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Interleukin-4 as a potent down-regulator for human
alveolar macrophages capable of producing tumour
necrosis factor-a and interleukin-1

S. Sone, H. Yanagawa, Y. Nishioka, E. Orino, G. Bhaskaran,
A. Nii, K. Mizuno, Y. Heike, F. Ogushi, T. Ogura

Interleukin-4 as a potent down-regulator for human alveolar macrophages capable of
producing tumour necrosis factor-a and interleukin-1. S. Sone, H. Yanagawa, Y. Nishioka,
E. Orino, G. Bhaskaran, A. Nii, K. Mizuno, Y. Heike, F. Ogushi, T. Ogura.
ABSTRACT: The effects of recombinant human interleukin-4 (IL-4) on the produc-
tion of interleukin-1 (IL-1) and tumour necrosis factor-a (TNFa) by human alveolar
macrophages (AM) and autologous peripheral blood monocytes (PBM) in response
to lipopolysaccharide (LPS) were examined. AM and PBM were obtained by
bronchoalveolar lavage and centrifugal elutriation, respectively, from healthy
donors. The production of IL-1 (o and B) and TNFa by human AM and PBM were
quantitated by enzyme immunoassays (EIA). When activated with LPS, AM
secreted much more TNFa, but less IL-15 than PBM. The production of IL-1 (o and
B) by activated AM and autologous PBM was suppressed dose-dependently by
IL-4. The inhibitory effect of IL-4 was greatest when it was added to AM or PBM
simultaneously with LPS or within 3 h after LPS. The suppressive effect of IL-4 was
completely neutralized by pretreatment with rabbit anti-IL-4 antiserum. IL-4 also
suppressed the production of IL-1 and TNFa by monocyte-derived macrophages. As
measured by thymocyte co-stimulation assay, the production of cell-associated
IL-1 was inhibited by coculture of AM plus LPS with IL-4. Northern blot analysis
showed suppression by IL-4 of expression of messenger ribonucleic acid (mRNA)
for IL-1 and TNFa In LPS-stimulated AM.

We conclude that IL-4 is a potent down-regulator for human alveolar macrophages
capable of producing IL-1 and TNFa.
Eur Respir J., 1992, 5, 174-181.
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Cells of the macrophage-histiocyte series are impor-
tant in regulation of the immune response through
production of monokines such as interleukin-1 (IL-1)
and tumour necrosis factor-a (TNFa) [1-4]. Moreover,
the production of IL-1 (o, ) and TNFo were found
to be regulated differentially depending on the matura-
tion and/or activation states of the cells [5-7]. For
example, human alveolar macrophages (AM) and mono-
cyte-derived macrophages of healthy donors have a
greater ability to produce more cell-associated IL-1a
and TNFa, but less extracellular IL-1f than autologous
peripheral blood monocytes (PBM) [6-9]. Recently,
much attention has been paid to the contribution of
cytokines to the development of lung diseases [10].
Accumulating evidence suggests the critical roles of
monokines such as TNFa and IL-1 in the pathogenesis
of various pulmonary diseases [11, 12]. For example,
immune complex-induced alveolitis and bleomycin-
induced pulmonary fibrosis were found to be mediated
by TNFa produced by lung macrophages [10, 13]. On
the other hand, IL-1 was found to be involved in the
pathogenesis of chronic pulmonary granuloma formation

[12]. Thus, it is important to elucidate the mechanism
of regulation of monokine production by AM.
Recently, IL-4, originally defined as a B-cell growth
factor [14-16], has been shown to have a variety of
biological activities [17-32]. Monocyte-macrophages
are known to express IL-4 receptor (IL-4R) [16]. In
murine systems, IL-4 regulates in vivo immunoglobu-
lin E (IgE) response [33] and stimulates the expression
of class II antigen and adherence and antigen present-
ing ability of macrophages [21, 22], and activates these
cells to the tumoricidal state [20]. In contrast, IL-4 in-
hibits both the ability of human PBM to produce
monokines (IL-1 and TNFa) [22-25] and monocyte-
mediated tumour cell killing [26]. IL-4 has also been
found to suppress various monocyte functions such as
their secretion of H,0, and prostaglandin E,, produc-
tion of colony-stimulating factor, macrophage colony
formation and human leucoyte antigen DR (HLA-DR)
expression [27-32]. Little is known, however, about
whether IL-4 affects the production of monokines
(IL-1 and TNFa) by human AM in response to activa-
tion stimuli. In the present study we demonstrated that
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IL-4 down-regulated the abilities of activated human
AM and autologous PBM to produce IL-1 (o and f)
and TNFo at the protein and messenger ribonucleic acid
(mRNA) levels.

