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SUMMARY

Murine alveolar macrophages (AM) have been shown to be inefficient at providing accessory

function for initiation of the in vitro plaque-forming cell (PFC) response. In the present study AM,
which were obtained either from untreated mice (resident AM) or mice injected i.v. with BCG
(activated AM) potently suppressed the PFC response ofspleen cells from animals previously primed
with sheep erythrocytes (SRBC). Additon of AM at a concentration of 10% with respect to spleen
cells resulted in greater than 90% suppression ofthe PFC response. In order to determine ifinefficient
antigen presentation was associated with AM-mediated suppression, the role of IL- I and Ia antigen
was studied. Addition ofexogenous recombinant IL- I (rIL- 1) stimulated the PFC response in control
cultures, but had no effect on AM-mediated suppression. Resident AM could be activated with
lipopolysaccharide or antigen to produce significant levels of IL- 1. Membrane-bound IL-1, thought
to be important in the presentation of particulate antigens, was detected on glutaraldehyde-fixed
resident AM and was significantly elevated in BCG-activated macrophages. The frequency of cell
surface Ta antigen expression was low in residentAM (4%), but could be increased (35%) after in vivo
activation with BCG. Recombinant interferon-gamma (IFN-y), known to enhance expression of Ia

antigen and production of IL-1, had no effect on AM-mediated suppression when used either to
pretreat AM, when present during the entire period of culture, or when injected into mice before
culture initiation. Treatment with IFN-y, however, resulted in a slight increase in the expression of Ia
antigen. These results indicate that the immunosuppressive activity of AM is neither related to a

defect in IL- I production or expression nor to a deficiency in Ia antigen expression and therefore can
not be explained by the inefficient antigen-presenting function of alveolar macrophages.

INTRODUCTION

Apart from their non-specific phagocytic and microbicidal
functions (Hocking& Golde, 1979), pulmonary alveolar macro-
phages (AM) have been shown to regulate the induction and
expression of specific immune reactions in the lung (Kaltreider,
1982; Herscowitz, 1985). They have been reported to stimulate
and inhibit antigen- and mitogen-induced lympho-proliferation
(Laughter, Martin & Twomey, 1977; Gorenberg & Daniele,
1978; Holt, 1979; Lipscomb et al., 1981) and suppress antibody
response (Pennline et al., 1979; Fournier et al., 1984; Mbawuike,
Luhr & Herscowitz, 1986a). As relatively poor antigen-present-
ing cells, AM have been found to be less efficient in the uptake of
particulate antigens (Weinberg & Unanue, 1981), processing of
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soluble antigens (Ullrich & Herscowitz, 1980) and interacting
with T cells (Shellito, Caldwell & Kaltreider, 1983) when
compared to peritoneal or splenic macrophages.

It is currently unclear if there is a correlation between the
immunosuppressive function ofAM and their defective antigen-
presenting capabilities. Such a relationship has been suggested
by studies which demonstrate decreased ability to suppress and
increased ability to present antigen byAM in bronchial asthma
(Aubas et al., 1984), sarcoidosis (Venet et al., 1985) and
experimental pulmonary granuloma (Kobayashi et al., 1985). In
those studies, the increased accessory functions were accompa-
nied by an increased frequency ofAM expressing HLA-DR or
HLA-DS surface antigens (Venet et al., 1985), augmented levels
of IL-1 production and increased responsiveness to migration
inhibitory factor (Kobayashi et al., 1985).

IL-1, a polypeptide hormone produced by activated mono-
nuclear phagocytes, modulates the proliferation, maturation
and functional activation of T cells (Mizel, 1982) and plays a
role in the initiation and amplification of T-cell dependent
immune responses. IL- I induces the synthesis ofIL-2 and/or the
expression of IL-2 receptors. Recently, antigen-pulsed, parafor-
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maldehyde-fixed splenic macrophages were shown to express
integral membrane IL-1, which fulfils one of the requirements
for T-cell activation in addition to antigen presentation in the
context of I-region determinants (Kurt-Jones, Virgin &
Unanue, 1985). Only a small percentage ofmurineAM (5-10%)
express Ia antigen when compared to other types of macro-
phages (Weinberg & Unanue, 1981; Cowing, Schwartz &
Dickler, 1978). However, human AM have been shown to
secrete spontaneously significant amounts of IL-I (Koretsky et
al., 1983). Further, production of IL-I was shown to be
augmented in pulmonary disease states (Kobayashi et al., 1985;
Venet et al., 1985).

