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T-cell activation is dependent on nominal antigen associated with major histocompatibility complex (MHC)
class II molecules and interleukin-l (IL-1), both provided by antigen-presenting cells. We have studied the
effects of Brucella abortus and recombinant bovine gamma interferon (IFN-y) on bovine macrophage
expression of MHC class HI and IL-1 molecules and subsequent T-cell proliferation in response to B. abortus.
When peripheral blood mononuclear cells were cocultured with B. abortus and IFN-y, increasing amounts of
IFN-y, from l to 100 U/ml, down regulated T-cell proliferation. Expression of MHC class II molecules on

macrophages was incr'eased independently by IFN-y or B. abortus treatment. Thus, class II molecule
expression was not the cause of down regulation of T-cell proliferation as observed in other systems. However,
B. abortus-IFN-y-treated 'macrophages obtained from overnight cultures had minimal membrane IL-1
compared with macrophages treated 'with B. abortus alone. Loss of membrane IL-1 required IFN--y and the
o-polysaccharide of the lipopolysaccharide. IFN-,y at 1 U/ml in combination with B. abortus produced a 32%
decrease in T-cell response, while IFN-y at 100 U/ml added to B. abortus-treated cultures produced an 82%
reduction in T-cell response. Membrane IL-1 levels were not altered when recombinant bovine IFN-a or the
rough strain 45/20 of B. abortus, which lacks the o-polysaccharide, was used. Secreted IL-1 levels were

unaffected by IFN-y and B. abortus treatment. The addition of recombinant bovine IL-1 (0.001 to 0.1 ng/ml)
to B. abortus- and IFN--y-treated cultures failed to provide a signal necessary for T-cell proliferation. These
data suggest that membrane IL-1 has a key role in T-cell activation in response to B. abortus. When the
o-polysaccharide of B. abortus lipopolysaccharide is combined with IFN--y at an inappropriate time during an

immune response, T-cell proliferation is prevented and cannot be restored by the addition of exogenous IL-1.

T-cell proliferation requires both nominal antigen associ-
ated with major histocompatibility complex (MHC) class II

molecules and de novo synthesis of interleukin-1 (IL-1) by
stimulated macrophages (42). The mechanisms that induce
MHC class II and IL-1 molecules are not fully understood. A
number of extrinsic as well as intrinsic factors that induce or
augment the expression ofMHC class II (40, 41) or IL-1 (10,
23, 38) molecules have been identified. Facultative intracel-
lular bacteria contribute to interferon (IFN) production by
lymphocytes (2). IFN--y is known to augment MHC class II

molecule expression on macrophages (37). Lipopolysaccha-
ride (LPS) (21) or a lymphokine produced by T cells (38) can

induce synthesis of IL-1 by macrophages. This lymphokine
is distinct from IFN--y, tumor necrosis factor, and colony
stimulating factor 1 and may be one mechanism by which T
cells signal macrophages to induce IL-1 (38). Two distinct
but structurally related forms of IL-1 (termed IL-la and
IL-1i) have been identified (for a review, see reference 29);
both forms appear to be associated with T-cell activation and
can be present in secreted or membrane-bound states (15,
27). Both secreted and membrane-associated IL-1 are bio-
logically active and participate in T-lymphocyte activation
(18).
Any process that alters macrophage expression of MHC

class II molecules or IL-1 may significantly influence im-
mune responses. LPS can suppress expression of class II

molecules on macrophage surfaces (13), and it has been
reported that LPS inhibits both IFN--y induction and main-
tenance of class II molecule expression on macrophages
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(36). In the absence of IFN--y, LPS had no significant effect
on macrophage class II molecule expression. Furthermore,
LPS or IL-1 activation of macrophages produces high levels
of prostaglandins which can modulate macrophage functions
(5, 6).
Bovine macrophages serve as important host cells for the

facultative intracellular bacterium Brucella abortus. Host
resistance to disease caused by facultative intracellular
bacteria depends on appropriate interaction between specif-
ically sensitized T cells and macrophages. Because macro-

phages are host cells for B. abortus, they might also be
central in initiating both positive and negative regulation of
immune responses in infected cattle. We have shown previ-
ously that bovine macrophages can present B. abortus in the
context of MHC class II molecules to T cells (34). To
examine the nature of the T-cell response to macrophage-
associated B. abortus, we have studied MHC class II and
IL-1 molecule expression by macrophages following treat-
ment with the bacterium alone or in combination with
IFN--y.

