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A. Introduction 

Interleukin-1 (IL-1) is a polypeptide syn
thesized as a high-mol.-wt. precursor and 
subsequently secreted after proteolytic 
cleavage to 17500-dalton active forms in 
murine [1] and human cells [2]. Recently, 
cDNAs for murine [3] and for two dis
tinct human IL-1 species, IL-1 rx and IL-
1 {3, have been isolated, sequenced, and 
cloned [2, 4]. 

IL-1 is produced by a variety of cell 
sources including macrophage-contain
ing tissues, such as peripheral blood, 
bone marrow, dendritic cells, pulmonary 
alveolar cells, Kupffer cells, astrocytes, 
and glial cells (reviewed in [5, 6]) and 
non-macrophage cells such as B-Iym
phocytes [7], large granular lymphocytes 
[8], epidermal cells [9], and mesangial 
cells [10], and it exerts a mUltiplicity of 
nonspecific biological activities amplify
ing inflammatory reactions and modulat
ing the immune response. IL-1 activity 
results in the release of acute phase reac
tants such as serum amyloid P compo
nent, fibrinogen and C-reactive protein 
[11, 12], increases the production of col
lagenase and prostaglandins by rheuma
toid synovial cells and chondrocytes [13], 
induces synthesis ofprostacyclin [14] and' 
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procoagulant activIty [15] in vascular 
cells, acts on vascular endothelial cells to 
increase adhesion of granulocytes and 
monocytes [16], stimulates fibroblast 
growth [17], release of ')I-interferon (IFN) 
[18], and osteoclast-mediated bone reab
sorption [19], and mediates tumor cyto
stasis [20, 21]. 

IL-1 has been shown to provide a sig
nal for T-cell proliferation, in response to 
both antigen-specific and polyc1onal T
cell stimulation [22, 23], but it is not re
quired for the recognition of an exoge
nous antigen provided by an Ia identical 
cell [24-26] and cannot substitute for ac
cessory cells in MHC-restricted antigen 
presentation. 

It has been proposed that IL-1 induces 
T cells to produce mitogenic lymphoki
nes such as interleukin-2 (lL-2) and to 
express their respective receptors on T 
cells [27 - 31]. The synergistic action of 
IL-1 with IL-2 and IFN in boosting NK 
activity has also been reported [32]. Fur
thermore, an in vitro role of IL-1 in en
hancing the proliferative response of ac
tivated B cells to B-cell growth factors 
[33 - 36] and in modulating antibody pro
duction [37, 38] has been suggested. 

In an immune response, IL-1 is re
leased by macrophages after activation 
by two pathways: one is the genetically 
unrestricted direct challenge of 
macrophages by various compounds in
cluding lipopolysaccharides, purified tu
berculin protein derivatives, muramyl 
dipeptide, phorbol myristate acetate, sil
ica particles, and the glucocerebroside 
GL-1 [6]. A second pathway for the se
cretion of IL-1 involves activated T cells 
that stimulate monocytes to produce IL-
1 by a cell contact-dependent, genetically 
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restricted pathway which requires Ia 
antigen identity [39, 40]. Recently, ligand 
binding to monocyte membrane struc
tures as provided by monoclonal anti
bodies to Ia antigens has been reported 
to stimulate monocyte IL-1 secretion 
[41]. Also, lymphokines released by T 
cells, such as the granulocyte/monocyte 
colony-stimulating factor, have been im
plicated in monocyte IL-l secretion [42]. 

However, little is known about mecha
nisms underliying T -cell/monocyte inter
actions that lead to monocyte IL-l secre
tion. 

We have previously shown that T -cell
derived y-IFN induced binding sites for 
IL-2 on monoblast line V 937 and the 
promyelocyte line HL 60 that bound bio
logically active IL-2 [43]. In addition, we 
have presented evidence for IL-2-R ex
pression on y-IFN treated human periph
eral blood monocytes [43]. We have now 
shown, by means of biochemical and 
molecular identification and bioassays, 
that cultured human peripheral blood 
monocytes display binding sites for IL-2. 
Stimulation of monocytes with y-IFN, 
lipopolysaccharide (LPS), or phyto
hemagglutinin (PHA) enhanced surface 
IL-2-R expression up to threetimes. 
Binding of IL-2 to monocyte IL-2-R re
sulted in IL-1 secretion that could be en
hanced five- to sixfold when monocytes 
were costimulated with LPS. Moreover, 
the progressive loss of monocyte IL-l se
cretion upon monocyte aging in vitro 
was reversed by either IL-2 or y-IFN 
alone, but was most effective in the pres
ence of both factors. IL-2 effects on IL-l 
secretion by highly purified monocyte 
preparations could be partially blocked 
by the addition of anti-IL-2-R antibodies 
to the cultures. 

These results provide insights into the 
T -cell/monocyte interactions that lead to 
monocyte IL-l secretion, suggesting that 
the T-cell lymphokines IL-2 and y-IFN 
may act on monocytes to amplify the im
mune response by establishing a positive 
feedback loop. 
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B. Materials and Methods 

I. Separation of Monocytes 

Peripheral blood mononuclear cells 
(PBMC) were isolated from healthy vol
unteer donor buffy coats by Ficoll-Hy
paque (density 1.077 g/cm) gradient cen
trifugation. T cells were recovered by 
rosetting with AET-treated SRBC (5% 
vol/vol solution); monocytes were sepa
rated by repeated adherence steps of the 
E-rosette negative fraction [44]. Purity 
was determined by Wright-Giemsa stain
ing, ANAE staining, and immunofluo
rescence analysis with monoclonal anti
bodies to the Mo-2, T-11, B-1, and 
NKH1-A antigens [45 -48]. 

II. Culture Conditions 

In some experiments monocytes were in
cubated at 1 x 106 cells/ml in 60 x 15 mm 
Petri dishes (Falcon, Oxnard, CA) at 
3r C in a 5% CO2 atmosphere and cul
tured for a period of 12-72 h in the pres
ence or absence of 50-1000 V/ml 
(SA = 6 x 107 V /mg) of purified Esche
richia coli-derived recombinant y-IFN 
(Biogen Research Corporation, Cam
bridge, MA). The· culture medium was 
RPMI 1640 supplemented with 5% low
endotoxin FCS, 2 mM L-glutamine, 
100 V /ml penicillin, 100 J.lg/ml strepto
mycin, and 1 % sodium pyruvate (Gibco, 
Grand Island, NY) (= standard culture 
medium). 

