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ABSTRACT

The effect of recombinant human Â¡nterleukin4 (IL-4) on the expression
of antitumor activity of human alveolar macrophages (AM) obtained by
bronchoalveolar lavage from healthy donors was examined. AM were
incubated for 16 h in medium with various macrophage activators [lipo
polysaccharide, des-methyl muramyldipeptide, Nocardia rubra cell wall
skeleton, and heptanoyl--y-D-Glu-(L)-meso-a,e-A2pm(L)-D-AlaOH] in the
presence or absence of IL-4, and then their tumoricidal activity was
assayed by measuring l25I-UdR release from human melanoma (A37S)

cells. The spontaneous tumoricidal activity of AM was slightly sup
pressed by IL-4 in 3 of 7 donors. Addition of IL-4 to cultures of AM
with the activators resulted in dose-dependent suppression of AM-me-
diated cytotoxicity against A375 cells. IL-4 also inhibited AM-mediated
cytotoxicity against A375-R cells, which are resistant to interleukin 1
(Il.-l ) and tumor necrosis factor a, HT-29 colon cancer cells, and KB
cells. IL-4 inhibited the early induction phase of AM activation. Pretreat
ment of AM with IL-4 also suppressed their expression of antitumor
activity in response to lipopolysaccharide. IL-4 inhibited the production
of monokines (Il.-l and tumor necrosis factor a) by AM at the protein
and mRNA levels. These findings suggest that IL-4 may be important in
vivo in the down-regulation of antitumor expression of AM in the lung
by inhibiting the production of monokines and other killing mechanisms.

INTRODUCTION

IL-4,3 originally defined as a B-cell-stimulatory factor, is a
M, 20,000 cytokine produced by activated helper T-cells which
has a variety of biological activities (1, 2). Recently, IL-4 has
been shown to have effects on T-cells, endothelial cells, and
hematopoietic progenitor cells (3-5). Monocytes-macrophages
are known to express IL-4 receptor (6), and IL-4 has been
shown to influence various human monocyte functions such as
the secretions of H2O2, C2, and prostaglandin E2; the produc
tion of colony-stimulating factors; macrophage colony forma
tion; and HLA-DR expression (5, 7-11).

The lung is a common site of development of primary and/
or metastatic tumor cells. AM are the main cells present in the
lower respiratory tract and may encounter lung cancer cells at
an early stage of carcinogenesis. In addition, many studies in
murine systems have shown that activated macrophages are
important to the defense against primary and/or metastatic
neoplasias (12, 13). Human AM are also known to be rendered
tumoricidal by various activating stimuli (14-16). So AM seem
to be very important effector cells in the host defense against
tumor cells. Moreover, AM are different from blood monocytes
in various functions. For example, human AM have a more
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pronounced ability than blood monocytes to produce cell-as
sociated IL-la (17) and TNF-a (18). In contrast, they have a
less pronounced ability to produce IL-iÃŸ(17) or to present an
antigen (19).

Recent reports have shown that IL-4 inhibits the ability of
human blood monocytes to produce monokines (IL-1 and TNF-
a) (9, 20), which are responsible for monocyte-mediated tumor
cell killing (21-23). Hudson et al. (24) and we (25) also found
that expression of tumoricidal activity by human blood mono
cytes was inhibited by addition of IL-4 during the activation
phase, through suppression of monokine productions. Little is
known, however, about the effect of IL-4 on the functions of
human alveolar macrophages. It is therefore important to de
termine whether IL-4 has any effects on the ability of human
AM to express antitumor activity or to produce monokines.

In this study, we demonstrated that expression of tumoricidal
activity by AM was inhibited by addition of IL-4 during the
activation phase through suppression of monokine production
and other killing mechanisms.

MATERIALS AND METHODS

Cell Lines. A375 cells derived from a human melanoma, HT-29
human colon cancer cells, and KB cells derived from a human epider-
moid carcinoma were adapted to growth in culture (IS, 16, 22). The
TNF-a- and IL-1-resistant A375 melanoma cell line (A375-R) (26) was
kindly supplied by Dr. I. J. Fidler (M. D. Anderson Cancer Center,
Houston, TX). Cell cultures were maintained on plastic in RPMI 1640
supplemented with 10% heat-inactivated fetal bovine serum and gen
ia micin. designated as CRPMI 1640, at 37Â°Cin a humidified atmos

phere of 5% COj in air. Cytotoxicity assays were performed when the
cultured target cells were in the exponential phase.