MATERIALS AND METHODS

Animals. Guernsey, Brown Swiss, and Holstein cattle
(ages 6 months to 8 years) were maintained at a University of
Wisconsin-Madison farm and vaccinated 2 to 4 times with
the viable attenuated smooth B. abortus 19 vaccine (Jensen-
Salsbury Laboratory, Kansas City, Mo.). All animals were

serologically negative for antibodies to B. abortus at the time
of these studies.

T-lymphocyte enrichment. Peripheral blood mononuclear
(PBM) cells were isolated by Ficoll-Hypaque as previously
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described (34) 6 months to 4 years following vaccination.
Nonadherent cells were obtained from 60 x 106 PBM cells
cultured overnight in 75-cm2 flasks containing RPMI 1640
medium supplemented with 100 U of penicillin and 100 ,ug of
streptomycin per ml, 2 mM L-glutamine, 25 mM N-2-hy-
droxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), 5
x 10-5 M 2-mercaptoethanol, and 10% fetal bovine serum.
Nonadherent cells were washed, and contaminating macro-
phages were removed by passage through a Sephadex G-10
column (11). Further purification was accomplished by treat-
ing the nonadherent cells with the anti-class II molecule
monoclonal antibody (MAb) H4 (One Lambda, Los Angeles,
Calif.) (19) and anti-bovine light chain MAb DAS 9 (the gift,
as was ascites fluid, from D. Goldsby) (35) followed by
complement. MAb H4 was dialyzed to remove NaN3 and
then was used at a 1:10 dilution. DAS 9 ascites fluid was used
undiluted.
APC. PBM cells were added to microdilution plates at 2 x

106 cells per well. Acetone-killed B. abortus smooth strain
1119 or rough strain 45/20 (gifts of D. T. Berman) (24, 26)
were added at the optimal concentration for T-cell prolifer-
ation of 500 ,ug [dry weight] per ml (34). Recombinant bovine
IFN-y or IFN-cL (Genentech, Inc., South San Francisco,
Calif.) was added simultaneously with the bacteria to se-
lected cultures at the concentrations indicated below. After
overnight culture, nonadherent cells were removed, and
adherent cells were washed three times with phosphate-
buffered saline (PBS), irradiated (2,500 rad), and used as
antigen-presenting cells (APC). By flow cytometry (EPICS;
Coulter Electronics, Inc., Hialeah, Fla.), more than 80% of
the adherent cells were present in a monocyte gate, and
more than 80% of the adherent cells stained for esterase.
These adherent cells were termed macrophages and were
used as APC. Certain macrophage cultures were maintained
for 7 days prior to use. Alternatively, macrophages were
obtained by culturing PBM cells overnight on glass, and after
removal of nonadherent cells by treatment with EDTA, the
cells were counted and added at selected concentrations to
microdilution wells.
APC fixation. After stimulation of APC by overnight

exposure to antigen or medium, they were washed and fixed
with 0.5 or 1% (wt/vol) paraformaldehyde for 15 min at room
temperature. Following fixation, the cells were washed three
times with PBS, and fresh medium was added. The fixed
cells were incubated for 24 h at 370C to remove residual
paraformaldehyde (16) and were washed prior to use in
either proliferative or membrane IL-1 determinations (17).

T-cell proliferation. The ability of APC to stimulate 4 x 105
autologous enriched T cells was assessed in a 6-day prolif-
erative assay with [3H]thymidine (6.7 Ci/mmol; Dupont,
NEN Research Products, Boston, Mass.) added during the
final 16 h of incubation. In selected experiments, recombi-
nant bovine IL-13 (Immunex, Seattle, Wash.) was added at
0.1, 0.01, or 0.001 ng/ml to cultures containing enriched
bovine T cells or D10.G4.1 murine cells.