In selected experiments other com
pounds potentially affecting monocyte 
functions were added, either alone or 
in combination, for 48 h to monocyte 
cultures, including prostaglandin E2 
(10- 6 M), LPS; E. coli 026: B6 (15 J.lg/ 
ml, Sigma, St. Louis, MO), PHA (2 J.lg/ 
ml, Burroughs-Wellcome, Greenville, 
NC), 1.25 (OH) vitamin D3 (10- 8 M), 
recombinant ocA-IFN, f3-IFN (500 V/ml; 
SA = 2 x 108 V /mg, Hoffman-La Roche, 
Nutley, NJ) and recombinant TNFoc 
(150 D/ml; SA=7.2 x 107 D/mg, Ge
nentech, San Francisco, CA). Cells de
rived from cultures as described above 



were subjected to immunofluorescence 
staining and analysis. 

In other experiments designed to ex
amine the effects of y-IFN and IL-2 on 
modulation of IL-l secretion by mono
cytes, monocytes were cultured in 24-
well, 16-mm flat-bottom plates (Falcon) 
at 2.5 x 105 cells/ml and 1 ml/well for 24-
168 h in the presence or absence of y
IFN (250 U/ml), recombinant IL-2 (2.5-
500 U /ml; SA = 106 U /mg, Biogen) or a 
combination of both lymphokines, IL-1-
inducer LPS (15 jlg/ml), anti-IL-2-
R 1 mcAb [49] (diluted 1: 100-1000), or 
control IgG2a mcAbs, that were either 
binding or nonbinding to monocytes (di
luted 1: 100). Supernatants were har
vested after various culture times and 
subjected to IL-1 and IL-2 bioassays. 

In some experiments (indicated in the 
table headings) supernatants were treated 
with 1500 nU jml of a neutralizing mcAb 
to y-IFN, 3C11C8 [44], and mcAb to IL-
2 (DMSI, 0.5 mg/ml; kindly provided by 
Dr. K. A. Smith) for 2 h at 27° C. In 
other selected experiments supernatants 
were additionally absorbed with 1 x 107 
cloned murine IL-2-dependent CTLL 
cells at 4° C for 24 h to remove IL-2 activ
ity that was potentially not neutralized. 
Culture medium in this culture type was 
standard culture medium supplemented 
with indomethacin (10- 6 M, Sigma) to 
prevent the endogenous secretion of 
prostaglandins, known to inhibit IL-l re
lease [50]. 

III. Immunofluorescence Staining 

F or one-color staining, 1 x 106 fresh or 
cultured monocytes were incubated for 
30 min at 4° C with the appropriate 
mcAbs to monocyte-, T -cell-, B-cell-, 
NK-cell antigens (Mo-2, T-11, B-1, 
NKH1-A) or several antibodies to IL-2-
R, including anti-IL-2-R 1 [49]), anti
TAC [51], and anti-7G7/B 6 [52] (kindly 
provided by Drs. T. Waldmann and D. 
Nelson) or irrelevant isotype-identical 
control antibodies. If antibodies were not 
directly fluoresceinated, a second incuba
tion was performed for 30 min at 4° C 

with fluorescein-conjugated goat anti
mouse IgG + IgM (Tago, Burlingame, 
CA). The washing medium was minimal 
essential medium (MEM; Gibco), con
taining 10% pooled human AB serum. 
F or dual fluorescence studies, monocytes 
that had been treated with y-IFN, PHA, 
or LPS were incubated with biotin-con
jugated anti-Mo-2 and a fluoresceinated 
anti-IL-2-R 1. After washing, cells were 
developed with avidin-conjugated Texas 
red (Molecular Probes, Junction City, 
OR). Cells were analyzed using a dual-la
ser flow cytometer (EPICS V; Coulter 
Electronics, Hialeah, FL). 

IV. Assay for IL-1 

Single thymocyte suspensions from C3H/ 
HeJ mice (female, 6-8 weeks old) (Jack
son Laboratory, Bar Harbor, ME) were 
cultured at 1.5 x 106 cells/150 jlg/well in 
standard culture medium supplemented 
with 2.5 x 10- 5 M 2 mercaptoethanol 
(2 ME; Sigma) and submitogenic con
centrations of PHA (0.5 jlgjml) in the 
presence or absence of supernatant con
ditioned by monocytes (25% vol/vol) for 
72 h at 37° C, 5% CO in 98-microwell 
flat-bottom plates (Falcon) as described 
[53]. Eighteen hours before harvesting, 
cultures were pulsed with 1 mCij 
ml = 37 kBq/ml of tritiated-thymidine 
eH-Td; Schwartz-Mann, Spring Valley, 
NY). The incorporated radioactivity was 
collected onto fiberglass filters and as
sayed using a liquid scintillation counter 
(Packard Instruments, Downer's Grove, 
IL). The levels of IL-l activity in super
natants tested are expressed as cpm val
ues of 3H-Td incorporated by thymo
cytes (mean of triplicate cultures). In 
selected samples IL-l activity present in 
the supernatants was detected using the 
LBRM 33-IA5B6 conversion assay [54]. 

V. Assay for IL-2 

Interleukin-2 activity was determined by 
assaying the growth of IL-2 dependent 
murine CTLL 2 cells as described [55]. 
CTLL 2 cells were cultured at 5 x 106 
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cells/100 JlI/well at 37°C, 5% CO2 , in 98-
microwell flat bottom plates (Falcon) in 
standard culture medium supplemented 
with 5 x 10- 5 M 2 ME in the presence or 
absence of monocyte conditioned super
natants (25% vol/vol) for 48 h. The cells 
were pulsed with 3 H-Td for the final 
18 h before harvesting. The incorporated 
radioactivity was measured in the same 
manner as described for the IL-1 assay. 
IL-2levels are expressed as cpm values of 
3 H-Td incorporated by CTLL 2 cells in 
response to IL-2 (mean of triplicate cul
tures). 

VI. Iodination, Immunoprecipitation, 
and SDS-PAGE 

Monocytes treated for 48 h with 250 U / 
ml y-IFN were externally labeled with 
125 I using the lactoperoxidase-catalyzed 
method. Immunoprecipitates with anti
IL-2-R 1 antibody were analyzed by 
sodium dodecyl-10% polyacrylamide 
gel electrophoresis (SDS-PAGE) [43]. 