In the present study, we asked ifmurineAM were capable of
producing IL- I and expressing la antigen in order to determine
if a deficiency in the production of these immunologically
relevant molecules played a role in AM-mediated suppression of
humoral immunity. In addition, we wanted to determine if
treatment ofAM with IFN-y, which is known to stimulate both
IL-I production and Ia antigen expression (Eden & Turino,
1986; Boraschi, Censini & Tagliabue, 1984; Nakamura et al.,
1984), could modulate AM-mediated suppression.

MATERIALS AND METHODS

Mice
Certified virus-free BALB/c and C3H/HeJ mice were purchased
from Harlan Sprague-Dawley Inc., Walkersville, MD and The
Jackson Laboratory, Bar Harbor, ME, respectively, and were
maintained at the Georgetown University Research Resources
Facility in accordance with NIH guidelines. They were provided
with food and water ad libitum.

Cell lines
D10.G4.1, a conalbumin-specific AKR T-cell clone, isolated
and characterized by Kaye et al. (1984), was generously
provided by Dr Jonathan Kaye (Yale University Medical
School, New Haven, CT). D10.G4.1 cells were maintained by
weekly passage with mitomycin c-treated C3H/HeJ splenic
feeder cells and conalbumin (Sigma Chemical Co., Louis, MO)
in medium consisting of Click's EHAA (Irvine Scientific, Santa
Ana, CA) supplemented with 10% heat-inactivated fetal bovine
serum (FCS), 60 mM 2-mercaptoethanol (2-ME), 100 U/ml
penicillin, 100 pg/ml streptomycin and 10% (v/v) of rat spleen
cell supernatant containing T-cell growth factor (TCGF). The
TCGF-containing supernatant was prepared as follows: rat
spleen cells (5 x 106/ml) were cultured for 27 hr in RPMI-1640
medium containing 2-5 ug/ml concanavalin A (Con A; Sigma
Chemical Co.). Before use, 20 mg/ml x-methyl-D-mannoside
(Sigma) were added to the supernatant followed by filter
sterilization.

P388D1, a DBA/2 mouse monocyte-macrophage cell line
selected for high IL-I production (Mizel, 1981) was provided by
Dr Robert H. Wiltrout (National Cancer Institute, Frederick,
MD) and was maintained by a twice weekly passage in RPMI
supplemented with 10% FCS.

Alveolar macrophages (AM)
Murine AM were recovered from untreated animals (resident
AM) or from animals given an i.v. injection of heat-killed BCG
(activated AM) by bronchoalveolar lavage (Mbawuike, Luhr &
Herscowitz, 1986a). For collection of the latter, lyophilized

heat-killed Mycobacterium bovis, BCG strain was homogenized
in phosphate-buffered saline (PBS) at 1 mg/ml by ultrasonic
probe sonication (Heat Systems Ultrasonics Inc., Plainview,
NY) in an ice bath and 0 5 ml of the homogenate was injected
into the tail vein of7-10-week-old BALB/c mice. Bronchoalveo-
lar lavage was performed 6-8 days later with warm (370) Ca2+-
Mg2+- free PBS containing 17 mm lidocaine-HC1 (Xylocaine,
Astra Pharmaceutical Products Inc., Framingham, MA). Bron-
choalveolar cells (BAC) were immediately placed on ice, washed
three times and counted in a haemocytometer. The BAC
recovered from untreated or BCG-injected mice consisted of90-
95% macrophages, 4-8% lymphocytes and 1-2% polymorpho-
nuclear leucocytes, as determined by Wright's stain (Diff Quik,
Scientific Products Inc., McGaw Park IL) of cytocentrifuge
preparations (Mbawuike et al., 1986a).