IL-1 assay. The IL-1-sensitive murine T-cell clone
D10.G4.1 (ATCC TIB 224) was maintained as described
elsewhere (12) by using C3H/HeJ (H-2k) spleen cells and 25
U of recombinant human IL-2 (Biogen, Boston, Mass.) per
ml. To measure secreted IL-1, supernatants from unstimu-
lated and stimulated APC were collected. Dilutions of these
supernatant fluids were added to triplicate microdilution
wells in 100-,l1 portions, followed by 100 ,ul of 2 x 104
D10.G4.1 cells and 2.5 ,ug of concanavalin A (Sigma Chem-
ical Co., St. Louis, Mo.) per ml. Supernatant from Esche-
richia coli LPS-stimulated murine spleen cell cultures served

as a positive IL-1 control. Also, D10.G4.1 cells were added
directly to irradiated or paraformaldehyde-fixed APC as a
method of determining total IL-1 versus membrane-bound
IL-1, respectively. [3H]thymidine was added during the final
8 h of the 72-h incubation. Following culture, the cells were
harvested and isotope incorporation was determined in a
scintillation counter.
MHC class II molecule expression assays. PBM cells were

treated with recombinant bovine IFN--y, B. abortus, or
IFN--y and B. abortus overnight in glass petri dishes. Fol-
lowing removal of nonadherent cells, an enzyme-linked
immunosorbent assay (ELISA) was used to detect MHC
class II molecule expression on adherent cells. Round-
bottom microdilution plates were coated with 3% gelatin for
2 h at 37°C and washed three times prior to use. Glass-
adherent cells (2 x 106) detached by 0.35% EDTA with 0.6%
glucose in PBS were incubated in the microdilution plates for
1 h with 10% heat-inactivated normal rabbit serum to block
Fc receptors. After incubation, the cells were pelleted and
suspended in PBS containing 1% bovine serum albumin.
MAb H4 was diluted 1:300 in PBS containing 1% bovine
serum albumin and added in 100-pA portions to wells. Plates
were incubated for 1 h on ice and washed three times with
PBS, and cells were assayed for class II molecules by
ELISA as previously described (33). MAb 262404, specific
for a bovine herpesvirus 1 glycoprotein, was used as an
isotypic control (22).

Alternatively, class II molecule expression was detected
by flow cytometry by using MAb H4. Glass-adherent cells (2
x 106), obtained as described above, were incubated on ice
for 1 h with a 1:300 dilution of MAb H4 and then washed
with PBS. Fluorescein-conjugated rabbit anti-mouse immu-
noglobulin G (heavy and light chains) (Jackson Immunore-
search Laboratories, Inc., Avondale, Pa.) was added to cell
suspensions, and they were incubated for an additional hour.
After three washes, the cells were examined by flow cytom-
etry. The rabbit anti-mouse IgG was used at an optimal
saturating concentration (data not shown).

RESULTS

Activation of MHC class II molecules by IFN-y and B.
abortus. On the basis of the ELISA, recombinant bovine
IFN--y increased class II molecule expression on macro-
phages. As little as 1 U of IFN--y per ml produced a fivefold
increase in class II molecules detected (Fig. 1). Similarly, a
fourfold increase in class II molecule expression on macro-
phages was observed when PBM cells were treated with B.
abortus (Fig. 1). Simultaneous addition of IFN-y and B.
abortus to PBM cells did not increase class II molecule
expression on macrophages higher than either treatment
alone, suggesting that B. abortus and IFN--y at the levels
tested do not have an additive effect. Therefore, class II
molecule expression can be increased independently by the
addition of recombinant bovine IFN-y or B. abortus to the
cultures.