Materials and methods
Subjects

Cells were obtained from 16 healthy male donors
(20-28 yrs old). These volunteers had no evidence by
history or physical examination of lung disease, were
nonsmokers, were not taking medications, gave normal
results in pulmonary function tests and their chest
roentogenograms wetre normal. They all gave informed
consent to participate in the experiment.

Reagents

Fetal bovine serum (FBS) was purchased from M.A.
Bioproducts (Walkerville, MD, USA). Recombinant
human IL-4 (lot 801; specific activity 106 U-mg™*
protein) and polyclonal rabbit antisera to recombinant
human IL-4 were gifts from Ono Pharmaceutical Co.,
Osaka, Japan. Monoclonal antibodies against
recombinant human IL-1a, IL-1B and TNFa were pro-
vided by Otsuka Pharmaceutical Co. Ltd, Tokushima,
Japan. Recombinant human granulocyte-macrophage
colony stimulating factor (GM-CSF; specific activity
6.7x10° U-mg? glycoprotein) was kindly supplied by
the Genetics Institute (Cambridge, MA, USA). None of
these materials contained endotoxins, as judged by
Limulus amoebocyte assay (Seikagaku Kogyo Co.,
Tokyo, Japan). Lipopolysaccharide (LPS; Escherichia
coli 055:B5) was obtained from Difco Laboratories
(Detroit, MI, USA).

Isolation and culture of human PBM

Leucocyte concentrates were collected from periph-
eral blood (200 ml-person?) of healthy donors in an
RS-6600 rotor of a Kubota KR-400 centrifuge, and
mononuclear cells were separated from the leucocyte
concentrates in lymphocyte separation medium (Litton
Bionetics). Then PBM were separated from the mono-
nuclear cell samples by centrifugal elutriation in a
Beckman JE-6B elutriation rotor as described in detail
previously [8]. A fraction containing more than 95% of
the total monocyte population was obtained at a speed
of 3,000 rpm and flow rate of 26 ml'min?. More than
90% of these cells were PBM as determined by non-
specific 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 at a concentration of 5x10° PBM per ml
in RPMI 1640 supplemented with 5% FBS and gen-
tamicin, designated as CRPMI 1640. These cells were
then plated for 1 h-in 96-well Microtest III plates
(Falcon, Oxford, CA, USA), and then nonadherent cells
were removed by washing with medium. At this point

the purity of the PBM was >99% as judged by their
morphology and nonspecific esterase staining.

Harvesting and preparation of human AM

Bronchoalveolar lavage was performed as described
in detail elsewhere [8, 9]. Briefly, after anaesthetizing
the oral cavity and the upper airway with lidocaine
spray, the tip of an Olympus fibreoptic bronchoscope
(Model BF-1T20; Olympus Co., Tokyo, Japan) was
wedged into one of the segments of the right or left
lobe. The lung was washed with 50 ml of sterilized sa-
line (0.9% NaCl) prewarmed to 37°C, and the fluid was
gently sucked out with a 50 ml syringe. This process
was repeated three times. A total of 150 ml of saline
was instilled, of which about 65% was recovered. The
yield of human AM from normal volunteers was
approximately 1.8x107 viable cells per wedge segment
(>93% viable as determined by trypan blue dye exclu-
sion). Differential counts established that >89% of the
lavaged cells were AM (staining for nonspecific
esterase). The remaining cells were either small mono-
nuclear cells or neutrophils, which were eliminated
during subsequent washing. The AM were plated into
the 96 wells of Microtest III plates at a concentration
of 5x10* AM-well'), unless otherwise stated.
Nonadherent cells (<10%) were removed 1 h after plat-
ing by washing the plates, and more than 99% of the
adherent cells were AM with esterase activity.

