conditions for IL-1 production by JOSK-I cells. The relation
ship between IL-1 production (E3) and cell growth (O) was investigated. Under
conditions with 5% FCS, JOSK-I cells at day S and day 8 after the subculture
were able to produce a high level of IL-1, but with 1% FCS JOSK-I cells at day
S produced little activity in spite of there being the same cell number as on day 5
with 5% FCS. The viability of the cells was stable except on day 8 under the 5%
FCS conditions (A). TdR. thymidine.

Table 2 Interleukin 1 production by JOSK-I cells in the presence ofpofymyxin B
JOSK-I cells, 2x10* cells/ml, were resuspended in RPMI 1640 with 1% FCS

in the absence or presence of polymyxin B. Conditioned media were prepared
after 48 h and tested for IL-1 activity. Each value represents the mean Â±SD for
triplicate samples.

Polymyxin B
(units/ml)0

25
SO

100200I'HJThymidine

incorporation
(cpm)3302.4

Â±684.4
3875.4 Â±310.4
3688.0 Â±78.4
2731.0 Â±518.2
31 17.2 Â±952.0Inhibition

(%)17.3

5.6

to a DEAE-5PW column (Toyo Soda), equilibrated with the starting
buffer. Elution was carried out with 0.1% ampholyte buffer (pH 3.5),
at a flow rate of 0.2 ml/min. Two-mi fractions were collected and
dialyzed against RPMI 1640 before being tested for IL-1 activity.
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Table 3 Immunoprecipilation of IL-1 with rabbit anti-human IL-1
One ml of each sample was incubated for 18 h at 4Â°Cwith 25 pi of rabbit anti-

human IL-1 antibody solution or preimmune rabbit serum, followed by a 30-min
incubation with l'ansiirlnn. The residual IL-1 activity in the supernatant was
tested. Each value represents the mean Â±SD for triplicate samples.

AdditionsIL-1

standard
IL-1 standard + anti-IL-1
IL-1 standard -1-rabbit serum
Conditioned medium
Conditioned medium + anti-IL-1
Conditioned medium + rabbit serum[3H]Thymidine

incorporation
(cpm)4457.3

Â±476.5
1608.3 Â±751.8
4798.4 Â±513.0
7927.2 Â±351.3
1032.3 Â±440.1
91 10.6 Â±403.6Inhibition(%)63.9

087.0

0

EFFLUENT VOLUME

Fig. 4. HPLC of JOSK-I-derived IL-1 on a Bio-Gel HPHT hydroxylapatite
column. IL-1 activity was eluted between 0.05 and 0.18 M sodium phosphate.

Table 4 Purification of JOSK-I-derived IL-1

At each purification step, an appropriate amount of bovine serum albumin was
added for the protection of IL-1 activity as described in the text.

Conditioned medium
Bio-Gel P6DG
Bio-Gel HPHT
TSK gel G3000 SWTotal

vol
ume(ml)100

10
98IL-1

ac
tivity

(units/ml)68.7

136.9
488.9Â°
800.0*Total

IL-1
activity
(units)6870

1369
4400
6400IL-1

activity
recovered

(%)100

19.9
64.0
93.2

" The average value of each fraction in three determinations.
* The major peak was used for IL-1 assay.

RESULTS

Characteristics of JOSK-I Cells. JOSK-I cells have immature
monocytic features, morphological, cytochemical, and immu
ni>chemica I (Table 1), and have been maintained for more than
12 months in suspension cultures without any significant
changes in their characteristics.

Kinetics of IL-1 Production by JOSK-I Cells. JOSK-I cells at
the logarithmic growth phase, i.e., day 2 after the subculture,
and those at the saturation density, i.e., day 6 after the subcul
ture, were collected, respectively, and resuspended regularly at
2 x IO6cells/ml in RPMI1640 with 1% PCS, and then the IL-
1-producing activities were compared. As shown clearly in Fig.
1, JOSK-I cells can produce IL-1 activity, without any stimu
lation, comparable to that of silica-stimulated normal periph
eral blood monocytes. A higher activity was seen at the latter
phase, i.e., at the saturation density (Fig. 1). The IL-1 activity
was calculated to be 40.6 units/ml at the former and 151.6
units/ml at the latter phase, according to the method of Gillis
et al. (14).

10
EFFLUENT VOLUME

30

( ml)

Fig. 5. HPLC of JOSK-I-derived IL-1 on a TSK gel G3000 SW column.
Elution was carried out with 0.15 M phosphate-buffered saline at a flow rate of
0.5 ml/min. IL-1 activity was eluted within the molecular weight range of 14,000
to 30,000 and over 70,000.

120

TIME (min )
Fig. 6. ChromatofocusingofJOSK-I-derivedIL-1 with a DEAE-5PW column.

Applying a pH gradient at a flow rate of 0.2 ml/min (O O), IL-1 activity was
eluted at pH 6.9 and 5.9.

Cell Concentration Dependency of IL-1 Production by JOSK-
I Cells. JOSK-I cells from a 5-day culture were recultured at
three different initial cell concentrations (2 x IO5, 8 x IO5, and
1.6 x IO6 cells/ml, respectively) in RPMI 1640 with 1% PCS

for 48 h, and then each culture supernatant was assayed for IL-
1 activity. As shown in Fig. 2, IL-1 production increased with
the increase in cell concentration.

Optimal Conditions for IL-1 Production by JOSK-I Cells. The
relationship between IL-1-producing activity and cell growth
was investigated. Under culture conditions with 5% PCS (Fig.
3, top), JOSK-I cells cultured for 5 or 8 days showed high IL-1
production ability. However, with 1% PCS (Fig. 3, bottom),
cells cultured for 5 days produced little IL-1 activity in spite of
there being the same cell number as on day 5 under the 5%
PCS conditions, while considerable activity was detected after
8 days of culture, when the growth of the cells had stopped.
This indicates that constitutive IL-1 production by JOSK-I cells
depends on the phase of cell growth; namely, IL-1 production
is minimal at the logarithmic growth phase and maximal at the
saturation density.