Reagents. Fetal bovine serum was purchased from M.A. Bioproducts
(Walkersville, MD). Recombinant human IL-4 (lot 801; specific activ
ity, I x 10'' units/mg of protein) and polyclonal rabbit antisera to

recombinant human IL-4 were gifts from Ono Pharmaceutical Co.
(Osaka, Japan). Recombinant II,-1 Mand II -1.) were kindly supplied by
Dr. Y. Hirai (Otsuka Pharmaceutical Co., Tokushima, Japan). Natural
TNF-a (lot 706032; specific activity, 4.0 x 10* Japanese Reference

Units/mg of protein) was a gift from Hayashibara Institute (Okayama,
Japan). Synthetic norMDP was a gift from Ciba-Geigy (Basel, Switzer
land). N-CWS and FK-565, which is a synthetic acyltripeptide, were
supplied by Fujisawa Pharmaceutical Co. (Osaka, Japan). None of
these materials contained endotoxins, as judged by Limulus amebocyte
assay (sensitivity limit, 0.1 ng/ml, Seikagaku Kogyo Co., Tokyo, Ja
pan). LPS (from Escherichia coli 055:B5) was obtained from Difco
Laboratories (Detroit, MI).

Preparation and Purification of Human AM Cultures. Appropriate
informed consent was obtained from healthy nonsmoking donors before
this study. Bronchoalveolar lavage was performed as described in detail
elsewhere (15, 16). Briefly, after anesthetizing the oral cavity and the
upper airway with lidocaine spray, the tip of an Olympus fiberoptic
bronchoscope (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 saline (0.9% NaCl) prewarmed to 37'C, and the

fluid was gently sucked out with a 50-ml syringe. This process was
repeated 3 times. A total of 150 ml of saline was instilled, of which
about 65% was recovered. The lavaged cells were passed through
sterilized gauze and were washed twice with RPMI 1640. The yield of
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human AM from normal volunteers was approximately 1.8 x IO7viable

cells/wedge segment (>93% viable, determined by trypan blue dye
exclusion). Differential counts established that >89% of these cells were
AM (staining for nonspecific esterase). The remaining cells were elim
inated during subsequent washing. The AM were suspended in RPMI
1640 supplemented with 10% heat-inactivated fetal bovine serum and
gentamicin, designated as CRPMI 1640, and then were plated into 96-
well Microtest III plates (Falcon, Oxnard, CA) at a concentration of 1
x 10s AM/well, unless otherwise stated. Nonadherent cells (<10% of

the total) were removed l h after plating by washing the cells with
warm CRPMI 1640. At that time, the percentage of cells that remained
adherent ranged from 82 to 93%, and more than 99% of the adherent
cells were mononuclear cells with esterase activity. These AM mono-

layers were used for the measurement of monokine production and
antitumor properties.

Isolation and Culture of Human Peripheral Blood Monocytes. Leu
kocyte concentrates were collected from peripheral blood (200 ml) of
healthy donors in an RS-6600 rotor of a Kubota KR-400 centrifuge,
and mononuclear cells were separated from the leukocyte concentrates
in lymphocyte separation medium (Litton Bionetics, Durham, NC).
Then monocytes were separated from the mononuclear cell samples by
centrifugal elutriation in a Beckman JE-S.O elutriation system as de
scribed in detail previously (26). A fraction containing more than 95%
of the total monocyte population was obtained at a speed of 3000 rpm
and a flow rate of 30 to 36 ml/min. More than 90% of these cells were
monocytes, as determined by nonspecific esterase staining and morpho
logical examination, and more than 97% were viable, as judged by the
trypan blue dye exclusion test. This fraction was washed twice with
PBS and resuspended in CRPMI 1640 at a concentration of 1 x IO6
monocytes/ml. These cells were plated for l h in 96-well Microtest III

plates (Falcon, Oxnard, CA), and nonadherent cells were then removed
by washing with medium. At this point the purity of the monocytes
was >99% as judged by their morphology and nonspecific esterase
staining.

In Vitro Activation of AM and Monocytes. AM and monocytes were
incubated in triplicate cultures for 16 h at 37Â°Cin medium with or

without various amounts of activating agents in the presence or absence
of IL-4, and their supernatants were then harvested for measurement
of monokines. The remaining cell monolayers were used for tumor
cytotoxicity assay.