Peritoneal macrophages
Resident macrophages were obtained from the peritoneal cavity
of untreated mice by saline lavage, as described previously
(McCarron et al., 1984).

Further purification of macrophage populations, when
necessary, was achieved by a one-step adherence on plastic
plates for 2-24 hr at 370 followed by removal of non-adherent
cells by washing. This procedure resulted in recovery of95-98%
viable macrophages.

Depletion ofmacrophagesfrom spleen cells
Macrophages were depleted from SRBC-primed spleen cell
populations by allowing them to ingest carbonyl iron followed
by removal of iron-containing cells by magnets, essentially as
described by Wong (1981).

Macrophage-mediated suppression of the in vitro PFC response
Spleen cells (1 x 107) obtained from BALB/c mice primed 4 days
earlier with sheep erythrocytes (SRBC; Waltz Farm, Smiths-
burg, MD) by i.p. injection of 0-2 ml 10% (v/v) SRBC in PBS
were cultured with 2 x 106 SRBC, with or without 1 x 106 AM, in
a total volume of 1 ml RPMI-FCS medium which consisted of
RPMI-1640 medium (Hazelton Research Products Inc.,
Denver, PA) supplemented with 10% fetal bovine serum
(Hyclone Laboratories, Logan, UT), 100 U/ml penicillin, 100
yg/ml streptomycin and 2 mM L-glutamine (Hazelton Research
Products Inc.). The cell mixture was incubated in 24-well tissue
culture plates (no. 3424, Costar, Cambridge, MA) at 370 in 5%
CO2 humidified air. The cultures were harvested after 3 days and
the number of cells secreting anti-SRBC antibodies determined
in a haemolytic plaque assay, as previously described (Pennline
et al., 1979).

Treatment of cell cultures
Recombinant murine IL-I (Lomedico et al., 1984), a generous
gift from Dr Peter T. Lomedico (Hoffman-La Roche Inc.,
Nutley, NJ), was added to the PFC cultures at various
concentrations for the entire period of culture. Recombinant
murine IFN-y (Gray & Goeddel, 1983) was donated by
Genentech Inc., S. San Francisco, CA and was added to cultures
at various concentrations or used to pretreat macrophages for
24-96 hr before their addition to PFC cultures. In vivo treatment
with IFN-y was achieved by i.v. injection of various concentra-
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tions of IFN-y along with 0 5 mg BCG in 0-5 ml PBS in the tail
vein of BALB/c mice. AM were harvested 5-9 days later by
bronchoalveolar lavage.

Induction of IL-I in macrophages
Preparation ofIL-I-containing supernatants was modified from
the method of Fujwara et al. (1986). Briefly, AM or the P388D1
cell line were cultured in 24-well tissue culture cluster plates (no.
3424, Costar) at 5 x 105 cells in 1 ml of Click's medium (Irvine
Scientific) supplemented with 1% heat-inactivated fetal bovine
serum, 100 U/ml penicillin, 2 mM L-glutamine and 5 x 10-5 M 2-
ME in the presence or absence of 10 yg/ml oflipopolysaccharide
(LPS; Escherichia coli, serotype no. 055: B5, Sigma Chemical
Co.). After 24-96 hr at 370 in 5% CO2 in air, the supernatants
were harvested and concentrated four-fold with Immersible-
CX-10 ultra-filters (Millipore Corp., Bedford, MA). The IL-1-
containing culture supernatants were filter-sterilized and stored
at -20° until used. The cellular protein content ofmacrophages
that were solubilized with 0-05% Triton X-100 was determined
by the Lowry procedure (Lowry et al., 1951).