VII. Northern Blot Analysis 

Total cellular RNA was prepared em
ploying the guanidinium isothiocyanate/ 
cesium chloride method [23]. Monocytes 
were lysed in situ, adherent on the Petri 
dishes. After glyoxylation, 10-jlg samples 
of RNA were size-fractioned by agarose 
gel electrophoresis and transferred onto 
synthetic membranes. Filters were hy
bridized with a full-length IL-2-R cDNA 
(kindly provided by Dr. W. C. Greene), 
radiolabeled, and exposed to Kodak 
XAR5 using Dupont Cronex intensifying 
screens. To exclude contamination of 
monocyte RNA with RNA derived from 
T cells possibly contaminating monocyte 
culture, filters were reprobed with a 
cDNA specific for the T-cell receptor f3-
chain gene (kindly provided by Dr. H. D. 
Royer). 
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C. Results 

I. Purification of Monocyte Preparation 

Isolation of monocytes by two sequential 
adherence steps of E-rosette-negative 
PBMC resulted in cell preparations con
sisting of > 98 % monocytes by morphol
ogy and cytochemistry (Wright Giemsa 
and ANAE staining). Cytofluorographic 
analysis of these cells employing mcABs 
to Mo-2 (monocytes), T-11 (T cells), B-1 
(B cells), and NKH1-A (NK cells) re
vealed 96% -99% Mo-2-positive cells. 
Reactivity with anti-T-11, -B-1, and 
-NKH1-A was below the background 
fluorescence. The possibility that the few 
remaining T cells, present in the mono
cyte cultures and not detectable by means 
of morphology or immunofluorescence, 
produced endogenous IL-2 was exam
ined by assaying samples of IL-1-con
taining conditioned medium for their ef
fects on IL-2-dependent CTLL 2. A rat 
IL-2 sample used for maintenance of 
CTLL 2 cells served as a positive control. 
None of the conditioned media tested ex
hibited any activity on the CTLL 2 cells 
(data not shown). 

II. Constitutive and Modulated IL-2-R 
Expression on Peripheral Blood 
Monocytes 

IL-2-R expression is negligible in freshly 
isolated monocytes «2%). However, 
using mcAb anti-IL-2-R 1 and im
munofluorescence, surface IL-2-R were 
detectable in monocytes after 24 h of cul
ture, with a maximum (25%) after 48-
60 h. Exposure of monocytes to r y-IFN 
(50-1000 U/ml) resulted in enhanced ex
pression of binding sites for anti-IL-2-
R 1; they were at a maximum when 
100 U/ml r y-IFN was present during 
60 h of culture (Table 1). Similar results 
were obtained using other anti-IL-2-R 
antibodies, such as anti-TAC and anti-
7G7/B6 (data not shown). 

Identification of these binding sites as 
IL-2-R was confirmed by immunoprecip
itation of the same 60- to 65-kD protein 



Cultures of monocytes IL-2-R1 
Table 1. Effect of 
various compounds 
(48-h exposure) on 
IL-2-receptor ex
pression of cultured 
peripheral blood 
monocytes 

Number of stained cells (%) 

Nontreated 

Treated with 
y-IFN 
ocA-IFN 
fJ-IFN 
TNFoc 
1.25 (OR) vitamin D3 
PGE2 
LPS 
PRA 
y-IFN+TNFoc 
y-IFN +PGE2 
y-IFN +LPS 
y-IFN +ocA-IFN 
y-IFN + fJ-IFN 

63 
25 
24 
24 
26 
23 
52 
55 
74 
39 
64 
64 
60 

See text for concentrations used. Recovery of viable cells in each frac
tion was> 78%. 
a Data of one representative experiment. 

from surface-labeled PH A-activated T 
cells (72 h, 2 ~g/ml) as from y-IFN-in
duced cultured peripheral blood mono
cytes (60 h, 100 U /ml; Fig. 1). Other spe
cies of IFN, such as r ex-A-IFN or 
r fJ-IFN, or compounds that are known 
to be involved in the modulation of 
monocyte/macrophage functions, such 
as PGE2 , 1.25 (OH) 2 vitamin D 3 , and 
TNF ex, failed to enhance monocyte sur
face IL-2-R expression. However, when 
various combinations of these com
pounds were assayed, it was demon
strated that PGE2 partially inhibited the 
y-IFN-induced enhancement of IL-2-R 
on monocytes, whereas TNF ex - al
though it demonstrated no enhancing ef
fect on IL-2-R expression by itself - syn
ergized with y-IFN to increase the 
number and fluorescent intensity of IL-2-
R 1 + monocytes (data not shown), while 
cocultures of y-IFN together with exA
IFN, fJ-IFN, and LPS did not alter the 
effects observed with y-IFN alone 
(Table 1). 

PHA and LPS also increased the num
ber of IL-2-R 1 +monocytes. This was 
confirmed by two-color immunofluores
cence using biotin-conjugated anti-Mo-2 

and fluoresceinated anti-IL-2-R 1 anti
body (Fig. 2). Of the cells used for two
color immunofluorescence studies, 
97.2%-99.4%) were stained by biotiny
lated Mo-2; 53.5%, 59.2%, and 62.5%, 
respectively, of cells from PHA-, LPS-, 
and y-IFN-treated cultures were double
stained by biotinylated Mo-2 and fluo
resceinated anti-IL-2-R 1. To determine 
whether monocyte surface expression of 
IL-2-R was associated with induced ex
pression of the IL-2-R gene, cytoplasmic 
mRNA of monocytes treated with LPS, 
PHA, or y-IFN was extracted and hy
bridized to an IL-2-R gene-specific 
eDNA. As shown in Fig. 3, unstimulated 
monocytes failed to accumulate tran
scripts for IL-2-R. In the presence of the 
stimulatory compounds, however, the 
IL-2-R message of 3.5 and 1.5 kb in size, 
became detectable 12 h after initiation of 
cultures. These mRNA were similar in 
size to the corresponding messengers 
seen in PMA/PHA-activated normal T 
cells. Lack of T-cell receptor-fJ-chain 
transcripts in RNA derived from mono
cyte cultures excluded the possibility that 
T-cell contamination was responsible for 
the IL-2-R messenger (data not shown). 
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MW 
A B 

Fig. 1. SDS-PAGE analysis of immunopre
cipitates obtained with anti IL-2-R 1 antibody 
from y-IFN-treated (48 h, 250 Vlml) mono
cytes (lane A) under reducing conditions. 
Lane B represents control immunoprecipitates 
from the same cells using an unreactive con
trol antibody (anti-glycophorin A) 
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III. y-IFN and IL-2 Enhance LPS
induced and Maintain LPS-inducible 
IL-l Release by Cultured Peripheral 
Blood Monocytes 

When monocytes were cultured for 24 h, 
subsequent stimulation with LPS (15 Jlgi 
ml) resulted in the release of IL-2 activity 
in the supernatants. Costimulation with 
250 U Iml r y-IFN at initiation of the cul
tures yielded a twofold increase in the 
level of IL-l activity when monocytes 
were induced with LPS. As seen in 
Table 2, when r IL-2 (500 U/ml) was 
present during the first 24 h of culture 
and was thoroughly washed off before 
inducing with LPS, an up to 30% in
crease in detectable IL-l activity was ob
served, as compared with untreated LPS
induced cultures. 