AM- and Monocyte-mediated Cytotoxicity. AM- and monocyte-me-
diated cytotoxicity was assessed by measuring the release of radioactiv
ity as described in detail previously (16, 25). Target cells in the expo
nential growth phase were incubated for 16 h in CRPMI 1640 with 0.4
iiCi/ml of [125I]iododeoxyuridine (specific activity, 0.5-1 mCi/ml;

Amersham International, Little Charfont, England). Unless described
elsewhere, IO4 target cells were plated into wells containing 1 x IO5

AM and monocytes at an E:T ratio of 10:1, washed 24 h later to remove
nonadherent and dead cells, and refed with fresh CRPMI 1640. After
further incubation for 56 h, the effectortarget cell cultures were washed
twice with PBS; adherent, presumably viable cells were lysed with 0.05
ml of 0.1 N NaOH; and their radioactivity was measured in a gamma
counter.

Unless otherwise described, the percentage cytotoxicities mediated
by activated AM and human monocytes were calculated as

100 x
A - B

where A represents cpm in the culture of tumor cells alone and B
represents cpm in the culture of test AM or monocytes and target cells.

Enzyme Immunoassays of Human IL-lÃŸand TNF-a. Enzyme im-
munoassays for human IL-1/3 and TNF-a were performed essentially
as described previously ( 17). Briefly, microtitration plates were coated
with anti-IL-1/3 and anti-TNF-a monoclonal antibodies in 100 n'/well
of PBS, pH 7.4. After overnight incubation at 4Â°C,the wells were

blocked with a solution of 1% skimmed milk in PBS for at least l h at
room temperature and washed 3 times with PBS containing 0.05%
Tween 20 (Tween-PBS). This buffer was used for all washings. Volumes
of 200 Â¿ilof culture supernatants (samples) in PBS containing 0.1%

BSA were added to the wells, and the plates were incubated at 37Â°Cfor

2 h. The plates were then washed 3 times, 100 ÃŸ\of rabbit anti-IL-1/3
or anti-TNF-a antibody (diluted to 1:1000 with PBS containing 0.1%
BSA) were added to each well, and the plates were incubated for 2 h at
37Â°C.Subsequently, the plates were washed, supplemented with 100 ^1
of peroxidase-labeled goat anti-rabbit IgG (diluted to 1:1000 with PBS
containing 0.1% BSA), and incubated at room temperature for 2 h.
Finally, 100 M' of enzyme substrate (1 mg/ml of 0-phenylenediamine
in 0.1 M sodium citrate buffer, pH 5.0) were added to each well, and
the plates were incubated at room temperature for 5 min. The reaction
was stopped by adding 100 n' of H2SO4 to each well, and the absorbance
at 492 nm was determined with a Titertek Multiscan.

Isolation of RNA and Northern Blot Hybridization. AM and blood
monocytes were cultured in polypropylene tubes (Falcon, Oxnard, CA)
for 4 h in CPRMI 1640 medium with or without LPS (0.1 jig/ml) in
the presence or absence of IL-4 (100 units/ml). Total cellular RNA was
isolated by acid guanidinium thiocyanate-phenol-chloroform extraction
(27). Electrophoresis and RNA blotting were carried out as described
previously (28). Equal amounts of total RNA (5 Mg)were denatured in
a solution of 20 mM 3-(yV-morpholino)propanesulfonic acid buffer (pH
7.0) containing 6% formaldehyde, 50% formamide, 5 mM sodium
acetate, and 1 mM EDTA at 65Â°Cfor 5 min and then separated by

electrophoresis on 1.0% agarose gel containing 6% formaldehyde. The
separated RNA was transferred to a Hybond-N+ nylon membrane
(Amersham) and hybridized with a 32P-labeled probe. Human IL-la,
IL-10, and TNF-a complementary DNA probes were kindly provided
by Dr. Y. Hirai. A complementary DNA probe of/3-actin was purchased
from Wako Pure Chemical Industries (Osaka, Japan). Before hybridi
zation, the nylon membrane was prehybridized with 50% formamide,
5x SSPE (ix SSPE = 0.15 M NaCl-10 mM NaH2PO4-l mM EDTA),