Assay for IL-I activity in culture supernatants
Culture supernatants thought to contain IL-1 activity were
assayed by a modification of the method of Kurt-Jones et al.
(1985) as described by J. Kaye, Conrad and C. A. Janeway
(personal communication). Briefly, serial dilutions of IL-1-
containing supernatants were prepared in 200 Ml of Click's
EHAA medium (no TCGF) and added to flat-bottomed tissue
culture wells (no. 3596, Costar) in triplicate with 2 x 104
DlO.G4.1 T cells and 1 mg/ml of Con A. After 48 hr of
incubation at 370 each well received 0-5 pCi [methyl-3H]thymi-
dine ([3H]TdR; 50 Ci/mM, ICN Radiochemicals, Irvine, CA).
The plates were harvested 18-20 hr later and [3H]TdR incorpor-
ation was determined by liquid scintillation counting. Serial
dilutions ofpurified recombinant murine IL-I (rIL-1) starting at
1 U/ml were included as standard. Regression lines were plotted
for c.p.m. of [3H]TdR incorporation against the reciprocal of
dilutions of test samples or units of rIL-1 standard. The c.p.m.
of test samples at the y intercept were compared to the c.p.m. of
the rIL-1 standard-treated samples aty intercept. The activity in
test samples was transformed into units according to the
formula:

C.p.m. of test sample at y intercept = U/ml sample.

C.p.m. of rIL-l standard at y intercept

Florescence-activated cell sorter (FACS) for analysis of cell
surface Ia expression
Macrophages (1 x 106 cells/ml) were incubated in 5% normal
rabbit serum in PBS plus 0-02% NaN3 for 20 min at 0-4° to
block Fc receptors and reduce non-specific interactions. Mono-
clonal anti-I-Ad antibody (1/100 dilution ofMK-D6 hybridoma
cell culture supernatant) was added, incubated for 1 hr and the
cells were washed four times. A goat anti-mouse IgG-fluores-
cein-conjugated F(ab)2 fragment was added for 1 hr, and
washed four times. Labelled cells resuspended at 5 x 105 cells/ml
were analysed by flow microfluorometry using an Ortho
Diagnostic System Cytofluorograph (System 50-H).

Enzyme-linkedimmunosorbent assay (ELISA)for the analysis of
membrane Ia, IL-I and Mac-i expression
Macrophages (2 x 105) were allowed to adhere overnight in 96-
well tissue culture wells (no. 3596, Costar) at 370 in 5% CO2 in
humidified air. Non-adherent cells were aspirated and macro-
phage monolayers fixed with 0 5% glutaraldehyde (Sigma) in
PBS. After incubation with blocking buffer (1% BSA, 100 mM
glycine, 10 pg/ml human IgG, 0-02% sodium azide in PBS) at
370 for 30 min, 50 Ip of monoclonal anti-I-Ad (1/100 dilution of
MK-D6 hybridoma cell culture supernatant), anti-Mac-I (1/500
dilution of M1/70.15.1.1HL hybridoma supernatant, a gener-
ous gift of Dr Timothy A. Springer, Dana-Farber Cancer
Institute, Boston, MA) or 1/500 dilution of rabbit anti-human
IL-I serum (RS no. 06993, donated by Dr Richard Chizzonite,
Hoffmann-La Roche Inc.) were added to each well. After 30 min
ofincubation at 220, the plates were washed six times and rabbit
anti-rat IgM +IgG antibodies conjugated to biotin (Zymed
Laboratories Inc., South San Francisco, CA) were added to
appropriate wells and incubated at 22° for 30 min. Following six
washes, avidin alkaline phosphatase (Zymed) or goat anti-
rabbit IgG-alkaline phosphatase (Bio-Rad, Richmond, CA)
were added to appropriate wells and incubated at 220 for 30 min.
After washing six times, the plates were incubated at 370 for 30-
60 min, with 100 p1 of substrate containing 1 mg/ml of p-
nitrophenyl phosphate in 1 M dienthanolamine buffer, pH 10-4,
containing 6 mg/ml levamisole (to inactivate endogenous
alkaline phophatase). The quantity of reaction product was
measured at 405 nm by means of a Titertek Multiscan® MC
(Flow Laboratories Inc., McLean, VA). Denatured recombi-
nant human IL-1 and recombinant murine IL-1, which cross-
react with human IL-1, were always added as controls for
membrane IL-1 assays.