However, IL-2 synergized with y-IFN 
to yield a sixfold enhancement of LPS-in
ducible secretion of IL-l activity, 
whereas LPS-uninduced cells did not 
secrete significant levels of IL-1. None of 
the supernatants assayed for IL-l activ
ity showed any mitogenic stimulation of 
IL-2-dependent CTLL 2 cells (data not 
shown). 

Monocytes cultured for more than 
84 h were diminished in their ability to 
support LPS-inducible IL-l production. 
This loss of IL-l secretory potential is 
complete after 214 h, but it can be over
come by the addition of IL-2 or y-IFN, 
and more dramatically by a combination 
of both lymphokines (Table 3) when in
troduced at the time of initiation of cul
tures. When cultures were performed in 
the presence of IL-2, y-IFN, or both, the 
ability of LPS to induce the release of 
IL-l was largely maintained and the mi
togenic activity in supernatants remained 
comparable to that in fresh cultures. 
Again, when cultures were washed thor
oughly before LPS was introduced no 
IL-2 activity could be detected in the su
pernatants to be assayed for IL-l activity 
(not shown). 



Mo2+IL2-R~ 

Mo2-IL2-Rt I 

Fig. 2. Dual~color fluorescence analysis of IL~2-R expression on peripheral blood monocytes 
cultured for 48 h in the presence of LPS (15 ~g/ml; top left panel), PHA (2 ~g/ml; top right panel), 
or y-IFN (250 U /ml; bottom panel). Mo-2 antigen was detected with biotin~conjugated anti-Mo-
2 (x axis), and IL~2-R was detected with fluoresceinated IL~2-R 1 antibody (yaxis) 

Table 2. y~Interferon and interleukin-2 enhancement of LPS-induced interleukin-l release by 
cultured monocytes 

Culture of 
monocytes in: 

Culture medium 
y~IFN 

IL-2 
y-IFN +IL-2 

3H-Td Incorporation a of murine thymocytes induced by monocyte
conditioned media b (MCM) stimulated with: 

Culture medium LPS 

Expm.l Expm.2 Expm.3 Expm.1 Expm.2 Expm.3 

368 127 309 6687 9859 5392 
446 141 287 12036 18329 11007 
439 213 308 7914 9997 6985 
471 242 357 36875 33341 29890 

Monocytes (2.5 x 105/ml) were cultured in culture medium in the absence or presence of y-IFN 
(250 U/ml), IL-2 (500 U/ml), or a combination of both for 24 h. After several washings, cultures 
were reincubated in fresh culture medium with or without LPS (15 ~g/ml). 
After further 24 h, cell-free supernatants were harvested and assayed for IL-1 biological activity. 
a Values are expressed as cpm of triplicate cultures. SD never exceeded 7%. 3H-Td Incorpora
tion of thymocytes stimulated with PHA (0.5 llg/ml) or PHA + LPS (15 ~g/ml) was 264 ± 67 and 
339±71. 
b The result given correspond to a dilution of MCM of 25% vol./vol. 
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IV. Effect of y-IFN and IL-2 on the 
Induction of IL-l Release by Cultured 
Monocytes in the Absence of LPS 

In an attempt to examine whether cul
tured monocytes were able to release IL
l activity in response to a cascade of 
lymphokines, independently from induc
tion by LPS, experiments were per
formed in which y-IFN- or IL-2-treated 
or untreated control cultures (0-144 h) 
received a second lymphokine pulse, ei
ther with y-IFN or with IL-2. As seen in 
Tables 4 and 5, when monocytes were 
cultured in the presence ofy-IFN (250 VI 
ml), they could be induced to release IL-l 
activity by IL-2; this was maximally de
tectable when y-IFN was present in the 
primary culture for 60 h, requiring a min
imal IL-2 concentration of > 250 V Iml 
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Fig. 3. Detection of 

...35 IL-2-R mRNA in , monocytes cultured 
for 12 h in the pres-
ence of LPS (15 ~gj 
ml; lane 4), PHA 
(2 Jlgjml; lane 5), or 
y-IFN (250 U Iml; .... 1,5 lane 6). Monocytes 
cultured in the pres-
ence of medium 
alone (lane 3) failed 
to display IL-2-R 
mRNA. Lanes 0, 1, 
and 2 represent con-
trol lanes of T cells 
cultured for 12 h 
in medium alone 
(lane 0), in the pres-
ence of PHA (2 Jlgj 
ml; lane 1), or PHA 

6 plus PMA (10- 9 M; 
lane 2) 

(Table 5). When primary cultures were 
performed in the absence of y-IFN and 
with or without IL-2, y-IFN was unable 
to induce any IL-l release (Table 4). Su
pernatants from secondary cultures, in
duced with either 1'-IFN or IL-2, were 
treated with neutralizing concentrations 
of mcAb to 1'-IFN (3Cl1 C8) or to IL-2 
(DMS1), to avoid a carry-over of an
tiproliferative effects (although not de
tectable in control experiments) of1'-IFN 
or mitogenic activities of IL-2 into the 
final IL-l assay. In selected experiments 
supernatants were additionally absorbed 
with 1 x 107 IL-2-dependent cloned 
CTLL cells (24 h, 4° C), to remove any 
possible residual exogenous IL-2 activity 
(although not detectable in the CTLL 2 
proliferation assay). A possible mecha
nism by which IL-2 could induce IL-l 
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Table 4. Effect of y-interferon and interleukin-2 on the induction of interleukin-1-release by cultured monocytes in the absence of LPS 

Induction culture 
with }.-IFN 

Monocytes in 
culture (h) 

24 
84 

168 

Induction culture 
with IL-2 

Monocytes in 
culture (h) 

24 
84 

168 

3H-Td Incorporation of murine thymocytes induced by monocyte conditioned media stimulated with 