Preparation of monocyte-derived macrophages

Blood monocytes were cultured in medium with 100
U'ml* of recombinant human granulocyte-macrophage
colony-stimulating factor (GM-CSF). After incubation
for five days, more than 70% of the cells were viable
and had the typical macrophage-like appearance, show-
ing enlargement, spreading and decrease in the nuclear/
cytoplasmic ratio. These monocyte-derived macrophages
were then washed thoroughly with medium.

In vitro activation

Monolayers of AM, PBM or monocyte-derived
macrophages were incubated in triplicate cultures for
24 h at 37°C in serum-free medium with or without
various amounts of activating agent (LPS) in the pres-
ence or absence of IL-4, and then the cell-free
supernatants were collected by brief centrifugation at 50
xg. Extra-cellular monokine activity in each sample of
triplicate cultures was quantitated by the enzyme-linked
immunosorbent assay (ELISA) as described below. In
preliminary experiments, there was no difference in the
viabilities of PBM, AM and monocyte-derived
macrophages incubated in medium with LPS
(1 pg'ml?) in the presence and absence of IL-4 (100
U-ml?) (data not shown).

Cell-associated IL-1 assay

We previously found that cell-associated IL-1 activ-
ity produced by LPS-stimulated AM was largely IL-1c
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[8, 9]. To measure extracellular and cell-associated IL-
1 activities, PBM or AM were plated for 1 h in CRPMI
1640, gently washed twice with RPMI-1640, incubated
in CRPMI 1640 medium with or without LPS in the
presence or absence of IL-4 for 16 h, and then washed
three times with RPMI 1640 and incubated for 15 min
at room temperature with paraformaldehyde (PFA) (1%
w/v in RPMI-1640 [8]. The cells were then washed
three times with RPMI-1640 (200 pl-wash™), kept at
37°C for 24 h in RPMI-1640 supplemented with 10%
FBS, and washed three times with RPMI-1640 before
assay of cell-associated IL-1. Then, thymocytes obtained
from C3H/Hel mice, 48 wks old, (Jackson Laboratory,
Bar Harbor, ME, USA) were incubated at a concentra-
tion of 1.5%10% cells'well™ with control medium or test
supernatants for measurement of extracellular IL-1
activity and with various numbers of fixed PBM for
measurement of cell-associated IL-1. Proliferation was
assessed with a suboptimal dose (0.5 pl'ml?) of
phytohemagglutin P (PHA-P) (Difco). The cultures were
then incubated at 37°C under 5% CO, in air for 72 h.
Tritiated thymidine (*H-TdR) (6.7 Ci-mmol*;
Amersham, Arlington Heights, IL, USA) was added 18
h before the end of the incubation. After incubation, the
cells were harvested on glass fibre in a cell harvester,
MASH II, and cellular *H-TdR incorporation was
assessed by measuring radioactivity in a scintillation
counter. IL-1 activity was expressed as *H-TdR incor-
poration. Preliminary experiments showed that LPS (1
pg:ml?) and/or IL-4 (100 U:ml?) with PHA-P or with
recombinant IL-1 did not directly induce proliferation
of C3H/HeJ] mouse thymocytes (data not shown).

Northern blot hybridization

Human AM were cultured in polypropyrene tubes
(Falcon, Oxnard, CA, USA) for 4 h in CRPMI 1640
medium with or without LPS (0.1 pg'ml?) in the
presence or absence of IL-4 (100 U:ml?!). Cultured AM
were washed briefly with ice-cold phosphate-buffered
saline, frozen in liquid nitrogen, and stored at -70°C
until use. Northern blot analysis of total RNA (10 pg)
extracted from AM samples by the guanidine
thiocyanate/cesium chloride method [34] was performed
as described previously [35]. The complement
deoxyribonucleic acid (cDNA) probes for IL-1a, IL-18
and TNFa were kindly provided by Dr Y. Hirai,
Otsuka Pharmaceutical Co., Tokushima, Japan. A cDNA
probe of B-actin was purchased from Wako Pure
Chemical Industries (Osaka, Japan). RNA samples
containing 10 pg'ml? of poly(A+)RNA were denatured
and electrophoresed in agarose gel containing
formaldehyde. After electrophoresis, the RNA was
transferred to a Hybond-N+nylon membrane
(Amersham) and hybridized with a 3?P-labelled probe.
The membrane was then autoradiographed with Kodak
XAR-5 film at -70°C with an intensifying screen. Film
images were scanned with a transmittance/reflectance
scanning densitometer (Bio-Rad model 1650; Bio-Rad
Laboratories, Richmond, CA, USA) to determine
quantitative variations in RNA.,

