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ABSTRACT

The effect of interleukin 1 (IL 1) on the growth and differentiation of
mouse m>fluid leukemic cell line (Ml) cells into macrophages has been
studied. Purified human IL 1/3 appeared to be growth inhibitory (maxi
mum, 50%) for Ml cells based on cell counts and |3H]thymidine incor

poration. The replication of Ml cells was also inhibited by lipopolysac-

charide (LPS), and as little as 1 unit/ml IL 1 augmented the growth
inhibition by LPS. Although IL 1 inhibited Ml cell growth, it did not
induce cell differentiation by the criteria of either effect on expression of
Fc receptors or on phagocytic ability. However, IL 1 augmented Ml cell
differentiation in conjunction with LPS. At low doses of LPS, addition of
IL 1 induced differentiation even though LPS and IL 1 by themselves
did not induce differentiation. Cells treated with IL 1 for 1 day and then
with LPS for an additional 2 days showed considerable augmentation of
Fc receptor expression, while cells treated with the same stimuli in the
reverse sequence exhibited only a low level of differentiation. Cells treated
with medium alone followed by LPS showed moderate increase in Fc
receptor expression. In addition, exposure of cells to IL 1 for at least 16
h was required for IL 1 augmenting effect. Therefore, IL 1 appeared to
primarily influence Ml cells to become more sensitive to LPS. Treatment
with both of IL 1 and LPS induced differentiation of a LPS-resistant

clone of Ml cells, and IL I pretreatment rendered the resistant clone to
become responsive to the differentiation inducing effect of LPS. Culture
supernatants of Ml cells after stimulation with LPS contained IL I-like

activity by thymocyte comitogenic assays. In addition, mouse recombinant
IL la appeared to have the same activity as purified human IL 1/8 on the
growth and differentiation of Ml cells. These results suggest that IL 1
may play an important role in mouse myeloid leukemic cell differentiation
by acting as an autostimulating factor. IL 1 has been shown to be growth
inhibitory and cytocidal for several tumor cell lines. Our results therefore
suggest that the effects of IL 1 may result in the induction of terminal
differentiation of some tumor cells.

INTRODUCTION

Macrophages or monocytes are thought to play an important
role in host defense against tumors by functioning as effector
or regulator cells (1,2). Some of their functions are known to
be mediated by monokines, such as IL I3 (3), tumor necrosis

factor (4), and interferons (5).
IL 1, initially defined as a factor that stimulates the prolif

eration of murine thymocytes, exerts multiple effects on a
variety of cell types (6, 7). Recently we have purified IL IÃŸ
derived from human monocytes (8) and studied the effect of IL
1 on the growth of several cultured cell lines. IL 1 appeared to
be growth inhibitory and cytocidal for a human melanoma cell
line, A37S, and for a lymphotoxin sensitive mouse fibroblast
cell line, L929 (9). Thus, we suggested that IL 1 is one of the
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effector molecules mediating the antitumor effects of activated
macrophages or monocytes against some tumor cells. Human
or mouse IL 1 was also shown to be growth inhibitory for a
human myeloid cell line, K562, and a mouse T-lymphoma cell,
Eb, by Lovett et al. (IO).

The effect of IL 1 for A375 or L929 cells, however, did not
result in an immediate cytolysis (9). Incubation of target cells
with IL 1 for only 1 day had little effect. Growth inhibitory and
cytocidal effects became detectable after 2 days and became
more evident with longer duration of incubation. Therefore, we
speculated that IL 1 exerts its effect by inducing differentiation
of target cells. To evaluate this possibility in this paper we
studied the effect of IL 1 on the growth and differentiation of
a mouse myeloid leukemic cell line, M l.