Culture medium Culture medium+y-IFN Culture medium + IL-2 

Expm.l Expm.2 Expm.3 Expm.l Expm.2 Expm.3 Expm.1 Expm.2 

293 366 298 246 353 342 258 359 
316 357 353 270 377 359 278 384 
208 199 ND a 188 301 ND 243 292 

3H-Td Incorporation of murine thymocytes induced by monocyte conditioned media stimulated with 

Culture medium Culture medium+IL-2 Culture medium+y-IFN 

Expm.1 Expm.2 Expm.3 Expm.1 Expm.2 Expm.3 Expm.1 Expm.2 

441 429 407 473 427 421 791 886 
609 594 706 701 600 733 19384 18247 
489 383 ND 493 394 ND 5604 4041 

Expm.3 

317 
339 
ND 

Expm.3 

809 
17003 
ND 

Monocytes (2.5 x 105 /ml) were cultured for various time in culture medium in the absence or presence of y-IFN (250 V /ml) or IL-2 (500 V /ml). At time 
point 0, after 60 hand 144 h, cultures that were washed several times received fresh culture medium supplemented with either y-IFN (250 V/ml) or IL-2 
(500 V /ml). After a further incubation period of 24 h, cell-free supernatants were harvested, treated with neutralizing concentrations of monoclonal 
antibody to y-IFN (3CllC8; 1500 nV/ml) and monoclonal antibody to IL-2 (DMS 1; 0.5 mg/ml) (2 h at 27°C) and assayed for IL-12 biological activity. 
For further details see legend to Table 2. 
a Not done. 



Table 5. Effect of graded concentrations of 
IL-2 on IL-1 secretion from y-IFN-treated 
monocytes 

IL-2 
(U/ml) 

o 
2.5 

25 
250 
500 

3H-Td Incorporation of murine 
thymocytes induced by monocyte 
conditioned medium 

Expm.1 

256 
249 
436 

5332 
15937 

Expm. 2 Expm. 3 

293 
289 
301 

4736 
13889 

301 
317 
314 

6004 
16019 

Monocytes (2.5 x 105 /ml) were cultured in the 
presence of y-IFN (250 U jml). After 60 h, 
graded concentrations ofIL-2 (2.5-500 Ujml) 
were added to the cultures. After further 24 h, 
cell-free supernatants were harvested, treated 
with antibodies 3Cll C8 and DMS1 (as de
scribed in Table 4), absorbed with CTLL cells 
24 h, 4 DC), and assayed for IL-l biological 
activity. For further details see legend to 
Table 2. 

uisite for the events leading to effector 
functions of cells participating in an im
mune response [6]. Production of y-IFN 
is closely associated with the production 
of IL-2 in IL-2-R-bearing T cells, which 
is regulated at the transcriptional level 
[56-60]. IL-2-R expression in T cells and 
IL-2 production is amplified by IL-l and 
requires the presence of appropriate 
MH C products on accessory cells [31] 
that are in turn regulated by y-IFN 
[43, 61-63]. More recently, the T-cell 
lymphokine TNF-P and monokine TNF
rx have been implicated in this cascade: it 
was demonstrated that both molecules 
are involved in the cytotoxic effector 
function of the respective cell type when 
induced with y-IFN or IL-2 and when 
acting synergistically with y-IFN [60, 64, 
65]. Therefore, the study of the regula
tion of the functional interrelationship of 
these lymphocyte/monocyte-derived ac
tivities may represent an interesting 
model for the investigation of intercellu
lar communications in the immune re
sponse. 

Whereas the association of the interac
tions of the humoral regulator molecules 
during the intial steps of the cascade of 
an immune response - i.e., the IL-l-me
diated enhancement of IL-2 production, 
leading to IL-2-mediated enhancement 
ofy-IFN production, leading to secretion 
of TNF-rx and -p, and the final downreg
ulation of macrophage la-expression, 
lL-l secretion, and T-cell IL-2 and y-IFN 
release by prostaglandins or other cAMP 
agonists - is well documented [50, 66-
68], relatively little is known about mech
anisms that contribute to the preserva
tion and perpetuation of these activities. 

The studies in this article present evi
dence for the surface expression of IL-2-
R in cultured monocytes and detail their 
possible implication in the secretion of 
IL-1. IL-2-R were detected by several an
ti-IL-2-R mcAbs and were indistinguish
able from T-Iymphocyte IL-2-R by im
munoprecipitation. The prerequisite for 
monocyte IL-2-R expression was contact 
with plastic surfaces during culture, since 
monocyte culture in hydrophobic dishes 
did not result in lL-2-R expression (data 
not shown). The time course of monocyte 
IL-2-R expression that was first detect
able after 24 h of culture suggested de 
novo synthesis rather than the unmask
ing of cryptic receptors. A several-fold 
increase in the number ofIL-2-R-bearing 
monocytes was obtained when monocyte 
cultures were performed in the presence 
of y-IFN (100-250 U/ml) or, to a lower 
extent, in the presence of LPS (15 Jlg/ml) 
and PHA (2 Jlg/ml). This effect was not 
seen when monocytes were cultured in 
the presence of purified recombinant 
preparations of rxA-IFN, P-IFN, TNF-rx, 
or other modulators of monocyte func
tion such as PGE2 , and 1.25 (OH) 2 vita
min D 3 . However, culture combinations 
of y-IFN with TNF-rx or PGE2 lead to a 
further increase (TNF-rx) or decrease 
(PGE2) in the number and fluorescence 
intensity of IL-2-R-expressing mono
cytes as well as in the levels of surface 
HLA-DR expression (data not shown), 
confirming previous observations of syn
ergistic or antagonistic actions of both 
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Table 6. Effect of monoclonal antibody to interleukin-2-receptor (IL-2-R1) on interleukin-l by y-IFN-pretreated monocytes cultured in media containing 
interleukin-2 

3H-Td Incorporation of murine thymodytes induced by monocyte conditioned media stimulated with 

Control medium Control medium+y-IFN Control medium Control medium + y-IFN 
Induction culture in y-IFN IL-2 

Expm.l Expm.2 Expm.l Expm.2 Expm.l Expm.2 Expm.l Expm.2 

Culture medium 282 279 280 286 1433 1291 17355 15137 
IL-2-Rl (1: 1000) 291 268 301 289 1352 1284 14997 13989 
IL-2-Rl (1: 100) 286 272 284 289 997 1017 8569 6146 
Control antibody 1 274 273 270 278 1439 1276 17158 15206 
Control antibody 2 259 268 267 271 1418 1272 17204 15217 