Interleukin 2 Production by JOSK-I Cells. No interleukin 2
activity was detected in any supernatant tested (data not shown).
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Effect of Polymyxin B on IL-1 Production by JOSK-I Cells.
As shown in Table 2, IL-1 production by JOSK-I cells was not
affected by the addition of polymyxin B up to 50 units/ml,
although 100 and 200 units/ml of polymyxin B inhibited 17.3
and 5.6% of the IL-1 production, respectively.

Immunoprecipitation of JOSK-I-derived IL-1 with Anti-Hu
man IL-1 Antibody. As shown in Table 3, nearly 90% of the
JOSK-I-derived IL-1 activity was precipitated using 1/40 the
volume of the anti-IL-1 solution. Human monocyte-derived IL-
1 standard also showed 63.9% decrease in the activity by this
treatment. The preimmune rabbit serum did not exhibit any
inhibitory activities.

Purification of JOSK-I-derived IL-1 by HPLC. On a Bio-Gel
HPHT hydroxylapatite column, IL-1 activity was eluted be
tween 0.05 and 0.18 M sodium phosphate, whereas the major
protein contaminant, which was considered to be the serum
albumin added to the conditioned media to protect the IL-1
activity prior to the lyophilization step, was eluted between 0.01
and 0.06 M sodium phosphate (Fig. 4). After this step, 64% of
the IL-1 activity was recovered (Table 4).

On a TSK gel G3000 SW gel filtration column, the IL-1
activity was recovered in two fractions, eluted in the molecular
weight range of 14,000 to 30,000 and at over 70,000 (Fig. 5).
The total activity recovered in the major fraction was calculated
to be 6,400 units, which corresponded to 93.2% of the total
activity of the starting material (Table 4).

Chromatofocusing of JOSK-I-derived IL-1. In chromatofo-
cusing with a pH gradient from 7.5 to 4.0, JOSK-I-derived IL-
1 was resolved into a major species with a pi of 6.9 and a minor
species with a pi of 5.9 (Fig. 6).

DISCUSSION

We have reported the establishment of a new monocytic
leukemia cell line, JOSK-I, which can produce considerably
high IL-1 activity, comparable to that obtained with silica-
stimulated normal peripheral blood monocytes. This IL-1 pro
duction by JOSK-I cells was demonstrated to be constitutive,
cell concentration dependent, minimal at the logarithmic
growth phase, and maximal at the saturation density of cell
growth. These results were especially important for the large-
scale production of IL-1 and suggested the involvement of cell
kinetics in the secretion mechanism for IL-1 produced by
monocytic cells. It should be noted that this cell line produces
IL-1 without any stimulants such as silica or lipopolysaccharide.
We examined the addition of polymyxin B to the culture system
to negate a possibility that natural endotoxin in the medium
stimulates these cells to produce IL-1. The IL-1 production was
never affected by the addition of polymyxin B up to 50 units/
ml, the dose of which was enough to abolish the effect of
endotoxin on IL-1 production by monocytes (19, 20). IL-1
production was slightly decreased in the presence of polymyxin
B at higher than 100 units/ml. This may be due to its direct
cytotoxic action to JOSK-I cells, and the base line activity still
remained. We cannot exclude the possibility that this sponta
neous production of IL-1 is due to leakage from the cells, since
the cell viability was somewhat decreased at the time of maximal
IL-1 production. The secretion mechanism of IL-1 has been
unclear thus far despite many extensive investigations, and
further studies are required to clarify this problem.

We have also succeeded in the preliminary characterization
of JOSK-I-derived IL-1 by means of HPLC purification. Gel
filtration clearly showed the two molecular weight ranges of the
IL-1 activity. This was compatible with other previous results
(7, 13) showing that a low-molecular-weight fraction exhibited

true activity and that a high-molecular-weight form might be
due to aggregation of IL-1 with serum proteins. Finally, 93.2%
of the initial IL-1 activity was recovered after HPLC on TSK
gel. This good recovery may be due to the removal of interleukin
1 inhibitor (21) as described by other investigators (16).

In Chromatofocusing, JOSK-I-derived IL-1 exhibited two
isoelectric points, pi 6.9 and pi 5.9, which may correspond to
recently termed IL-1/3 and IL-la, respectively (22). The major
activity was found in the former neutral pi of 6.9; this was
compatible with the result for human monocyte-derived IL-1
(23) but not with the result from another IL-1-producing human
monocytic leukemia cell line, THP-1, which produces only a
single peak of activity at pi 7.1 in the presence of silica or
lipopolysaccharide (7). Furthermore, we performed Â¡inmuno-
precipitation of JOSK-I-derived IL-1. The level of inhibition
was almost the same as the result previously reported by Mizel
et al. (24) using goat anti-IL-1 serum. This result indicates that
JOSK-I-derived IL-1 shares common antigenicity with human
monocyte-derived IL-1.

It is noteworthy that JOSK-I cells can spontaneously produce
high IL-1 activity and that they possess some of the character
istics of normal monocytes. It is important to study native IL-
1 from monocytes using monocytic cell lines, because many of
the human IL-1-producing cell lines thus far reported were
derived from cells other than monocytes, such as immature
marrow cells (6), dendrite-like cells (8), natural killer cells (9),
and hepatocytes (10). In this respect, our newly established
monocytic leukemia cell line, JOSK-I, might be an attractive
and useful model system for the study of the growth, differen
tiation, and a variety of biological functions of monocyte-
macrophage lineage cells.
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