MATERIALS AND METHODS

Reagents. RPMI 1640 was purchased from M. A. Bioproducts
(Walkersville, MD). PCS was obtained from HyClone Laboratories
(Logan, UT). LPS (Escherichia coli 0127:B8, Westphal) was from
Sigma Chemical Company (St. Louis, MO). Latex particles with a
diameter of 0.81 Â¿unwere from Difco Laboratories (Detroit, MI). Ox
erythrocytes were from Nippon Biotest Laboratory (Tokyo, Japan).
Rabbit antibody, IgG, against ox erythrocytes was prepared from anti-
serum obtained by immunizing rabbits with ox erythrocytes. Concana-
valin A was from Pharmacia Fine Chemicals, Uppsala, Sweden. | 'H ]
d'I lid (2 Ci/mmol) was from New England Nuclear (Boston, MA).

Mouse recombinant IL la (11) and control buffer, S M guanidine-HCl,
were kindly provided by Dr. P. Lomedico of Hoffmann-La Roche.

Cell Culture. The clone of Ml cells used was M1/436-7 that had
been established by Dr. Ichikawa (Chest Disease Research Institute,
Kyoto University, Kyoto, Japan) (12) and provided through Dr. K.
Akagawa (Department of Cellular Immunology, the National Institute
of Health, Shinagawa, Tokyo, Japan). This clone is known to differ
entiate into macrophages but not into neutrophils or granulocytes (13).
The cell line was maintained in RPMI 1640 supplemented with 100
units/ml of penicillin G, 100 Mg/ml of streptomycin, and 10% heat
inactivated FCS.

l'I I|d I lid Incorporation Assay. After 3 days of culture of M l cells
with IL 1, cells were pulsed with [3H]dThd at 2.5 iiCi/ml for 16 h.

After culture the cells were harvested by a cell harvester, and the
radioactivity incorporated into cells was counted by a scintillation
counter.

Purification of IL 1 and IL 1 Assay. Purification of human IL I (IL
1/3)from human monocytes was performed as previously reported (8).
The purified IL 1 exhibited a homogeneous band based on polyacryl-
amide gel electrophoresis with or without sodium dodecyl sulfate, with
a molecular weight of 17,000, an isoelectric point of 6.9, and a specificactivity of 4.3 x 10" units/mg protein. The purified IL \ÃŸalso showed

single amino terminal sequence (14). IL 1 comitogenic activity was
assessed by measuring the incorporation of | 'I IjdThd by C3H/HeJ

mouse thymocytes cultured for 3 days in the presence of 0.5 ng/ml
concanavalin A and serially diluted IL I. A unit of activity was defined
as the reciprocal value of the dilution at which 50% of maximum
response of standard IL 1 was obtained.

Assay for Differentiation of Ml Cells. One hundred u\ of a suspension
of Ml cell (1 x 10s cells/ml) in RPMI 1640 supplemented with
antibiotics and 10% FCS were cultured in wells of flat-bottomed micro-
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EFFECT OF IL 1 ON MYELOID LEUKEMIA CELL LINE GROWTH AND DIFFERENTIATION

titer plate (Costar, Cambridge, MA) at 37'C in 5% CO2 in air. Usually

cells were cultured for 3 days, and their differentiation was determined
by measuring development of FcR expression or phagocytic activity.
The assay for FcR was performed by the modified method of Bianco et
al. (IS). Briefly, Ml cells were cultured with 0.4% ox erythrocytes
sensitized with IgG of rabbit anti-ox erythrocyte antiserum at 37*C for

3 h. After culture, the percentage of Ml cells with more than 3
erythrocytes attached was determined by counting at least 200 M l cells
in a hemocytometer. To test phagocytic activity, M l cells were cultured
with 4% polystyrene latex panicles for 8 h; then the percentage of cells
ingesting more than 10 latex panicles was determined in a hemocytom
eter by counting at least 200 cells (16).

Preparationof Conditioned Medium of Ml Cells. M l cells suspended
in RPMI 1640 supplemented with 10% PCS at a density of 1 x IO6

cells/ml were cultured with or without LPS (10 /ig/mi) for 3 days. The
culture supernalÂ¡inis were dialyzed against RPMI 1640, and the IL 1
activity in the supernatants was determined.