Detection of bovine IL-1 by using the murine D10.G4.1 cell
line. Since IL-1 is not produced constitutively and extracel-
lular stimuli induce its synthesis (14), is was possible that B.
abortus could induce production of both membrane and
secreted forms of IL-1. An increasing concentration of B.
abortus cultured with bovine macrophages for 24 h induced
membrane IL-1 synthesis in a dose-dependent manner (Fig.
2). To examine the effect of adherent cell numbers, selected
numbers of APC were cultured in microdilution wells with
500 ,ug of B. abortus per ml to allow production of both
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FIG. 1. Detection by ELISA of MHC class II molecule expres-

sion. PBM cells were treated overnight with recombinant bovine
IFN--y (U), B. abortus (500 ,ug/ml, 0), or recombinant bovine IFN--y
and B. abortus (U). Nonadherent cells were removed, and a MAb to
class II molecules (H4) was added to adherent cells. The ELISA was

performed as described in Materials and Methods and is repre-

sentative of data obtained from seven animals. Isotype control
values were subtracted from treatment values. Error bars represent
standard deviations. Data are representative of four experiments.

membrane and secreted IL-1. In parallel experiments, cells
were fixed with 1% paraformaldehyde to evaluate membrane
IL-1 induction in the absence of secreted IL-1. The detection
limit of our system required 10i or more APC for measure-
ment of total or membrane IL-1 with the murine cell line
GlO.D4.1 (Fig. 3). B. abortus stimulated the production of
total IL-1 from irradiated macrophages (Fig. 3A) and mem-

brane IL-1 from paraformaldehyde-treated macrophages
(Fig. 3B). Less IL-1 was detected from the paraformalde-
hyde-treated macrophages than from the nonfixed cells at
concentrations of 103 cells per well.

In contrast, adherent cells present in the PBM cell popu-

lation cultured with B. abortus and IFN--y showed a decrease
in membrane IL-1 expression (Fig. 4). Cultures treated
overnight with B. abortus alone produced increased amounts
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FIG. 2. Proliferation of D1O.G4.1 cells to paraformaldehyde-

fixed bovine macrophages treated with B. abortus. Adherent bovine
cells were treated for 24 h with the indicated concentrations of
bacteria, washed, and fixed with 0.05% paraformaldehyde.
D1O.G4.1 and 2.5 ,ug of concanavalin A per ml were added to the
fixed cells, and proliferation of D1O.G4.1 was measured after 24 h.

of total IL-1 in comparison with control cultures. This is
similar to the findings shown in Fig. 3, which illustrates that
macrophages treated with B. abortus alone produced both
secreted and membrane IL-1. Cultures treated with B.
abortus and IFN-y produced secreted IL-1, but the levels of
membrane IL-1 were reduced more than fivefold compared
with total IL-1 levels or membrane IL-1 levels in cultures
treated with B. abortus only (Fig. 4).

T-cell proliferation in response to B. abortus- or B. abortus-
IFN-y-treated macrophages. Because B. abortus induced
both MHC class II molecule expression and IL-1 synthesis,
it was important to correlate these observations with the
ability of autologous T-cells to proliferate in response to
macrophage-associated B. abortus. Macrophages within a
PBM cell population were treated with B. abortus, recom-
binant IFN--y, or both. The ability of the treated macro-
phages expressing either total IL-1 (irradiated macrophages)
or membrane IL-1 (paraformaldehyde-fixed macrophages) to
induce proliferation of antigen-specific T cells was deter-
mined. Macrophages treated with B. abortus induced T-cell
proliferation (Fig. 5). Likewise, macrophages treated with B.
abortus and fixed with paraformaldehyde were still capable
of inducing T-cell proliferation. However, cultures treated
with B. abortus and IFN--y had a 62% reduction in PBM
proliferation compared with cultures treated only with B.
abortus. Similarly, cultures treated with B. abortus and
IFN-y and then by paraformaldehyde fixation of the macro-
phages had a 57% reduction in proliferation of PBM cells.
MHC class II molecule expression on macrophages treated
in parallel culture and analyzed by flow cytometry with MAb
H4 had 63 and 76% staining cells for irradiated and fixed
macrophages, respectively (data not shown). When IFN-y
was added to macrophages concurrently with B. abortus, no
marked reduction in class II expression was observed on
unfixed (69% staining cells) or paraformaldehyde-fixed (52%
staining cells) macrophages (data not shown). Down regula-
tion of T-cell proliferation appeared dependent on the initial
PBM cell population and macrophage state because down
regulation was not observed when overnight-cultured mac-
rophages only or 7-day-old macrophages were treated with
B. abortus and IFN--y (data not shown).