Enzyme immunoassays (EIAs) of human IL-1B, IL-1a
and TNFa

EIAs for human IL-la, IL-18 and TNFa were
performed essentially as described previously [8, 9].
Sensitivity limits of the EIAs for IL-1a, IL-1B and
TNFa were 10 pg'ml?, 20 pg'ml* and 20 pg'ml?,
respectively.

Statistical analysis

The statistical significance of differences between
groups was analysed by Student t-test (two-tailed).

Results

Suppression by IL-4 of IL-1 and TNFa production by
AM

Firstly, we examined whether IL-4 affected the
ability of human AM and autologous PBM to produce
IL-1 and TNFa in response to LPS. The results are
shown in figure 1. In serum-free medium alone, AM
or PBM did not secrete appreciable amounts or
monokines (TNFa and IL-1P), but their treatment with
LPS at concentrations of more than 10 ng:ml? resulted
in dose-dependent production of extracellular IL-1 and
TNFa. Activated PBM produced more IL-18 but much
less TNFa than AM. Under these experimental
conditions, the production of these monokines by
AM and PBM were significantly suppressed by IL-4
(p<0.05), when they were activated with =210 ng'ml?
and =1 ng'ml? of LPS, respectively.

We examined the effect of IL-4 concentration on
monokine production by AM and PBM. Neither AM
nor PBM incubated in medium alone secreted appreci-
able amounts of monokines (IL-1 and TNFa) (data
not shown). The extracellular production of IL-1 (o and
B) by PBM stimulated with LPS was suppressed by
addition of more than 10 U'ml? of IL-4, whereas that
by AM was only slightly affected by IL-4. In contrast,
the production of TNFa by activated AM and PBM
were both suppressed dose-dependently by IL-4, that by
AM being suppressed very markedly (fig. 2).

In a parallel experiment, we examined the effect of
the densities of AM and PBM on the suppression of
the IL-1 (a and B) and TNFa production by IL-4. Re-
sults are shown in figure 3. At cell densities of more
than 0.5x10° per well. LPS-stimulated AM produced
much more TNFa, and less IL-1f than PBM, and
IL-4 significantly suppressed the production of both
IL-1 (o and B) and TNFa by both activated AM and
PBM (p<0.05).

The variability in monokine production by AM
(5x10*well?) from nine different donors in the suppres-
sion of their production by IL-4 was examined. As
shown in table 1, the ability of human AM from dif-
ferent healthy donors to produce monokines (IL-1p and
TNFa) in response to LPS varied appreciably, but in
almost all cases IL-4 suppressed their production of
monokines.
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Fig. 1. - Suppression by IL-4 of IL-1f and TNFa production by AM activated with LPS. Samples of 5x10* AM or PBM were incubated in
monolayer for 24 h in serum-free medium with various concentrations of LPS in the presence (@) or absence (O) of IL-4 (100 U'ml?). Then, the
supernatants were harvested and IL-1p and TNFa were measured quantitatively by ELA as described in Materials and Methods. Data are representa-
tive of two separate experiments. SDs were consistently <10% of means. IL-4: interleukin-4; IL-1p: interleukin 18; TNFa: tumour necrosis factor
a; AM: alveolar macrophages; LPS: lipopolysaccharide; PBM: peripheral blood monocyte; EIA: enzyme immunoassay.
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Fig. 2. = Dose-dependent suppression by IL-4 of monokine production by AM and PBM. Samples of 5x10* PBM (@) or AM (O) were incubated
for 24 h in medium with 1 ug'ml" of LPS in presence or absence of IL-4 at the indicated concentrations. Then the supernatants were harvested
and IL-1a, IL-1p and TNFa were measured quantitatively as described in Materials and Methods. Data are representative of three separate
experiments. SDs were consistently <10%. For abbreviation see legend to figure 1.
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Fig. 3. — Effects of densities of AM or PBM on suppression by
IL-4 of monokine production. AM or PBM were plated for 2 h in
CRPMI 1640 at the indicated densities washed and incubated for 24 h
in medium with 1 pug-ml? of LPS in presence (@) or absence (O) of
IL-4 (100 U-ml"), Then the supernatants were harvested and monokines
were measured as described in Materials and Methods, Data are repre-
sentative of two separate experiments. For abbreviations see legend to
figure 1.