Monocytes (2.5 x lO s/ml) were cultured in culture medium in the absence or presence ofy-IFN (250 Vlml). After 26 h, cultures received a second y-IFN 
(250 Vlml) or an IL-2 (500 Vlml) pulse. After an additional 24 h, monoclonal antibody IL-2-R1 (1: 1000 and 1: 100 final dilution) or isotype-.identical 
control binding (1) or nonbinding (2) antibodies were added. After further 12 h of culture, cell-free supernatants were harvested, treated with antibodies 
3CllC8 and DMS1 (as described in Table 4), and assayed for IL-1 biological activity. In Expm. 2 supernatants were additionally absorbed with cloned 
murine CTLL cells (24 h, 4°C) before assay for IL-l activity. y-IFN and antibody to y-IFN (3Cl1C8), IL-2 (DMS1), IL-2-R (anti IL-2-R1), and control 
antibodies had no effect on the thymocyte assay for IL-l by themselves, nor did they modify the activity of a standard IL-1 preparation (purified IL-1, 
Genzyme, Norwalk, CT) (not shown). For further details see legend to Table 2. 



components with y-IFN in terms of other 
macrophage functions [50, 64, 69, 70]. 
IL-2-R expression in nonlymphoid cells 
has now been repeatedly documented in 
transformed cells including monoblast 
line U 937 [43] and promyelocytic line 
HL 60, when differentiation along the 
monocytic axis was induced with y-IFN 
[43, 71], whereas myeloblast line KG 1 
[43] and a newly established line derived 
from a human eosinophilic leukemia ex
pressed IL-2-R [72] in the absence of 
exogenous inducing agents. Although we 
were unable to detect inducible or consti
tutively expressed IL-2-R on mouse peri
toneal macrophages using antimouse IL-
2-R antibody AMT 13 (T. Diamantstein 
and F. Herrmann, unpublished observa
tions), in line with previous reports that 
functions of macrophages derived from 
different sites or sources may be regu
lated differentially [73 -75], the recent 
finding of low-affinity IL-2-R on murine 
IL-3-dependent myelomonocytic cell 
lines [76] demonstrates the lack of possi
ble interspecies differences. 

To examine the biological conse
quences of IL-2-R expression by human 
peripheral blood-derived monocytes, in 
particular when upregulated by y-IFN, 
we assessed the effects of the interactive 
cascade of both lymphokines on the reg
ulation of monocyte IL-1 secretion, since 
it has been shown that T-cell products 
may induce IL-l secretion in the absence 
of cell-to-cell contact [39, 40, 53]. Every 
attempt was made, and a large array of 
control experiments were introduced to 
rule out any contaminants that would 
cause mitogenic activity other than that 
of IL-1, including the use of low-endo
toxin serum, highly purified preparations 
of recombinant lymphokines, and highly 
enriched monocyte preparations. In ad
dition, we excluded the presence of ex
ogenous or endogenously generated bio
logically active lymphokines in the final 
IL-1 assay, using neutralizing mcAbs to 
y-IFN and IL-2 as well as absorption 
techniques to purify the supernatants to 
be assayed for IL-l from IL-2 activity by 

usmg an IL-2-dependent murine T-cell 
clone. 

Under these experimental conditions 
our results can be summarized as follows: 
Monocytes do not secrete IL-1 in the ab
sence of inducers such as LPS, IL-2, or 
y-IFN, and, more effectively, the syner
gistic action of both lymphokines results 
in an up to sixfold enhancement of LPS
inducible IL-l secretion. The loss of 
monocytes to release IL-1 due to aging 
in culture was overcome when mono
cytes were cultured in the presence of y
IFN, IL-2, and, more effectively, in the 
presence of both T-cell products before 
induction with LPS. These results con
firm previous observations by other 
groups in some aspects [26, 63, 77]. 
Whereas y-IFN seems not to have any 
IL-l-inducing property, an IL-1-induc
ing capacity was demonstrated for IL-2, 
although concentrations of more than 
250 U Iml were necessary. 

The capacity of IL-2 to induce IL-1 
secretion required at least in part the 
presence of IL-2-R on monocytes, as 
demonstrated by blocking experiments 
with anti-IL-2-R mcAbs. Prior enhance
ment of the number of IL-2-R-bearing 
monocytes by y-IFN resulted in an about 
30fold increase of IL-2-mediated secre
tion of IL-l activity, suggesting a funda
mental role for the sequential action of 
both lymphokines in establishing a posi
tive feedback loop to generate IL-l secre
tion, and thus to preserve and perpetuate 
biological activities required for immune 
responses. 

Current studies are underway to ad
dress the role of IL-2 itself in modulating 
levels of IL-2-R in monocytes. In addi
tion, it has been suggested that subpopu
lations of cultured monocytes may be un
able to secrete IL-l upon induction [73], 
in particular, those that are involved in 
counter-regulatory monocyte functions. 
Expression of IL-2-R on these cells, 
which could lead to adsorption of IL-2 
activity and thus serve as a signal to limit 
cytotoxic events at inflammatory sites, 
needs further investigation. 

311 



References 

1. Giri JG, Lomedico PT, Mizel SB (1985) 
Studies on the synthesis and secretion of 
interleukin-1. 1. A 33000 molecular 
weight precursor for interleukin-1. J Im
munol 134:343-349 

2. March CJ, Mosley B, Larsen A, Ceretti 
DP, Braedt G, Price V, Gillis S, Henney, 
CS, Kronheim SR, Grabstein K, Conlon 
PJ, Hopp TP, Cosman D (1985) Cloning, 
sequence and expression of two distinct 
human interleukin-1 complementory 
DNAs. Nature 315:641-647 

3. Lomedica, PT, Gubler U, Hellman CP, 
Dunkovich M, Giri JG, Pan YE, Collier 
K, Saminow R, Chua AO, Mizel SB 
(1985) Cloning and expression of murine 
interleukin-1 cDNA in Escherchia coli. 
Nature 312:458-462 

4. Auron PE, Webb AC, Rosenwasser LJ, 
Mucci SF, Rich A, Wolfe SM, Dinarello 
CA (1984) Nucleotide sequence of human 
monocyte interleukin-1 precursor DNA. 
Proc Natl Acad Sci USA 81:7907-7912 