Determination of T-cell suppression due to IFN-y concen-
tration and the strain of B. abortus. To determine if down
regulation of T-cell proliferation by IFN--y and B. abortus
was associated with the LPS portion of the bacteria, as has
been suggested for E. coli (36), B. abortus smooth strain
1119, which possesses the outer o-polysaccharide of LPS,
was compared with rough strain 45/20, which lacks the outer
o-polysaccharide (24, 26). Increasing concentrations of
recombinant bovine IFN--y were added to PBM cell cultures
containing B. abortus 1119. Following overnight incubation,
nonadherent cells were removed, and enriched T cells were
added. Table 1 shows a concordant decrease of proliferation
as IFN concentrations increased. IFN--y at 1 U/ml caused a
32% inhibition, and IFN--y at 100 U/ml caused an 82%
inhibition of T-cell proliferation. In contrast, no marked
inhibition of proliferation was observed with similar concen-
trations of strain 45/20 and IFN-y. Also, cotreatment with
recombinant bovine IFN-a, ranging from 1 to 100 U/ml, and
B. abortus 1119 failed to inhibit T-cell proliferation (data not
shown).

Effect of adding IL-1 to cultures treated with B. abortus and
IFN--y. Because membrane but not total IL-1 levels were
reduced (Fig. 4) and a reduction of T-cell proliferation was
observed with both unfixed and paraformaldehyde-fixed
macrophages (Fig. 5), the possibility that the bovine IL-1
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FIG. 3. Proliferation of D10.G4.1 cells to measure membrane and secreted IL-1. Glass-enriched macrophages of three animals were

cultured with B. abortus plus 710 (EL), 766 (*), or 549 (D), or medium only, i.e., 710 (O), 766 (D), or 549 (LI), overnight. Macrophages were
irradiated as a source of total (secreted and membrane) IL-1 (A) or paraformaldehyde fixed as a source of membrane IL-1 (B). D1O.G4.1 cells
were added to macrophages as described in Materials and Methods. Standard deviations were less than 5%.

produced was not biologically active on bovine cells was
considered. To determine if exogenous IL-1 could prevent
suppression, recombinant bovine IL-ip was added to B.
abortus-IFN-y-treated cultures at the time of T-cell addi-
tion. The addition of IL-1 at selected doses failed to alter the
suppressed T-cell state (Fig. 6).

DISCUSSION

The present data demonstrate that when IFN-y and B.
abortus were cocultured with PBM cells, there was a con-
comitant decrease in macrophage membrane IL-1 expres-
sion and T-cell proliferation. No alteration in total IL-1 was
observed. MHC class II molecules on the APC were not
responsible for decreased T-cell proliferation, because both
recombinant bovine IFN-y and B. abortus independently
and in combination increased class II expression on macro-
phages. T cells from immunized animals could proliferate
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wheh B. abortus was presented by macrophages without the
addition of recombinant IFN-y. Both total and membrane
IL-1 were present when macrophages were treated with B.
abortus.
Demonstration of the decrease in membrane IL-1 and

T-cell proliferation was dependent on the simultaneous
addition of IFN--y and B. abortus to whole PBM cells prior to
removing nonadherent cells. A second factor, apparently
necessary for the decrease in T-cell proliferation, was the
presence of the o-polysaccharide of B. abortus. Smooth B.
abortus 1119 possesses the outer o-polysaccharide of the
LPS and when combined with recombinant IFN--y produced
a down regulation of the T-cell response. Rough strain 45/20
does not possess the outer o-polysaccharide (24, 26) and
when combined with IFN-y did not alter T-cell proliferation.
The data are compatible with the hypothesis that IFN-y and
the outer o-polysaccharide of B. abortus can down regulate
T-cell proliferation, perhaps by decreasing the expression of

0

a

S.