Kinetics of suppression by IL-4 of TNFa production by
AM and PBM

The effect of the time of IL-4 addition on suppres-
sion of monokine production was examined. TNFa
production was affected stepwise by addition of IL-4
to cultures of PBM at different times after treatment
with LPS: the production of TNFa by AM and PBM
was inhibited about 47% and 56%, respectively, by
addition of IL-4 immediately after LPS activation

(fig. 4).

Effects of pretreatment with anti-IL-4 antiserum on
suppression of IL-18 and TNFo production by AM or
PBM

We determined whether IL-4 itself or some contami-
nant in the recombinant human IL-4 preparation
suppressed the production of monokines by AM or
PBM. The results in table 2 show that pretreatment
for 16 h with anti-IL-4 antiserum almost completely
neutralized the suppressive effects of IL-4 (100 U'ml?)
on the production of IL-1p and TNFa by AM and
PBM.

Table 1. — Suppression by recombinant human
IL-4 of production of TNFa and IL-1B by human AM

No. Addition Monokine production pg'ml*
of of IL-4
expt 100 U'ml?! TNFa IL-18
1 - 8074=11 676£3
+ 4449£496* 2574*
2 - 4950£21 87«1
+ 2255£23* <20*
3 - 4620+378 348+5
+ 1452+£311* 150£2*
4 - 1230+74 131+6
+ 1048+79 T5+1*
5 - 1342124 <20
+ 287+23* <20
6 - 2233162 84434
+ 1551+311* 456x4*
7 - 171701214 3057+86
+ 11357+925* 617+20*
8 - 10494£132 2508+83
+ 6105+116* 628£10*
9 - 8470+692 303t4
+ 5082+490* 88x14*

Values are the mean (xsp) for triplicate cultures. *: p<0.05
vs value for AM treated with LPS alone. IL-4: interleukin-
4; TNFa: tumour necrosis factor-a; IL-1p: interleukin-18;
AM: alveolar macrophage; LPS: lipopolysaccharide.
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Fig. 4. - Kinetics of IL-4-mediated suppression of TNFa production
by AM or PBM. Samples of 5x10* AM (O) or PBM (@) were incu-
bated for 24 h in medium with 1 pg'ml! of LPS, and then at the
indicated times IL-4 (100 U'ml') was added to cultures of AM plus
LPS. The supernatants were harvested, and TNF production was as-
sessed as described in Materiels and Methods. Data are representative
of two separate experiments. For abbreviations see legend to figure 1.

Suppression by IL-4 of extracellularly-secreted and
cell-associated IL-1 production by activated AM
and PBM

We examined whether IL-4 suppressed the ability of
activated AM to produce cell-associated IL-1. As shown



IL-4 SUPPRESSION OF MONOKINE PRODUCTION BY AM 179

in table 3, human AM produced more cell-associated
IL-1 activity, but less extracellular IL-1 activity than
PBM. Addition of IL-4 to the cultures of AM and PBM
with LPS resulted in significant suppression of the
production of extracellular and cell-associated IL-1
activities by LPS-activated AM as well as PBM,

expression of f-actin mRNA (data not shown).
Addition of IL-4 to the cultures of AM with LPS
resulted in 33%, 29% and 25% reductions in their
expressions of IL-1a, IL-18 and TNFa mRNA, respec-
tively, as compared to AM treated with LPS alone

(fig. 5).