RESULTS

Effect of IL 1 on Growth of Ml Cells. The effect of human
IL IÃŸon the growth of murine myeloid Ml cells was deter
mined. As shown in Fig. 1, IL 1 at either 20 units/ml or 1 unit/
ml inhibited the growth of Ml cells. The growth inhibitory
effect of IL 1 was also shown by [3H]dThd incorporation assay.

As shown in Fig. 2, IL 1 at more than 1 unit/ml inhibited the
[3H]dThd incorporation into cells after 3 days of culture. It has

been reported that M l cell growth also is inhibited by endotoxin
(17). Neither IL 1 nor culture media, however, appeared to
contain endotoxin as assessed by l.imulus amebocyte assay
(sensitivity limit, 0.125 ng/ml). In addition, the growth inhibi
tory effect of IL 1 was not inhibited by the addition of poly-
myxin B (20 ng/ml) which completely inhibited the effect of
LPS (10 jig/ml) (data not shown). Next, to determine whether
IL 1 augments the growth inhibition by LPS, Ml cells were
cultured with varying doses of IL 1 and LPS. Fig. 3<zshows the
effect of varying doses of IL 1 on the growth of Ml cells
cultured for 3 days with or without LPS. IL 1 and LPS by
themselves inhibited the growth of Ml cells, and the growth
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Fig. 1. Inhibitory effects of human IL \ff on the replication of Ml cells. MI
cells were cultured with or without IL 10 for 5 days, and the viable cell number
was determined. Points, mean of triplicate cultures; ban, SD. Med., medium.
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Fig. 2. Effect of human IL 1/3on ['HJdThd (/'H/TilR) incorporation into Ml

cells. Cells were cultured for 3 days with varying doses of IL IÃŸ,and the count of
| 'H]d Ihd incorporated into cells was determined as described in "Materials and
Methods." Mean of triplicate cultures is indicated. Control cells which were
cultured in medium alone incorporated [3H]dThd, 75,561 Â±2,903 cpm.

S

I
U
'S

Â£
i

â€¢
u

10 3 1 O.3 O.1 O.O3 O

l L1 ( U/ml )

1O 10a 1Ã¶3TO'

LP Slug, ml)

Fig. 3. Effect of human IL iÃŸand LPS on the replication of MI cells. Ml
cells were cultured for 3 days with varying doses of IL 1/3 in the presence or
absence of LPS (I MR/mI) (a) or with varying doses of LPS in the presence or
absence of IL IÃŸ(10 units/ml) (b) for 3 days, and the viable cell number was
determined. Points, mean of triplicate cultures; ban, SD.

inhibitory effect of IL 1 was not more than 50%. Admixture of
IL 1 and LPS, however, induced greater growth inhibition. At
more than 1 unit/ml IL 1 augmented the growth inhibition by
LPS. Fig. 3b also shows the enhanced growth inhibitory effect
of a mixture of IL 1 and varying doses of LPS. At over 0.01
Â¿ig/mlLPS was growth inhibitory, and the inhibitory effect was
more accelerated by addition of IL 1.

Effect of IL 1 on Differentiation of Ml Cells. It is known that
differentiation of M l cells generally accompanies the inhibition
of cell growth. Thus, we studied whether IL 1 induced M l cell
differentiation into macrophages. As assessed by FcR induction
or phagocytic activity, up to 30 units/ml IL 1 were not able to
induce differentiation (data not shown). In contrast, LPS in-
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Fig. 4. Effect of human IL I,Â¡and LPS on the FcR expression of Ml cells.

Cells were cultured with medium alone, IL I,i ( 10 units/ml), LPS 00 jig/ml), or
IL IÃŸplus LPS for 4 days. Each day the percentage of FcR positive cells was
determined. Points, mean of triplicate cultures; bars, SD.

Table I Augmenting effect of human IL IÃŸon FcR expression of MI cells by
varying doses of LPS

Ml cells were treated with varying doses of LPS in the presence or absence of
IL lÃŸfor 3 days, and then the percentage of FcR positive cells was determined.