Data analysis
Pair-wise t-tests of differences between means of various groups
were performed using Tukey's studentized range test (HSD), as
described in the Statistical Analysis System Computer Software
(SAS Institute, Cary, NC).

RESULTS

Suppression and reconstitution of the PFC response of SRBC-
primed unseparated spleen cell and non-adherent spleen cell
populations by AM

Addition of resident AM, at a concentration of 10% with
respect to unseparated spleen cells obtained from animals
previously primed with sheep erythrocytes, caused greater than
99% suppression of the in vitro plaque-forming cell response
(Table 1). Similar results have been reported for activated AM
(Mbawuike et al., 1986a). The PFC response could be reduced
to background levels when macrophages were depleted from
spleen cell populations by treatment with carbonyl iron, an
indication ofthe requirement for macrophages in the generation
ofthis response. Reconstitution ofthe PFC response by the non-
adherent population could not be achieved by addition of up to
1 x 106 (10%) AM, an indication that AM were not only
suppressive, but also inefficient in providing accessory function
for the generation of the in vitro PFC response. Addition of
1 x 106 resident peritoneal macrophages, however, resulted in
full reconstitution of this response (data not shown).
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Table 1. Suppression and reconstitution of the PFC
response of SRBC-primed unseparated and macro-

phage-depleted splenocytes by resident AM

Culture conditions* PFC/106 cellst Control response

S 204+79
SR 2630+300
SRAM 244+27 9 3t
SN 26+4 1 Ot
SNR 177+ 38 6-7t
SNRAM 225+27 8 51

*Immunized spleen cells (1 x 107) were cultured
alone (S), co-cultured with 2 x 106 SRBC (SR) or with
SRBC plus 1 x 106 resident AM (SRAM). SN represents
macrophage-depleted spleen cell populations (carbonyl
iron plus magnet).

tThe PFC response was determined after 3 days and
is expressed as PFC/106 cells+ SEM of six determina-
tions.

tValues were significantly different from control
(SR) cultures (P<000001).
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Figure 1. The effect of rIL-l on the AM-mediated suppression of the
PFC response. Conditions were essentially similar to Table 1. IL- I was

added at the beginning of culture. Values represent the mean + SEM of
the PFC/106 cells in three different experiments. Cultures containing
10% AM were suppressed by greater than 90% (P< 0001).

Effect of rIL-1 on AM-mediated suppression of the PFC response

Since IL-1 has been shown to be required for the initiation and
maintenance of T-cell-dependent immune responses (Mizel,
1982), exogenous rIL-l was added to PFC cultures normally
suppressed by the presence of AM. As can be seen in Fig. 1,
while addition of 10 and 100 U/ml of rIL-l significantly
stimulated (P=0 001) the control (SR) responses, similar
concentrations of rIL- I could not reverse inhibition of the PFC
response in cultures also containing 10% of either resident or

activated AM. These results suggest that AM-mediated sup-
pression and possibly inefficient antigen presentation could not
be associated with inadequate amounts of IL-1.

Production of IL-1 in resident and activated macrophages
stimulated by LPS: kinetics of response

The inability of exogenous IL-1 to reverse AM-mediated
suppression, as shown in Fig. 1, did not demonstrate whether

Table 2. Induction of IL-I in resident and activated
macrophages by LPS: kinetics of production

IL- I (U/mg cell protein)t

Cells* LPS 48 hr 72 hr 96 hr

Resident AM - 1-67 2 59 NT
Resident AM + 3-81 4 92 NT
Activated AM - 0-92 0-92 2-02
Activated AM + 9 85 8-46 16-16
P388D1 - 0-67 1 28 1-26
P388D1 + 4-11 5 06 3.93

* Activated AM, induced by i.v. injection ofBCG and
collected by lavage after 5 days, and resident AM were
cultured with or without 10 pg/ml LPS for 48, 72 and 96
hr and the cell-free culture supernatant was recovered.

tDlO.G4.1 T cells (2 x I04 cells/well) were cultured
with macrophage culture supernatants in the presence of
1 pg/ml Con A for 48 hr. [3H]TdR incorporation was
assessed during the last 20-24 hr of incubation. IL-I
activity is expressed as units/mg ofprotein as described in
the text.