Table 2. — Effect of pretreatment of IL-4 with anti-IL-4 antiserum
on its suppression of monokine production by AM and PBM

Treatment 1I-1B pg'ml* TNFa pg-ml*!

of AM or Anti-IL-4

PBM antiserum Medium IL-4 Medium IL-4

PBM

Medium - <20 <20 <20 <20
+ 104 123 29 <20

LPS 1 pg'ml? - 3307 483 1617 935
+ 3369 3923+ 1122 1529+

AM

Medium - <20 <20 <20 <20
+ 95 115 <20 <20

LPS 1 pug:ml? B 449 115 16211 11726
+ 429 463* 15049 17373*

Values are the mean for triplicate cultures. The sps were consistently
<10% of the means. *: p<0.05 vs value for PBM or AM treated with LPS
and IL-4 without anti-IL-4 antiserum. PBM: peripheral blood monocytes.
For further abbreviations see legend to table 1.

Table 3. — Suppression by IL-4 of cell-associated IL-1
production by activated AM and PBM

Thymocyte blastogenesis to PHA-P

IL-4 PBM AM
Uml?  Medium LPS Medium LPS
Extracellularly-secreted IL-1
0 24762 28310+58 163123 206319
1 2198+3 419519* 1813+8 612828*
10 20528 2828+3* 1990x6 2409+3*
100 2998x5 3059x1* 1993z4 2214+9*
Cell-associated IL-1
0 123016 12408+14 165119 3180968
1 1099+71 2192+38% 1422429  12875+88*
10 1608+12  2210+5* 123420  7283%5*
100 1520+2 2408z6* 111766  2161+3*

Values are the mean cpm (xsp) for triplicate cultures. The
background *H-TdR incorporation was 1757+123. The *H-TdR
uptakes by thymocytes incubated with PHA-P and recombinant
IL-1a (5 U'ml?) and IL-1f (5 U'ml?) were 27842+328 and
16231+522, respectively. *: p<0.05 vs value for PBM or AM
treated with LPS alone. *H-TdR: tritiated thymidine. For
further abbreviations see legends to table 1 and table 2.

Suppression by IL-4 of mRNA expression for IL-1c,
IL-1B and TNFa in AM

Next, we examined whether IL-4 affected monokine
production by altering the expression of mRNA for
IL-1 and TNFa, IL-4 did not cause reduction in

IL-1«

TNF-« IL-1p

os-Ba e BB
Nl T e

Fig. 5. ~ Suppressive effect of IL-4 on LPS-induced expressions of
mRNA for TNFa, IL-1a and IL-1p in AM. AM were cultured for 4 h
in medium with LPS (0.1 pug'ml?) in the presence or absence of IL-4
(100 U:ml?). Then total ribonucleic acid was isolated and analysed
as described in Materials and Methods, Data are representative of
two independent experiments. For further abbreviations see legend to
figure 1.

Suppression by IL-4 of IL-18 and TNFa production by
monocyte-derived macrophages

We examined whether IL-4 affected the ability of
monocyte-derived macrophages to produce monokines
in response to LPS. As shown in table 4, monocyte-
derived macrophages produced a small amount of
TNFa spontaneously in the absence of LPS, but no
monokines were detected in the supernatants of fresh
PBM or AM. On stimulation with LPS, monocyte-
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derived macrophages showed a significantly greater
ability than fresh PBM to produce TNFa, although their
IL-1B production was less than that by fresh PBM. Ad-
dition of IL-4 simultanecously with LPS to the cultures
significantly suppressed the production of both
monokines (IL-18 and TNFa) by monocyte-derived
macrophages as well as fresh PBM and AM.

Table 4. — Monokine production by monocyte-derived
macrophages and its suppression by IL-4

Monokine pg'ml!
Addition
of IL-4 Fresh Monocyte-derived
100 U'ml* PBM  macrophages  AM

Set 1: IL-1§ production

Treatment

Medium - <20 <20 <20
+ <20 <20 <20
LPS 1 pgmi! - 4382+190 189+3 6761
+ 685+12* 48x1* 267x4*

Set 2: TNFa production

Medium - <20 95+4 <20
+ <20 44+2 <20
LPS 1 pgml! - 2496x89 20503+1357 8074x10

+ 1176+£13* 10703x435* 4409+4009*

Values are the mean (xsp) for triplicate cultures. *: p<0.05 vs
value for those treated with LPS alone. For abbreviations see
legend to table 1.