C)

I-

B. abortus B. abortus + IFN gamma

120000 -

100000 -

80000 -

60000 -

40000-

20000-

0-

Total IL I
Membrane IL 1

B. abortus B. abortus + IFN gamma

Treatment

FIG. 4. Proliferation of D1O.G4.1 cells to measure membrane
versus secreted IL-1 expression following macrophage treatment.
Adherent cells present in 2 x 106 PBM cells were treated overnight
with B. abortus or B. abortus and IFN--y. Following overnight
treatments, supernatants were removed as the source of secreted
IL-1 and the adherent cells were fixed with 1% paraformaldehyde as
the source of membrane IL-1. D10.G4.1 cells were cultured with
supernatants (-) or fixed cells (U) to assay for IL-1. Data are

representative of eight experiments.
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FIG. 5. Proliferation of T cells added to unfixed (D) or paraform-
aldehyde-fixed (X) macrophages previously treated with B. abortus
or IFN--y and B. abortus. PBM cells were cultured overnight with
IFN--y, B. abortus, B. abortus and IFN--y, or medium alone, and
then nonadherent cells were removed. Enriched T cells were added,
and proliferation to the antigen-pulsed macrophages was determined
after a 6-day culture. Response of cultures treated with medium or
IFN--y alone was less than 10,000 cpm. Data are representative of
eight experiments.
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TABLE 1. T-cell proliferationa to B. abortius in the presence of IFN-y

IFN--y concn Proliferation Smooth strain lll9b Rough strain 45/20'

(U/mi) in medium only Proliferation % Inhibitiond Proliferation % Inhibition

0 15,550 ± 3,407 110,543 ± 2,529 ND 81,641 ± 3,380 ND
1 13,348 ± 5,255 75,917 + 1,970 31.8 70,788 ± 1,304 8.5

10 13,477 + 180 37,184 ± 5,871 74.1 72,909 ± 2,023 5.4
100 12,909 ± 1,063 29,289 ± 7,729 82.1 63,992 ± 1,366 18.6

a Mean counts per minute ± standard deviation of triplicate values from one animal.
b Strain 1119 possesses the outer o-polysaccharide.
c Strain 45/20 lacks the outer o-polysaccharide. ND, Not done.
d % Inhibition = [1 - (counts per minute with IFN treatment/counts per minute without IFN treatment)] x 100.

membrane IL-1 on the macrophage. This down-regulating
effect appeared dependent on the initial PBM cell population
and macrophage state because down regulation was not
observed when overnight macrophages only or 7-day-old
macrophages were used. We have not yet determined the
initiator of this effect, but others have been able to demon-
strate that T cells can produce a lymphokine that initiates
IL-1 synthesis (38, 39). Therefore, it is possible that appro-
priate stimuli or the lack thereof might induce T cells to
effect a down regulation of macrophage membrane IL-1.
Interestingly, an early description of IL-1 induction indi-
cated that T-cell-induced IL-1 produced an additional com-
ponent not present in LPS-induced IL-1 (23). This compo-
nent might represent an altered, biologically inactive IL-1 or
a T-cell-derived product, as was speculated by the authors
(23). In support of a T-cell-derived product, IFN--y can
maintain the accessory function of APC for the induction of
suppressor T cells (28). Presence of lymphocytes in the
macrophage population when cultured with IFN and B.
abortus might contribute to the simultaneous increase in the
ability to induce suppressor T cells, as shown by others (28).
This hypothesis would require additional experiments that
are hampered by a lack of MAbs characterizing suppressor
cells or a murine MHC I-J-like equivalent molecule in cattle.