%of FcR positive cells"

SampleMedium

LPSDose

(Â»ig/ml)10

1io-1

io-2
io-3
10-Medium0.3

Â±0.1
42.3 Â±1.1
27.3 Â±0.1

5.8 Â±0.7
0.6 Â±0.3
0.3 Â±0.1
0.4 Â±0.2IL

1 (10units/ml)0.4

Â±0.1
57.9 Â±1.0*
51.9 Â±0.9*
38.3 Â±1.4*
15.9+1.7*2.2

Â±o.r0.9Â±0.1'

" Based on triplicate cultures.
*/>< 0.0005.
c P< 0.005.

duced differentiation of M l cells. Fig. 4 demonstrates the rate
of differentiation of M l cells induced by LPS with or without
IL 1 as assessed by FcR induction. FcR expression by Ml cells
treated with LPS developed after 2 days of incubation and
became even greater with longer incubation periods. Although
IL 1 by itself exhibited no activity, it augmented the LPS
induced FcR expression. Therefore, we usually measured FcR
expression after 3 days of incubation. The results of Table 1
show the effect of IL 1 on FcR expression by Ml cells in
response to varying doses of LPS. Again IL 1 alone had no
activity, but it augmented induction of FcR by LPS. The aug
menting effect was more marked at low doses of LPS. Of note
is the effect of admixture of LPS (10~' or 10~2 jig/ml) and IL

1 (10 units/ml) which by themselves induced little or no FcR
expression. Together they induced an appreciable level of FcR
expression showing a synergistic effect between LPS and IL 1.
Table 2 shows the dose dependent augmenting effects of IL 1
on LPS. Greater than 1 unit/ml IL 1 exhibited the augmenta
tion of FcR expression induced by LPS in a dose dependent
manner. IL 1 appeared to increase not only the percentage of
FcR positive cells but also the number of erythrocytes attached
per cell (data not shown). The augmenting effect of IL 1 on
differentiation was also shown by assessment of phagocytic

Table 2 Augmenting effect of varying doses of HumanIL IÃŸon FcR expression of
MI cells by LPS

Ml cells were treated with varying doses of IL IÂ¡iin the presence or absence
of LPS for 3 days, and then the percentage of FcR positive cells was determined.

SampleMedium

ILIDose

(units/ml)10

3
I
0.3
O.I%

of FcR positivecells"Medium0.4

Â±0.5
0.3 Â±0.4
0.3 Â±0.4
0.2 Â±0.3
0.2 Â±0.3
0.2 Â±0.3LPS

(lÂ»ig/ml)6.7
Â±0.5*

36.9 Â±3.5*
22.7 Â±6.9e
16.9 Â±0.8*
9.3 Â±0.2*
8.6 Â±0.4Â»

" Based on triplicate cultures.
*/>< 0.0005.
CP< 0.005.

Table 3 Augmenting effect of human IL IÃŸon phagocytic ability of MI cells
induced by varying doses of LPS

MI cells were treated with varying doses of LPS in the presence or absence of
IL Iif for 3 days, and then the percentage of phagocytosing cells was determined.

SampleMedium

LPSDose(Mg/ml)10
Iio-'

io-J
io-'%

of phagocytosis activecells"Medium1.

3 Â±0.7
58.4 Â±2.0
15.6 Â±6.5
3.2 Â±1.8
1.2 Â±0.3
0.7 Â±O.IIL

I (IOunits/ml)3.2

Â±0.6
72.0 Â±3.3
5l.9Â±2.9is.:

Â±1.66.5
Â±0.6

3.7 Â±0.1
" Based on triplicate cultures.