Discussion

The present study showed that on stimulation with
bacterial endotoxin LPS, IL-4 suppressed the production
of IL-1 (a and B) and TNFa by normal human AM at
the protein and mRNA levels, and that IL-4 suppressed
the early phase of AM activation to produce monokines.

IL-4 which is produced by T-cells, has various
biological effects of lymphoid and myeloid cells
[15-32], but its up- or down-regulatory effects depend
on the species of macrophages. For example, several
investigators found that IL-4 enhances the tumoricidal
activity of murine peritoneal macrophages [20], but in
a previous study we found that it suppressed tumoricidal
activation of human PBM [26]. Moreover, WoLrE ef al.
[36] reported that treatment of thioglycollate-induced
murine macrophages with IL-4 increased their level of
IL-1 mRNA, but not TNF mRNA [36]. IL-4 was also
found to act synergistically with LPS in inducing
murine peritoneal macrophages to produce TNF [37].
In contrast, treatment of human PBM with IL-4 de-
creased their production of IL-1 (a and B) and TNFa
[20-22], suggesting regulatory roles of IL-4 on human
PBM. These findings raise the question of whether IL-
4 up- or down-regulate mature human macrophages to
produce monokines. Little is known about the effect of
IL-4 on the functions of human AM, The expressions
of the monokines IL-1a, IL-1f and TNFa appear to be
differentially regulated in human AM and PBM. Human
AM obtained from healthy donors have been found to
produce more TNFa, but less IL-1B than autologous
blood monocytes [6, 7]. We found previously that the

cell-associated IL-1 activity was IL-1la [8]. In the
present study IL-4 inhibited the production of both ex-
tra-cellularly-secreted and cell-associated IL-1 activities
by activated human AM and PBM (table 3). Moreo-
ver, the present study clearly showed that at both
protein and mRNA levels IL-4 down-regulated the pro-
duction of IL-1a, IL-1f and TNFa by human AM in
response to stimuli with LPS.

The inhibitory effect of IL-4 was not due to direct
toxicity of IL-4 or some contaminant of the IL-4 prepa-
ration. Moreover, pretreatment of the recombinant hu-
man IL-4 preparation used with anti-IL-4 serum resulted
in complete loss of its ability of the preparation to sup-
press monokine production by AM or PBM (table 2).
Therefore, the inhibitory effect of IL-4 appears to be
functional, and not due to a cytotoxic effect.

As in previous studies on TNFa and IL-1a [8, 9],
we found that after prolonged incubation of PBM in
medium with GM-CSF, the resulting monocyte-derived
mature macrophages had the ability to secrete more
TNFa, but less IL-1p than freshly isolated PBM (table
4). Moreover, IL-4 also suppressed the ability of these
monocyte-derived macrophages to produce TNFa and
IL-1B. These findings indicate the ability of cells of
human monocyte-macrophage lineage to produce TNFa
and IL-1B.

TNF and IL-1 are important immunoregulatory
monokines [1-4]. These extracellular signalling proteins
are involved in various pathological lung diseases.
Indeed, a recent report showed that in experimental
immune complex-induced alveolitis, pathologically
relevant concentrations of TNF are elaborated within
the lung during development of acute alveolitis, and
are involved in injury of the lung [9]. TNF was also
found to be involved in bleomycin-induced pulmonary
fibrosis [11]. Modulation at a local or systemic
level of the production of IL-1 and TNFo. by activated
AM or newly-migrated PBM on a local or systemic
level may be important for the abrogation of inflam-
matory and/or immunological processes in the lung.
As the present findings showed that IL-4 suppressed
abilities of human monocyte-macrophages to produce
IL-1 and TNFa, which play important roles in various
immunopathological states such as pulmonary granulo-
matous diseases, IL-4 may be therapeutically useful in
these pathological states.
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