200 Mg/ml of sonicated salmon sperm DNA, 0.1% sodium dodecyl
sulfate, and 5x Denhardt's solution (Ix Denhardt's = 0.02% each of
Ficoll, polyvinylpyrrolidone, and BSA) at 42Â°Cfor 6 h. Hybridization
was performed at 42Â°Cfor 14 h in the same solution containing 10%
dextran sulfate and labeled complementary DNA (IO6 cpm/ml), which
had a specific activity of about 10' cpm/^g. After hybridization, the

nylon membrane was washed four times with 2x SSPE containing 0.1%
sodium dodecyl sulfate for 15 min each time at 42Â°Cand then with 1x
SSPE containing 0.1% sodium dodecyl sulfate for 30 min at 42"C. The
membrane was autoradiographed with Kodak XAR-5 film at -70Â°C

with an intensifying screen. Field images were scanned with a trans-
mittance/reflectance scanning densitometer (Bio-Rad 1650; Bio-Rad
Laboratories, Richmond, CA) to determine quantitative variations in
RNA.

Statistical Analysis. The statistical significance of differences between
groups was analyzed by Student's / test (two-tailed).

RESULTS

Effect of IL-4 on Tumoricidal Activity of AM. First, we
examined whether IL-4 affected the cytotoxicity of untreated
and LPS-treated AM (Table 1). AM obtained from 7 healthy

nonsmoking donors were incubated in CRPMI 1640 with or
without LPS (l Mg/01') in the presence or absence of 100 units/
ml of IL-4 for 16 h, and then cytotoxicity to A375 melanoma
cells was assayed at an E:T ratio of 10:1. As reported previously
(15, 16), untreated AM showed low levels of cytolytic activity
of 10.4 to 36.4% (mean Â±SD, 18.3 Â±13.0). IL-4 significantly
suppressed the spontaneous cytotoxic activities of AM of 3 of
7 donors. Under the same experimental conditions, IL-4 sig
nificantly suppressed the LPS-induced cytotoxicity of AM in
all cases. IL-4 suppressed the activation of AM with high
spontaneous cytotoxicities from donors (nos. 4 and 6) less than
that of AM with low spontaneous cytotoxicities.

We previously found that human blood monocytes and mac
rophages from the pleural cavity were rendered tumoricidal by
norMDP (15), N-CWS (29), and FK-565 (30), as well as LPS.
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Table 1 Effect of IL-4 on tumoricidal activity of AM
AM (10s) were incubated for 16 h in medium with or without I.PS (1 fig/ml)

in the presence or absence of 100 units/ml of IL-4 before addition of IO4labeled
A375 melanoma cells. Values are means for triplicate cultures. SDs were consist
ently less than 10% of means.

% cytotoxicity against A375 melanoma cells

Medium LPS

Donor1234567Mean

Â±SDMedium12.315.710.436.420.432.7018.3Â±13.0IL-416.4<f3.518.4C8.0C21.409.7Â±9.0Medium79.980.943.761.290.482.379.774.0Â±16.0IL-455.4Â°

(31)*52.1"
(36)11.0"
(32)56.3"
(8)26.5Â°
(71)73.7Â°
(10)57.5Â°
(28)47.5

Â±21.3Â°

Â°P < 0.05 versus value for LPS-stimulated AM incubated without IL-4.
* Numbers in parentheses, % inhibition as compared to AM treated with LPS

alone.
' P< 0.05 versus value for unstimulated AM incubated without IL-4.
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Fig. 1. Dose dependence of effect of IL-4 in suppressing activation of AM and
monocytes to the tumoricidal state. AM and monocytes (10s) from the same
donors were incubated for 16 h in the absence or presence or various concentra
tions of IL-4 with (â€¢)or without (O) l ^g/ml of LPS, and then AM- and
monocyte-mediated cytotoxicities against A375 melanoma cells were assayed as
described in "Materials and Methods." Data are representative for two independ

ent experiments. Bars, SD of triplicate cultures.

Therefore, we examined whether IL-4 could suppress the anti-
tumor activity of AM induced by various stimuli such as
norMDP (10 Mg/ml), N-CWS (10 /ug/ml), or FK-565 (100 Mg/
ml). Results showed that like LPS, norMDP, N-CWS, and FK-
565 rendered AM tumoricidal and that IL-4 also significantly
suppressed the antitumor activities induced by these other
stimuli (data not shown).