IL-1 can be induced by both the polysaccharide and lipid
A components of E. coli and Salmonella minnesota (21). The
endotoxic activities of LPS reside exclusively in lipid A and
not in the polysaccharide portion of the molecule (21).
Therefore, the polysaccharide has the potential for IL-1
immunostimulatory activity. Also, polysaccharide appears

B. abortus

B. ab/g. IFN
E IL I (0.1)

ILl(0.01)
IL1 (0.001)

0 10000 20000 30000 40000 50000
3 H Thymidine Incorporation

CPM

FIG. 6. Effect of recombinant bovine IL-lp on T-cell prolifera
tion when added to B. abortus-IFN-y-treated cultures. Cultures
were as described in Materials and Methods. Data are from one
experiment. Dose-dependent biologic activity of recombinant IL-1
was demonstrated when the activity was assayed on D10.G4.1 cells.

to be the major component of B. abortus participating in the
down regulation of IL-1, since strain 45/20 could not produce
the down regulatory effect (Table 1). The present study
indicates that the polysaccharide of B. abortus LPS effects
both positive and negative immunostimulatory activity, de-
pending on the interaction with other molecules or lympho-
kines.

Recently, it has been possible to demonstrate both posi-
tive (4) and negative (36) effects of LPS on lymphokine
production and T-cell responses. LPS has been reported to
augment MHC class II molecule expression (43), and similar
results were obtained in the present study with B. abortus.
In contrast, LPS reportedly inhibits both IFN--y induction of
macrophage MHC class II molecule expression and IFN
maintenance of these molecules in a dose-dependent manner
(36). These findings are different from ours because MHC
class II molecule expression was not decreased with simul-
taneous IFN--y and bacterial treatment in the present study.
This difference could be reflected in known differences in the
LPS of E. coli and B. abortus (25) or in other antigens
present in the Brucella organism. However, our findings
indicate a decrease in membrane IL-1 expression on the
surface of macrophages, which was caused by the outer
o-polysaccharide. Down modulation of cytokine receptors
by LPS has been reported by others (8) and is similar to the
decrease in membrane IL-1 observed in the present study.
Membrane IL-1 probably represents a product derived

from the 31-kilodalton IL-la and not the ,B precursor (1).
Others have shown that only IL-ia- and not IL-1l-specific
antibody stains the surface of LPS-activated monocytes (9).
The importance of membrane IL-1 amounts in lymphocyte
activation has been demonstrated with murine T-cell lines
and APC expressing various levels of membrane IL-1 (15).
Therefore, the membrane IL-1 form is of functional impor-
tance for a T-cell response, and factors that would alter
membrane IL-1 would affect T-cell proliferation.
These present experiments suggest a novel mechanism to

regulate T-cell proliferation not described previously. Com-
ponents required are the outer o-polysaccharide of B. abor-
tus LPS, IFN-y, and possibly a peripheral blood cell popu-
lation(s). These components lead to a decline in membrane
IL-1 on the macrophage surface and concomitant down
regulation of T-cell proliferation. Interaction of lymphokine
and LPS allow a distinction between events necessary at the
macrophage level for antigen presentation and events that
interfere with antigen recognition. E. coli LPS in combina-
tion with IL-1 can induce prostaglandin E2 release from
macrophages, as shown by others (7). Addition of IFN--y to
this system can inhibit IL-1 from producing prostaglandin E2
and establishing antagonistic roles for IL-1 and IFN. LPS
can serve as a second signal for activation of macrophages
where prostaglandin E2 is not produced (7). Previously,
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others have not demonstrated whether IFN could alter
expression of IL-1 on macrophage surfaces. However, the
findings in the present study would extend the observation of
previous workers (7) to suggest that IFN can down regulate
membrane IL-1 in the presence of LPS. Whether LPS from
other gram-negative bacteria can produce this effect or
whether it is restricted to B. abortus remains to be deter-
mined. IL-1 inhibitors have been reported by others but
appear to be different from either IFN or LPS (3, 20, 32), and
viral infections have been noted to produce IL-1 inhibitory
factors directly from macrophages (30, 31). These descrip-
tions have indicated an effect on secreted IL-1, but little
evidence indicating an alteration in membrane but not se-
creted IL-1 has been reported. The interaction of B. abortus
containing the outer o-polysaccharide and IFN-y to down
regulate membrane IL-1 appears unusual. Clearly, more
work will be required to determine how host cytokines
interact with foreign antigens and cells of the immune system
to down regulate molecules that participate in immune
responses.
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