Table 4 Effect of mouse rIL la and LPS on expression of FcR by MI cells
M1 cells were treated with mouse rIL Ia or control buffer for 3 days, and then

the percentage of FcR positive cells was determined.
% of FcR positivecells'Medium

LPS(10Mg/ml)LPS (IO'1 Mg/ml)Medium2.3

Â±1.5
52.3 Â±0.8

1.9 Â±0.7rIL

la (10
units/ml)4.7

Â±0.2
72.7 Â±2.9
20.2 Â±5.3Control

buffer1.1

Â±0.3
52.2 Â±5.2

3.7 Â±1.1
Â°Based on triplicate cultures.

activity of latex beads. As shown in Table 3, although IL 1 by
itself did not induce a significant level of phagocytic activity by
Ml cells, it augmented the differentiation inducing effect of
LPS. The augmenting effect of IL 1 was considerable especially
all and 1(T'Â¿tg/ml of LPS.

Morphologically LPS also appeared to induce differentiation
of cells into macrophage-like cells because LPS treated cells
became adherent to culture plate, enlarged in their cytoplasms,
had the appearance of granules, and were mononuclear cells
(data not shown). IL 1 increased the rate of differentiated cells
by LPS. Nonspecific esterase detectable by a-naphthyl butyrate
esterase staining was also induced by LPS and was augmented
by IL 1; 0 Â±0 (SD), 0 Â±0, 18.0 Â±0.2, 5.2 Â±1.1, 1.1 Â±0.4,
19.0 Â±4.7, 18.1 Â±5.6, and 5.8 Â±1.3% of cells were esterase
positive when they were treated for 5 days with medium, IL 1
(10 units/ml), LPS (10 Mg/ml), LPS (l Mg/ml), LPS (0.1 Mg/
ml), LPS (10 /ig) plus IL 1, LPS (1 Â¿/g/ml)plus IL 1, and LPS
(0.1 Mg/ml) plus IL 1, respectively.

Effect of Mouse Recombinant IL la on Ml Cell Differentia
tion. To determine whether mouse IL 1 has the same activity
as human II, I/I Ml cells were cultured with mouse recombi
nant IL la with or without LPS. As shown in Table 4, IL la
alone exhibited no FcR-inducing ability but augmented LPS
activity. In contrast, control buffer (5 M guanidine hydrochlo-
ride) diluted equivalent to IL 1 concentration did not exhibit
the augmenting effect on FcR expression. As for human IL IÃŸ,
mouse IL la alone was growth inhibitory for Ml cells, and
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following admixture with LPS the growth inhibitory activity
was accentuated; 62.6, 54.2, 32.1% of control cell number were
observed in IL 1 (10 units/ml), LPS (10 units/ml), and IL 1
plus LPS, respectively, while control buffer did not inhibit cell
growth, 112.9%, or enhance the growth inhibition by LPS.

Effect of Sequential Treatment of Ml Cells with IL 1 and
LPS. To determine whether IL 1 increased the responsiveness
to LPS or vice versa, Ml cells were treated for 1 day with
medium alone, human IL IÃŸ,LPS, or IL IÃŸplus LPS; washed;
and then treated for additional 2 days with those stimuli. The
results of Table 5 indicate that cells first treated with LPS
showed only a low level of FcR expression following a subse
quent IL 1 treatment, while they exhibited marked differentia
tion after a second treatment with LPS and even more when
treated with LPS plus IL 1. In contrast, when cells were first
treated with IL 1 they showed considerable FcR expression
following a second treatment with either LPS or LPS plus IL
1. IL 1 pretreated cells developed more FcR expression than
cells which were treated with medium and then with LPS.
Initial treatment of cells with LPS plus IL 1 followed by IL 1
did not result in additional FcR expression. These results
suggest that IL 1 primarily influences cells to become more
responsive to LPS.