Suppression of AM Activation by IL-4. To compare the
suppressive effects of IL-4 on the tumoricidal activities of AM
and monocytes from the same donor, we incubated their effector

cells for 16 h in medium with LPS (l ÃŸg/m\)in the presence of
various concentrations of IL-4 before addition of labeled A375
cells. As shown in Fig. 1, LPS-stimulated AM and monocytes
were significantly cytotoxic to A375 human melanoma cells,
but addition of more than 0.1 unit/ml of IL-4 to cultures of
AM or monocytes activated by LPS resulted in dose-dependent
suppression of their tumoricidal activity.

We also examined the effect of the effectorrtarget ratio on
IL-4-mediated suppression of tumoricidal activity. AM- and
monocyte-mediated cytotoxicities against IO4 cells/well of

A375 human melanoma cells were measured at E:T ratios of
0.5, 1, 2.5, 5, and 10. In all cases, IL-4 (100 units/ml) signifi
cantly inhibited activation of both AM and monocytes by LPS
to the tumoricidal state (data not shown).

Kinetics of Suppression of AM Activation by IL-4. To deter
mine the effect of the time of IL-4 addition on AM activation
by LPS, AM were incubated for 16 h in medium with LPS (1
Mg/ml), and IL-4 (100 units/ml) was added to the AM cultures
at various times. As shown in Table 2, inhibition of activation
of AM was maximal when IL-4 was added immediately after
LPS and decreased progressively with increase in the time
between additions of LPS and IL-4.

For examination of the effect of pretreatment of AM with
IL-4 before activation by LPS, we added IL-4 (100 units/ml)
to AM cultures 2 h before LPS stimulation. As shown in Table
2, pretreatment of AM with IL-4 suppressed their expression
of antitumor activity in response to LPS.

In a parallel experiment, we found that anti-IL-4 antisera of
doses of more than 10 ng/ml completely eliminated the inhib
itory effect of IL-4 on AM activation by LPS (data not shown),

ruling out the possibility that another contaminant in the me
dium was responsible for most, if not all, of the observed
suppression by IL-4.

Suppression by IL-4 of Monokine Production by AM. IL-1
and TNF-a are known to be cytotoxic effector molecules re
sponsible for tumor cell killing by activated monocyte-macro-
phages (21-23). So we examined whether IL-4 inhibited mon-
okine production by human AM. AM (IO5 cells) obtained from

11 different normal donors were incubated with or without LPS
(1 Mg/ml) for 16 h in the presence or absence of 100 units/ml
of IL-4, and then their supernatants were harvested for meas
urements of extracellular IL-10 and TNF-a production. AM
incubated in medium alone produced a small amount (0.04-

Table 2 Effect of time oflL-4 addition during AM activation by LPS on AM-
mediated cytotoxicity

AM (10') were incubated for 16 h in medium with or without LPS (1 Mg/ml).
At the indicated times, IL-4 (100 units/ml) was added to cultures of AM plus
LPS. The AM were then incubated with labeled A375 melanoma cells (IO4) for

72 h. Percentage cytotoxicity was calculated relative to value with A375 cells
alone. Data are representative of two separate experiments.

Time of
IL-4additionA375

cellsaloneUntreated
AMAM

with IL-4, but notLPSAM
with LPS, but notIL-4IL-4
addition afterLPS-2

hOh0.5

h1
h2h4h8hCytotoxicity

against
A375cells2161

Â±44Â°1693
Â±205(21.1)*1852

Â±171(13.7)394
Â±307 (81.6)1173Â±

103(45.3)r1476Â±63(31.2)c1241

Â±188(42.2)''11
33Â±37(47.2)'901

Â±54(58.0)f740

Â±19(65.5)371
Â±69(82.7)

" Mean cpm Â±SD for triplicate cultures.
* Numbers in parentheses, percentage cytotoxicities.
' P < 0.05 versus value for AM treated with LPS alone without IL-4.
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0.42 ng/ml) of TNF-a but no detectable IL-1/3. IL-4 alone
suppressed spontaneous release of TNF-a slightly but not sig
nificantly (data not shown). As shown in Fig. 2, LPS stimulated
AM to produce various amounts of TNF-a and IL-1/3. Under
these experimental conditions, IL-4 significantly suppressed
IL-10 production by LPS-stimulated AM from all 11 donors;
in the presence and absence of IL-4, LPS-stimulated AM pro
duced 0.29 Â±0.23 (SD) and 0.89 Â±0.81 ng/ml of IL-1/3,
respectively. IL-4 also significantly suppressed TNF-a produc
tion by LPS-stimulated AM from 9 of 11 donors (mean values,
5.41 Â±1.02 ng/ml versus 9.08 Â±4.42). These results showed
that IL-4 suppressed the production of IL-1/3 more than that of
TNF-a (67% versus 40%) by LPS-stimulated AM.