NT, not tested.

Table 3. Effect of cell concentration on suppression of the PFC
response by activatedAM and production of IL- I in PFC cultures

Culture conditions* PFC/106 % suppression IL-1 U/mlt

S 480+65 0-24
SR 3880+118 051
SRAM (10% AM) 27+11 99t 0-84
SRAM (5% AM) 307+29 99t NT
SRAM (2.5% AM) 1026+39 841 0 74
SRAM (1-25 AM) 1893+ 154 58T NT
SRAM (0-6% AM) 3533 +256 10 0 65
AM 0 22
S+AM 0-29
SRBC+AM 0-22
AM+ LPS (IOpg/ml) - 1 14

* Conditions as described in Table 1.
t Cell-free culture supernatants were assayed for IL-1 activity

on DlO.G4.1 cells as described in the Materials and Methods. IL-l
activity is expressed as U/ml, as determined by the formula given
in the text.

tValues were significantly different (P< 00001, n = 3) from
control response.

NT, not tested.

AM were capable of producing IL- I upon immune stimulation.
The results presented in Table 2 show that treatment of resident
AM or BCG-activated AM with 10 pg/ml ofLPS resulted in the
production of significant levels of IL-1, expressed as U/mg of
cell protein. As can be seen, the amount of IL-l produced by
either or BCG-activated AM was comparable to and, at times,
greater than that produced by the macrophage-like cell line
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Table 4. Expression ofmembrane-bound
IL-I on AM

Antigen Absorbance*

Resident AM 0-22+0 01
Activated AM 0-38 0-01
Human IL-I control 0-55+0J04
Murine IL-I control 1-27 +0-08

* Values are mean± SEM of absor-
bance at 405 nm of triplicate samples in
two separate determinations.

Table 5. Frequency of Ia+ and Mac-I+ ex-
pression in resident and BCG-activated AM
populations, as measured by flow cytometry

% of cells expressing

Cells I-Ad Mac-i

Resident AM 3 9 62-3
Activated AM 34 5 56-4

Resident and BCG-activated (6 days) AM
were incubated with monoclonal anti-I-Ad (MK-
D6 hybridoma) or anti-Mac-I (Ml/70.15. l.IHL
hybridoma) antibodies for I hr and washed.
Goat anti-rat IgG-FITC-conjugated F(ab')2
fragments were added at 0-4° for I hr. washed
three times and the frequency ofIa+ and Mac- I +
cells analysed by FACS.

Table 6. Effect of pretreatment ofAM with IFN-y on AM-
mediated suppression of the PFC response

Culture IFN-y
conditions* concentration PFC/106 cells % suppression

S 105+38
SR 3570+261
SRAM 100+34 97t
SRAM I x 102 U/ml 7+7 99t
SRAM 5 x 102 U/ml 53 +7 981
SRAM I x 103 U/ml 47+7 98t
SRAM 2x 103 U/ml 47+7 98t

Conditions as described in Table 1. AM were pre-
treated with indicated concentrations of recombinant mur-
ine IFN-y for 24 hr before addition ofPFC cultures.

tValues were significantly different (P< 0-0001; n 3-12)
from control (SR) cultures.

P388DI which was included for reference purposes. IL-I was
detectable in culture supernatants by 48 hr and reached
maximum levels after 72-96 hr of incubation. These results
indicate that AM were not defective in their ability to
produce IL-1.
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Figure 2. The effect of IFN-y treatment on AM-mediated suppression
of the PFC response. Conditions were as described in Table 1. IFN-y
(1 x 103U/ml) was added at the initiation of culture. IFN-y stimulated
the SR cultures by 47% (P< 0-001) while 10% AM suppressed responses
by 99% (P<0 001) in three to four different experiments.