To determine the period of initial exposure which is necessary
for IL 1 effect, cells were pretreated with medium or IL 1 for
varying periods, washed, and then treated with LPS for addi
tional 3 days. As shown in Fig. 5, cells pretreated with IL 1 for
16 h exhibited higher FcR expression in response to LPS than
control cells which were preincubated with medium alone. The

Table 5 Induction of FcR expression of Ml cells by LPS and human IL IÃŸ:
effects of sequence of treatment

Ml cells were first treated with medium, LPS (10 Â»<g/ml),IL IÃŸ(10 units/ml),
or IL 1/3plus LPS for 24 h; washed; and then treated with these stimulants for
an additional 48 h. The percentage of FcR positive cells was determined at 72 h.

2nd treatment
withMedium

LPS
IL 1
LPS + IL 1%

of FcR positive cells" after 1st treatmentwithMedium0.3

Â±0.5
21.4 Â±2.0

2.3 Â±1.1
50.7 Â±5.9LPS0.9

Â±0.554.7
Â±5.0

8.0 Â±2.7
75.1 Â±4.0IL

10.8

Â±0.4
60.4 Â±4.2

1.6 + 0.7
73.0 Â±8.8IL

1 +LPS2.4

Â±1.4
47.4 Â±1.2

7.2 Â±1.3
67.0 Â±0.7

" Based on triplicate cultures.
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Fig. 5. Effect of duration of pretreatment of Ml cells with human IL 1/3on
induction of FcR expression by LPS. Cells were treated with medium alone or IL
1/3(10 units/ml) for the indicated periods, washed, and then cultured with LPS
(0.1 /jg/ml) for an additional 3 days. Each value represents the difference between
the mean percentage of FcR positive cells which were pretreated with IL I or
medium alone. Control cells which were pretreated with medium and then with
LPS expressed 20 to 25% FcR.

effect of IL 1 became more remarkable with increasing duration
of incubation.

Effect of LPS and IL 1 for a 1.PS-resistant Clone of Ml Cells.
To determine whether IL 1 affects the differentiation of LPS
resistant cells, we studied the effects of IL 1 and LPS on the
growth and differentiation of a LPS resistant clone of Ml cells
obtained by limiting dilution method. This clone was less sen
sitive for the antiproliferative effect of LPS than the original
cells and did not express FcR by treatment with either LPS (10
tig/ml) or IL 1 (10 units/ml) for 3 days (data not shown).
However, the growth of the cells was markedly inhibited by
treatment with LPS plus IL 1, and the cells became FcR positive
(29.1 Â±4.1%) after 3 days of culture. Pretreatment of the cells
for 1 day with IL 1 also rendered the cells responsive to LPS;
18.2% of the cells were FcR positive after the sequential treat
ment with IL 1 and LPS.

Production of IL 1-like Activity by LPS-stimulated Ml Cells.
It is possible that LPS induced IL 1 production by Ml cells
and the elaborated IL 1 functions as an autostimulating signal.
Thus, we cultured Ml cells for 3 days with or without LPS.
The culture supernatants were then tested for IL 1 activity by
thymocyte comitogenic activity. Representative results of six
studies performed are shown in Fig. 6. Culture supernatants of
LPS treated Ml cells exhibited an augmenting effect on thy
mocyte proliferation, while control supernatants did not show
such an augmenting effect. LPS by itself did not stimulate the
proliferation of thymocytes. About 0.2 to 1 unit IL 1-like
activity appeared to be produced by 10s Ml cells for 3 days. No

IL 2 activity was detected in these supernatants as determined
by the lack of proliferation inducing activity on an IL 2 de
pendent cell line, CTLL-2 (data not shown).

DISCUSSION

This is the first report that purified human IL IÃŸand murine
rIL la both are capable of inhibiting the growth and augment
ing the differentiation of M l cells. Several factors have been

o Sup.i ( * LPS)
â€¢Sup.1 ( - LPS)
A Sup.a (* LPS)
ASup.a(-LPs)

'0

O

O
O.