In a parallel experiment, we examined the effect of IL-4 on
the expression of mRNAs of monokines by AM. Previous
experiments with blood monocytes demonstrated that IL-la,
IL-1/3, and TNF-a mRNAs are transcribed maximally after
stimulation with LPS for 4 h. AM samples obtained from 3
donors were incubated in suspension with LPS (0.1 /Â¿g/ml)in
the presence or absence of IL-4 (100 units/ml) for 4 h. Repre
sentative results are shown in Fig. 3. RNA hybridization indi
cated that IL-4 alone or in combination with LPS did not affect
expression of the /3-actin gene. IL-4 caused 25, 29, and 33%
inhibitions for expressions of TNF-a, IL-1/3, and IL-la
mRNAs, respectively. Although we found consistent inhibition
by IL-4 of IL-1/3 gene expression in all 3 samples of LPS-
activated AM, suppression by IL-4 of IL-la and TNF-a mRNA
expressions was seen in 2 of the 3 samples, in which one donor
did not show IL-4-mediated suppression at both the protein
and mRNA levels.

Inhibition by IL-4 of AM-mediated Cytotoxicity against IL-1-
and TNF-a-resistant A375-R Cells. Finally, we examined the
effect of IL-4 on AM-mediated cytotoxicities against other
human tumor (A375-R, HT-29, and KB) cells, because activated
human blood monocytes have been shown to kill tumor cells
by an effector mechanism independent of TNF-a and IL-1 (31-
33). First, we examined sensitivities of these cell lines to IL-la,
IL-1/3, and TNF-a. Results showed that A375 cells were highly
sensitive to cytotoxicity by al unit/ml of IL-1 (a and /3)or a 10
units/ml of TNF-a, whereas A375-R cells were resistant to both
IL-1 (a and ÃŸ)and TNF-a at concentrations of al00 units/ml
(data not shown). HT-29 and KB cells were also sensitive to
cytotoxicity by TNF-a (>10 units/ml) but less sensitive to that
by IL-1 (a and ÃŸ).Under the same experimental conditions,
LPS-stimulated AM showed cytotoxicities against all these

target tumor cells, regardless of their sensitivities to monokines,
and addition of IL-4 during AM activation significantly sup

pressed their antitumor activities (Table 3).

DISCUSSION

In the present study we found that IL-4 inhibited the early
phase of activation of AM by various activation stimuli to
express tumoricidal activity against various human cancer cells,
irrespective of their sensitivities to IL-1 and TNF-a, and that
it suppressed their production of TNF-a and IL-1 at the protein
and mRNA levels.

Consistent with previous reports by others (14) and by us
(15, 16), human AM expressed spontaneous tumoricidal activ
ities of 10.4% to 36.4% (Table 1). Interestingly, IL-4 did not
affect these spontaneous tumoricidal activities of AM from 4
of 7 donors. This might be because human AM obtained by
lavage from the lungs of normal donors may consist of hetero-

20

oÃ_c"5
u. 10

2

IO

3

IL-4 â€”¿�

TNFa IL-1B
Fig. 2. Suppression by IL-4 of IL-1/3 and TNF-a production by AM treated

with LPS. AM (10!) were incubated for 16 h in medium with LPS (1 ^g/ml), and
then monokines in the supernatants were measured by enzyme immunoassay. O,
no significant differences between the two groups.

geneous subpopulations of cells, some of which are already
stimulated or activated with inhaled environmental compounds,
and because IL-4 suppressed the early phase of activation of
AM within 2 h after LPS stimulation but not fully activated
AM (Table 2), as shown in our previous report on monocytes
(25).