Table 7. Effect of in vivo administration of IFN-y on AM-
mediated suppression of the PFC response

Culture IFN-y
conditions* concentration PFC/106 cells % suppression

S 81+17
SR 2246+58
SRAM 34+13 99t
SRAM 5 x 102 U/ml 28+17 99t
SRAM I x 103 U/ml 6+6 99t

*Conditions similar to Table 1. IFN-y was injected i.v.
and AM collected after 5-9 days.

IValues were significantly different (P< 0-0001, n = 3)
from control (SR) cultures.

Production of IL-1 in AM-suppressed PFC cultures

Experiments were carried out to determine if IL-1 production
was inhibited in PFC cultures that were also suppressed by AM.
As shown in Table 3, addition of varying concentrations of
activated AM resulted in a dose-dependent suppression of the
PFC response. It should be noted, however, that the AM-
suppressed cultures were still able to produce significant levels of
IL-I as measured by [3H]TdR incorporation in DlO.G4.1 cells.
It is interesting to note that when cultured alone, together with
spleen cells or together with SRBC,AM produced only minimal
levels of IL-1; however, they produced significant levels of IL-l
when co-cultured with both SRBC and spleen cells or when
stimulated by 10 yg/ml LPS. These results further support the
notion that the suppressive activity ofAM can not be attributed
to their inability to synthesize and secrete IL-1.

The recent description of membrane-bound IL-1 (mIL-l)
that was involved in the activation ofT cells by antigen-pulsed,
glutaraldehyde-fixed peritoneal exudate macrophages (Kurt-
Jones et al., 1985) prompted us to study the expression ofmIL-I
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on AM. Using rabbit anti-human IL-I which cross-reacts with
murine IL-I (Dr Richard Chizzonite, personal communication;
March et al., 1985) and glutaraldehyde-fixed macrophages, it
was observed that resident AM expressed low levels of mIL-i,
while activated AM expressed almost twice as much mIL-l as
that which could be detected on resident AM (Table 4).

I-Ad expression as determined by flow cytometry

In addition to the productin of IL-i, presentation of antigen by
macrophages also requires membrane expression of I-region
determinants (Kurt-Jones et al., 1985). In order to determine if
the defect in antigen-presenting function or the suppressive
effect ofAM was related to a lack of Ta antigen expression, low
frequency in the number of la+ AM or the inability of AM to
express Ta upon immune stimulation, the number of Ia-bearing
AM in resident and activated AM populations was determined
by flow cytometry. Table 5 shows the percentage of Ia+ AM
labelled with monoclonal anti-I-Ad antibody. As can be seen,
4% of the resident AM were Ta positive; however, after in vivo
activation by i.v. injection of BCG, 35% of the AM now
expressed the Ta antigen. These results were confirmed in an
ELISA measuring Ta antigen expression (data not shown).
Expression of Mac-I was determined in the assays as a control.
Resident and activated AM were 62% and 56% Mac-I +,
respectively.

Effect of IFN-y on AM-mediated suppression

Since it has been shown that IFN-y enhances class IT (Ta) antigen
expression and accessory cell function (Becker, 1985), as well as
inhibits the production of non-specific suppressor metabolites
and prostaglandins (Boraschi et al., 1984), murine recombinant
IFN-y was used in three types of studies to assess its effect on
AM-mediated suppression. In the first study, activated AM
were preincubated with various concentrations of IFN-y for 24-
96 hr before their addition to PFC cultures. Data for the 24-hr
incubation period are presented in Table 6 (similar results were
obtained for 48,72 and 96 hr) and show that IFN-y had no effect
on AM-mediated suppression. In the second study, addition of
1 x 103 U/ml of IFN-y to the cultures for the entire incubation
period of the PFC assay significantly stimulated the control
(SR) response, but had no effect on AM-mediated suppression
(Fig. 2). Finally, i.v. injection of IFN-y, at doses which have
been shown previously to enhance both expression of class TT
molecules and antigen presentation by macrophages (Naka-
mura et al., 1984), had no signficant effect on AM-mediated
suppression (Table 7). Similar experiments in which mice were
injected with as much as 1 x I10 U of IFN-y were also without
effect (data not shown).