o
o

teâ€¢o

1 ' IBS

Dilution

Fig. 6. Production of IL 1 activity by Ml cells treated with LPS. Ml cells
were cultured with or without LPS (10 Mg/ml) for 3 days, and then IL 1 thymocyte
comitogenic activity was determined. Mean of triplicate cultures is indicated.
Thymocytes treated with medium alone or IL 1 (1 unit/ml) incorporated [3HJ-

dThd (pHJTdR), 832 Â±7 and 6795 Â±586 cpm, respectively.
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reported to inhibit cell growth and augment or induce differ
entiation of Ml cells, such as D-factor, LPS, glucocorticoid
hormones, IFNs, and PGE (17). The human IL 1/3that we used
was purified to homogeneity and did not contain antiviral
activity. The IL 1/3preparation did not contain any detectable
endotoxin, and the effect of IL 1 was not inhibited by polymyxin
B. In addition, purified mouse rIL la exhibited the same effects
as human IL 10. Therefore, IL 1 appeared to be responsible for
the growth inhibition and augmentation of differentiation. Of
interest are the reports that lymphokines (18), supernal ani s of
activated macrophages (16, 19), and conditioned medium of
mouse embryonal fibroblasts (11) contain a D-factor(s) which
by itself inhibits growth and induces Ml cell differentiation and
that this D-factor(s) has been reported to be different from the
colony stimulating factor (18). Vaniamolo et al. (18) reported
that mitogen stimulated spleen lymphocytes produced a D-
factor with a molecular weight of 40,000 to 50,000. On the
other hand, splenic lymphocytes produced two D-factors with
molecular weights of 40,000 to 50,000 and 20,000 to 25,000,
while peritoneal macrophages stimulated with LPS or poly-
inosinic-polycytidylic acid produced only the smaller D-factor
(18). The higher molecular weight D-factor appeared to be
different in antigÃ«nic properties from the smaller one (20).
Based on the similarities of molecular weight and producing
cells, the smaller molecular weight D-factor may be identical
with IL 1. As demonstrated in this paper, in the presence of
minute doses of LPS, IL 1 induced differentiation, but the
synergistic effect between contaminant endotoxin and the I>
factor has not been carefully considered. On the contrary, the
high molecular weight D-factor seems to be different from IL
1 because only small molecular weight (20,000 to 15,000) IL 1
has been detected in mice (21). Recently Noro et al. (22)
reported that mouse lymphokines contain a factor which poten
tiates the phagocytotic ability of differentiated M l cells by the
stimulation of fibroblast conditioned medium. The factor, how
ever, exhibited a molecular weight of 20,000 to 30,000 and was
retained on a concanavalin A-Sepharose column, suggesting
that the factor is a glycoprotein. In contrast, IL 1 is known to
be nonglycosylated (7, 8). Therefore, this factor also appears to
be different from IL 1.

We observed that the sequence of treatment of cells with IL
1 and LPS results in very different effects. Cells treated first
with IL 1 and then LPS developed considerable FcR expression.
The reverse sequence of treatment induced only a low level of
FcR expression. Thus, IL 1 appeared to render M l cells more
sensitive to the differentiative effects of LPS. Even an LPS
resistant clone became sensitive to LPS by the pretreatment
with IL 1.

Pretreatment of Ml cells with IL 1 for at least 16 h was
necessary for an IL 1 effect. This is in contrast with the finding
of Lovett et al. (10). They observed that exposure of K562 cells
to IL 1 for only 15 min resulted in growth inhibition. This may
be because of differences in the assay system.

The mechanism of augmenting effect of IL 1 on Ml cell
differentiation is not known. IL 1 may increase LPS binding
site. Similarly, Akagawa and Tokunaga (23) reported that
mouse lung macrophages, which were not activated to kill
tumor cells by LPS alone, became tumoricidal when they were
pretreated with IFN-7. They reported that lung macrophages
lack or express very low LPS binding sites and that IFN-7
treatment for more than 8 h brings about the expression of a
LPS binding site and renders macrophages responsive to LPS.