Previously, we (25) and others (24) observed dose-dependent
suppression of human blood monocyte-mediated cytotoxicity
by IL-4. This finding was confirmed and extended by the present
findings that IL-4 significantly suppressed antitumor expres
sion of human AM in response to various activation stimuli in
a dose-dependent manner. This suppression was not due to the
direct toxic effect of IL-4 on AM or to some contaminant(s) in
the IL-4 preparation, because there was no significant difference
in the viabilities of LPS-stimulated AM in the presence and
absence of IL-4 or in the neutralizing effect of anti-IL-4 anti
body (data not shown). Moreover, pretreatment of AM with
IL-4 within 2 h before LPS stimulation resulted in significant
suppression of AM activation to the tumoricidal state (Table
2). We also observed the same suppression by IL-4 with other
human cancer cells (HT-29 colon cancer and KB epidermoid
cancer cells) as with target cells of AM-mediated cytotoxicity
(Table 3). TNF-a and IL-1 are important factors involved in
human tumor cell killing (21-23). As IL-4 suppressed the
production of TNF-a and IL-1 by human monocytes at the
protein and gene levels (9, 20), we determined whether it had
similar effects on human AM. We found that IL-1/3 production
by activated human AM was suppressed by IL-4 at both the
protein and mRNA levels (Fig. 3). Interestingly, IL-4 sup
pressed TNF-a production by AM from only 9 of 11 donors,
and it suppressed IL-la and TNF-a mRNA expression in 2 of
3 AM samples.

The exact mechanisms by which human monocyte-macro-
phages kill cancer cells are still unknown. In addition to IL-1
and TNF-a, several other factors (e.g., H2O2~, NO", proteases,

and cytotoxins) may be responsible for tumor cell killing (31-
33). The present demonstration of the cytotoxicity of human
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Fig. 3. Effect of IL-4 on expression of 28 S ~
mRNA of monokines by AM treated with
LPS. AM (IO7) were incubated in suspension

for 4 h with or without LPS (0.1 fig/ml) in the
presence or absence of IL-4 (100 units/ml).
Total cellular mRNA was extracted as de
scribed in "Materials and Methods."

18S-

TNF-a IL-1P IL-1a Act in

Table 3 Suppression by IL-4 of activation of cytotoxicity of AM to various tumor
cells

AM (10') were preincubated for 16 h with or without LPS in the presence or
absence of IL-4 (100 units/ml). Then they were incubated for 72 h with labeled
A375 melanoma cells, A375-R cells, HT-29 colon cancer cells, or KB cells at an
E:T ratio of 10:1. Data are representative for two separate experiments.

Treatment
ofAMMedium

IL-4 (100 units/ml)
LPSO Mg/ml)
LPS (I (*g/ml) + IL-4 (100

units/ml)%

cytotoxicityA37537.5Â°

47.6
72.1
51.8*A375-R13.5

16.5
40.5
25.0*HT-2914.7

26.4
49.6
35.1*KB0

1.932.7

0.4*

" Values are means of triplicate cultures. The SD was consistently less than

10% of means.
* P < 0.05 versus value for AM treated with the corresponding agent in the

absence of IL-4.

AM to A375-R melanoma cells, which are resistant to both IL-
1 and TNF-a, suggests that tumor cell killing by activated AM
is due not only to the release of IL-1 and TNF-a but also to
some other mechanism(s). Interestingly, IL-4 inhibited the ac
tivation of human AM to kill even the variant A375-R cells
that are resistant to both IL-1 and TNF-a (Table 3), suggesting
that some other AM-mediated antitumor mechanisms in addi
tion to IL-1 and TNF-a may be suppressed by IL-4.

Recombinant human IL-4 is currently under clinical trial to
determine its efficacy in the treatment of human cancer, by
increasing the antitumor activity of cytotoxic effector cells,
possibly tumor-infiltrating lymphocytes (34). This seems disad
vantageous, however, to a host defense mediated by human
monocyte-macrophages, because IL-4 inhibits the tumoricidal
expression of AM and monocytes in response to activation
stimuli. IL-4 was also found to suppress natural killer (35) and
IL-2-activated killer (36) activity and antibody-dependent cell
ular cytotoxicity (37). Thus, it is likely that IL-4 up- and down-
regulates the antitumor activities of effector cells, depending
on their functional states and cell types (e.g., lymphocytes, Fc-
bearing cells, and monocyte-macrophages). These findings, to
gether with the present finding that IL-4 had no effect once
AM were activated, suggest that the timing of IL-4 administra
tion in combination with appropriate macrophage activators
should be taken into account in developing an effective immu
nothÃ©rapieregimen for cancer patients.
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