5. Oppenheim 11, Mizel SB, Meltzer MS 
(1979) Biological effects of lymphocyte
and macrophage-derived mitogenic "am
plification" factors. In: Cohen S, Pick E, 
Oppenheim 11 (eds) Biology of the 
lymphokines. Academic Press, New York, 
p 291-302 

6. Oppenheim 11, Gery I (1982) Interleukin-
1 is more than an interleukin. Immunol 
Today 3:113-119 

7. Matsushima K, Procopio A, Abe H, Scala 
G, Ortaldo JR, Oppenheim 11 (1985) Pro
duction of interleukin-1 activity by nor
mal human peripheral blood B
lymphocytes. J Immunol 135: 1132 

8. Scala G, Allavena P, Djeu J, Kasahara T, 
Ortaldo J, Herberman R, Oppenheim 11 
(1984) Human large granular lym
phocytes are potent producers of inter
leukin-1. Nature 309:56-59 

9. Luger TA, Stadler BM, Katz SI, Oppen
heimJJ (1981) Epidermal cell-derived thy
mocyte-activating factor. J Immunol 
127: 1493-1498 

10. Lovett DH, Ryan JL, Sterzel RB (1983) 
Stimulation of rat mesangial cell prolifer
ation by macrophage interleukin-1. J Im
munol 131:2830-2836 

11. Sztein MB, Vogel SN, Sipe JD, Murphy 
PA, Mizel SB, Oppenheim 11 (1981) The 
role of macrophages in the acute phase 
response: SAA inducer is closely related to 

312 

lymphocyte-activating factor and endoge
nous pyrogen. Cell Immunol 63: 164-176 

12. Dinarello CA (1984) Interleukin-1 and the 
pathogenesis of the acute phase response. 
N Engl J Med 311: 1413-1418 

13. Mizel SB, Dayer JM, Krane SM, Mergen
hagen HG (1981) Stimulation of rheuma
toid synovial cell collagenase and 
prostaglandin production by partially pu
rified lymphocyte-activating factor (inter
leukin-1). Proc Nat! Acad Sci USA 
78:2474-2477 

14. Rossi V, Breviario F, Ghezzi P, Deyana E, 
Mantovani A (1985) Prostacyclin synthe
sis induced in vascular cells by interleukin-
1. Science 229: 174-176 

15. Bevilacqua MP, Pober JS, Majeau GR, 
Cotran RS, Gimbrone MA (1984) Inter
leukin-1 induces biosynthesis and cell sur
face expression of procoagulant activity in 
vascular endothelial cells. J Exp Med 
160:618-623 

16. Bevilacqua MP, Pober JS, Wheeler ME, 
Cotran RS, Gimbrone MA (1985) Inter
leukin-1 acts on cultured human vascular 
endothelial cells to increase the adhesion 
of polymorphonuclear leukocytes, mono
cytes and related leukocyte cell lines. J 
Clin Invest 76:2003-2011 

17. Schmidt JA, Mizel SB, Cohen D, Green I 
(1982) Interleukin-1 a potential regulator 
of fibroblast proliferation. J Immunol 
128:2177-2182 

18. Van Damme J, De Ley M, Opdenakker G, 
Billiau A, de Sommer P, Van Beekmen J 
(1985) Homogenous interferon-inducing 
22 k factor is related to endogenous pyro
gen and interleukin-1. Nature 314:266-
268 

19. Gowen M, Meikle MC, Reynolds JJ 
(1983) Stimulation of bone resorption in 
vitro by a nonprostanoid factor released 
by human monocytes in culture. Biochim 
Biophys Acta 762:471-474 

20. Onozaki K, Matsushima K, Aggarwal 
BB, Oppenheim JJ (1985) Human inter
leukin-l is a cytocidal factor for several 
tumor cell lines. J Immunol 135: 3962-
3968 

21. Lovett D, Kozan B, Hadam M, Resch K, 
Gemsa D (1986) Macrophage cytotoxic
ity: interleukin-1 as a mediator of tumor 
cytostasis. J Immunol 136:340-347 

22. Farrar WL, Mizel SB, Farrar 11 (1980) 
Participation of lymphocyte-activating 
factor "interleukin-1" in the induction of 
cytotoxic T-cell response. J Immunol 
124: 1371-1377 



23. Herrmann F, Oster W, Meuer SC, Linde
mann A, Mertelsmann RH (1988) Inter
leukin-l stimulates T -lymphocytes to pro
duce granulocyte-monocyte colony-stim
ulating factor. J Clin Invest 81:1415-
1419 

24. Chu E, Rosenwasser LJ, Dinarello CA, 
Larean M, Geha RS (1984) Role of inter
leukin-1 in antigen-specific T-cell prolifer
ation. J Immunol132:1311-1316 

25. Chu E, Gesner M, Gorga J, Geha RS 
(1985) Role ofIa antigens and interleukin-
1 in T-cell proliferation to phytohemag
glutinin. Clin Immunol Immunopathol 
36:70-80 

26. Haq AU, Mayernik DG, Orosz C, Rine
hart JJ (1984) Interleukin-1 secretion is 
not required for human macrophage sup
port of T-cell proliferation. Cell Immunol 
87:517-527 

27. Shaw J, Caplin B, Paetkan V, Pilarski M, 
Delovitch Tl, McKenzie IFC (1980) Cel
lular origins of co-stimulator and its activ
ity in cytotoxic lymphocyte responses. J 
Immunol 124:2231-2239 

28. Ruscetti FW, Mier JW, Gallo RC (1980) 
Human T-cell growth factor: parameters 
of production. J Supramol Struct 13:229-
241 

29. Stadler BM, Sougherty SF, Farrar JJ, Op
penheim JJ (1981) Relationship of cell cy
cle to recovery of IL-2 activity from hu
man mononuclear cells, human and 
mouse T-cell lines. J Immunol127: 1936-
1941 

30. Kaye J, Gillis S, Mizel SB, Shevach EM, 
Malek TR, Dinarello CAA, Lachman BL, 
Janeway CA (1984) Growth of a cloned 
helper T-cell line induced by a monoclonal 
antibody specific for the antigen receptor. 
Interleukin-1 is required for the expres
sion of receptor for interleukin-2. J Im
munol 133: 1339-1345 

31. Schwab R, Crow MK, Russo C, Weksler 
ME (1985) Requirements for T-cell acti
vation by OKT 3 monoclonal antibody: 
role of modulation of T-3 molecules and 
interleukin-1. J Immunol 135: 1714-1718 