DISCUSSION
The results of this study demonstrate that murine alveolar
macrophages can produce IL-I when stimulated with endotoxin
or when co-cultured with SRBC and antigen-specific lympho-
cytes. They also demonstrate that resident AM express rela-
tively low levels of membrane-bound IL-I and Ta antigen that
can be enhanced by in vivo activation with BCG. In spite of
possessing these properties which are required for antigen-
specific activation of T cells (Mizel, 1982), AM are not only
ineffective in presenting antigens to macrophage-depleted

spleen cell populations for initiation ofan in vitro PFC response,
but they are also suppressive of this response when added to
unfractionated spleen cell cultures. These results suggest the
possibility of a causal relationship between the defective
antigen-presenting function of AM and their immunosuppres-
sive capabilities.

The objective of the present study was to determine if the
immunosuppressive activities of alveolar macrophages could be
related to their defective antigen-presenting function. Since
increased IL-I production has been associated with enhanced
AM-mediated immune reactivity in sarcoidosis (Eden& Turino,
1986) as well as in experimental pulmonary granuloma in mice
(Kobayashi et al., 1985,), we suspected that resident murine AM
might be defective in IL-1 production. However, it was observed
that addition of exogenous recombinant murine IL-I did not
affect AM-mediated suppression, while at the same time it
stimulated PFC responses of control (SR) cultures (Fig. 1). In
addition, LPS induced the production of significant levels of
IL-1 both in resident and activated AM (Table 2) and significant
quantities of IL-1 were detected in AM-suppressed PFC culture
supernatants (Table 3). These results show that AM were not
defective in IL-1 production and suggest that suppression was
not due to lack of IL-1 in PFC culture medium since higher
levels of IL-1 were detected in AM-suppressed cultures com-
pared to control (SR) cultures. Expression of mIL-i was also
not defective in AM (Table 4). It has been suggested that
membrane-bound IL- 1 is as essential for T-cell activation as is Ta
expression in the presentation of foreign proteins and alloanti-
gens by macrophages (Kurt-Jones et al., 1985).

The frequency of Ta+ cells, as determined by flow cytometry,
was relatively low in the resident AM population, whereas this
could be increased after in vivo activation with BCG. However,
these Ta+ AM were still significantly suppressive of the PFC
response, leading to the conclusion that neither the level nor the
frequency of Ta+ macrophages play an important role in AM-
mediated immunosuppresison.

Treatment of macrophages with IFN-y, which has pre-
viously been shown to stimulate IL-1 production (Newton,
1985), I-A antigen expression (Nakamura et al., 1984) and have
an overall augmenting effect on antigen presentation (Becker,
1985), as well as resulting in decreased suppressive activity of
macrophages (Boraschi et al., 1984), was without effect on AM-
mediated suppression. This was the case whether macrophages
were pretreated with IFN-y, if IFN-y was added for the entire
period of culture or if IFN-y was administered in vivo. These
results further support the conclusion that neither IL-1 nor Ta
antigen expression play a significant role in AM-mediated
suppresison.

Recently, however, we have observed that AM-mediated
supression could be attributed to membrane-associated ganglio-
sides, since treatment of AM with anti-ganglioside antibodies
reversed their immunosuppressive effect on the PFC response
(I. N. Mbawuike and H. B. Herscowitz, manuscript submitted
for publication). These results are in agreement with our earlier
report which implicated membrane sialoglyco-conjugates in
AM-mediated suppression (Mbawuike, Luhr & Herscowitz,
1986b). Since AM exist in the lung microenvironment in a
relatively activated state, physiological changes such as
increased expression of membrane gangliosides may contribute
to the alteration of their potential immunological functions.

The present results indicate that AM are not defective in
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IL-1 production, mIL-1 expression or cell surface Ia antigen
expression and, therefore, argue against a relationship between
the lack of these accessory function molecules and AM-
mediated suppression of the immune response.
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