Ml cells produced IL 1-like activity upon stimulation with
LPS. Consequently the IL 1-like molecule elaborated by Ml

cells may augment the FcR expression by the cells and thus act
as an autostimulating signal. However, the antibody against
mouse IL la sufficient for complete inhibition of 4 units/ml
rIL 1a did not suppress the differentiation of M l cells by LPS,
and it inhibited only slightly (20%) the activity of the IL 1-like
molecule (data not shown). It is reported that mouse macro
phage cell line P388Di produced two types of IL 1, a and ÃŸ
(24). Thus, the majority of IL 1-like molecules produced by Ml
cell may be another type of IL 1 (/3 type). Our results revealed
that 0.2 to 1 unit IL 1 activity was produced by IO5 Ml cells.

This is in good agreement with our result that over 1 unit of IL
1 augmented 10s Ml cell expression of FcR. At times, however,

we observed only a low level of augmenting activity of IL 1 as
when the level of FcR expression was already elevated in
response to high dose of LPS stimulation, presumably because
a maximal effect of IL 1 produced by M l cells had already been
achieved. We also observed that IL 1 augmented FcR expres
sion of normal human monocytes.4 Our in vitro results therefore

suggest that IL 1 may play a positive role in the differentiation
of macrophages.

As reported previously by us and another group of investi
gators (9, 10), IL 1 was growth inhibitory and/or cytocidal for
a human melanoma cell line, A375, a mouse fibroblast cell line,
L929, a human myeloid cell line, K562, and a mouse T lym-
phoma cell line, Eb. Here we demonstrated that IL 1 is also
growth inhibitory for Ml cells. Therefore a wide variety of cells
have been shown to be sensitive to the growth inhibitory effect
of IL 1. Our results therefore suggested a possibility that IL 1
may be useful in the therapy of some leukemic cells by inducing
differentiation because we recently observed the synergistic
growth inhibitory and differentiation inducing effects on Ml
cells between IL 1 and other cytokines, IFN and tumor necrosis
factor.5 We studied the effect of IL 1 on other types of myeloid

leukemic cell lines. IL 1 did not affect the growth and differ
entiation of a clone of K562 cells and a human promonocytic
cell line, HL60, irrespective of the presence or absence of a
differentiation inducing reagent, tetradecanoylphorbol acetate.
However, IL 1 by itself augmented the FcR expression of a
human histiotic cell line, U937, and at times inhibited the
growth (data not shown). Thus, the effect of IL 1 was variable
depending on the cells. However, the possibility cannot be ruled
out that IL 1 insensitive cell lines may constitutively produce a
small amount of IL 1. Alternatively Ml cells may be more
primitive than other cell lines because all the cell lines, HL60,
K562, and U937, express low levels of FcR without stimulation.
We have reported that human IL 1 augmented the human
monocyte mediated tumor cytotoxicity (3) and natural killer
cell activity (25). In conjunction with the direct growth inhibi
tory or cytocidal effect, IL 1 was suggested to play an important
role in host defense against some tumors.

The mechanism of the growth inhibitory effect of IL 1 is not
clear. PGE was reported to possess an augmenting effect on
M l cell differentiation, although it did not have a direct differ
entiation inducing ability (26). We confirmed these results and
also observed the growth inhibitory activity of PGEi.4 However,

the effect of IL 1 on Ml cells and A375 cells was not inhibited
by indomethacin (data not shown). IL 1 was reported not to
stimulate PGE release by either K562 cells or Eb cells, and
their growth was minimally inhibited by exogenous addition of
PGE (10). Therefore, there is no evidence that PGE mediates
the growth inhibitory effects of IL 1. Induction of differentia
tion of Ml cells appeared to be accompanied by growth inhi-

* Unpublished observations.
* K. Onozaki et al., manuscript in preparation.
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hition. It is unlikely, however, that the differentiation augment
ing activity of IL 1 resulted from the mere suppression of
proliferation because mitomycin C, which was growth inhibi
tory for M l cells, neither induced differentiation nor augmented
the differentiation inducing ability of LPS.4 Consequently we

would like to propose that the growth inhibitory effects of IL 1
are based on induction of terminal differentiation.
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