32. Dempsey RA, Dinarello CA, Mier JW, 
Rosenwasser LJ, Allegretta M, Brown TE, 
Parkinson DR (1982) Differential effects 
of human leukocytic pyrogen/lympho
cyte-activating factor, T-cell growth fac
tor and interferon on human natural killer 
activity. J Immunol 129:2504-2510 

33. Booth RJ, Prestidge RL, Watson JD 
(1983) Constitutive production by the 
WEHI -3 cell line of B-ceU growth and dif-

ferential factor, that co-purifies with inter
leukin-1. J Immunol131:1289-1293 

34. Booth RJ, Watson JD (1984) Interleukin-
1 induces proliferation of two distinct B
cell subpopulations responsive to two dif
ferent murine B-cell growth factors. J 
Immunol 133: 1346-1349 

35. Howard M, Mizel SB, Lachman LB, 
Ansel J, Johnson B, Paul WE (1983) Role 
of interleukin-1 in anti-immunoglobulin
induced B-cell proliferation. J Exp Med 
157:1529-1536 

36. Hoffmann MK, Mizel SB, Hirst JA (1984) 
IL-1 requirement for B-cell activation re
vealed by use of adult serum. J Immunol 
13 3: 2566 - 2568 

37. Falkoff RJM, Maruguschi A, Hong JX, 
Butler JL, Dinarello CA, Fauci AS (1983) 
The effects of interleukin-l in human B
cell activation and proliferation. J Im
munol 131:801-810 

38. Lipsky PE, Thompson PA, Rosenwasser 
LJ, Dinarello CA (1983) The role of inter
leukin-1 in human B-cell activation: inhi
bition of B-cell proliferation and the gen
eration of immunoglobulin-secreting cells 
by an antibody against human leukocyte 
pyrogen. J Immunol 130:2708-2714 

39. Unanue ER, Kiely JM, Calderon J (1976) 
The modulation of lymphocyte functions 
by molecules secreted by macrophages. II. 
Conditions leading to increased secretion. 
J Exp Med 144:155-161 

40. Unanue ER (1980) Cooperation between 
mononuclear phagocytes and lympho
cytes in immunity. N Engl J Med 303: 
977-981 

41. Palacios R (1985) Monoclonal antibodies 
against human Ia antigens stimulate 
monocytes to secrete interleukin-1. Proc 
Nat! Acad Sci USA 82:6652-6656 

42. Moore RN, Oppenheim JJ, Farrar JJ, 
Carter CS, Waheed A, Shadduck RK 
(1980) Production of lymphocyte-activat
ing factor (interleukin-1) by macrophages 
activated with colony-stimulating factors. 
J Immunol 125: 1302-1305 

43. Herrmann F, Cannistra SA, Levine H, 
Griffin JD (1985) Expression of inter
leukin-2 receptors and binding of inter
leukin-2 by gamma interferon induced hu
man leukemic and normal monocytes. J 
Exp Med 162:1111-1116 

44. Herrmann F, Cannistra SA, Griffin JD 
(1986) T-cell-monocyte interactions in the 
production of humoral factors regulating 
human granulopoieses in vitro. J Im
munol136:2856-2863 

313 



45. Todd RF, Nadler LM, Schlossman SF 
(1981) Antigens on human monocytes 
identified by monoclonal antibodies. J 
ImmunoI126:1435-1441 

46. Reinherz EL, Kung PC, Goldstein G, 
Levy RH, Schlossman SF (1980) Discrete 
stages of human intrathymic differentia
tion: analysis of normal thymocytes and 
leukemic lymphoblasts of T lineage. Proc 
Natl Acad Sci USA 77:1588-1592 

47. Stashenko P, Nadler LM, Hardy R, 
Schlossman SF (1980) Characterization of 
a human B-Iymphocyte-specific antigen. J 
ImmunoI125:1678-1685 

48. Hercend T, Griffin JD, Bensussan A, 
Schmidt RE, Edson MA, Brennan A, 
Murray C, Daley JF, Schlossman SF, Ritz 
J (1985) Generation of monoclonal anti
bodies to a human natural killer clone. 
Characterization of two natural killer-as
sociated antigens, NKH IA and NKH 2, 
expressed by subsets of large granular 
lymphocytes. J Clin Invest 75:932-943 

49. Fox DA, Hussey RE, Fitzgerald A, Ben
suss an A, Daley JF, Schlossman SF, Rein
herz EL (1984) Activation of human 
thymocytes via the 50 kD T -11 sheep 
erythrocyte binding protein induces the 
expression of interleukin-2 receptors on 
both T -3 ( + ) and T -3 (-) populations. J 
Immunol134:330-337 

50. Kunkel SL, Chensue SW, Phan SH (1986) 
Prostaglandins as endogenous mediators 
of interleukin-1 production. J Immunol 
136:186-192 

51. Uchiyama T, Broder S, Waldmann TA 
(1981) A monoclonal antibody (anti
TAC) reactive with activated and func
tionally mature human T cells. J Immunol 
126:1393-1399 

52. Rubin LA, Kurman CC, Biddison WE, 
Goldman ND, Nelson DL (1985) A mono
clonal antibody, 7G7/B6, binds to an epi
tope on the human interleukin-2 receptor 
that is dinstinct from that recognized by 
IL-2 or anti-TACo Hybridoma 4:91-102 

53. Mizel SB, Oppenheim JJ, Rosenstreich 
DL (1978) Characterization of lympho
cyte-activating factor produced by macro
phage cell line P388D1. I. Enhancement 
of LAF production by activated T -lym
phocytes. J Immunol 90: 1497 -1502 

54. Conlon PJ (1983) A rapid biological assay 
for the detection of interleukin-1. J Im
munol131:1280-1285 

55. Gillis S, Ferm MM, Ou W, Smith KA 
(1978) T-cell growth factor, parameter of 

314 

production and a quantitative micro assay 
for activity. J Immunol 120: 2027 - 2034 

56. Kasahara T, Hooks JJ, Dougherty SF, Op-
. penheim JJ (1983) Interleukin-2-mediated 

immune interferon (lFN-gamma) produc
tion by human T cells and T-cell subsets. 
J Immunol 130: 1784-1792 

57. Reem GH, Yeh NH (1984) Interleukin-2 
regulates the expression of its receptor 
and synthesis of gamma-interferon by hu
man T-Iymphocytes. Science 225:429-
430 

58. Vilcek J, Henriksen-Destefano D, Siegel 
D, Klion A, Robb RJ, Le J (1985) Regula
tion of IFN-gamma induction in human 
peripheral blood cells by exogenous and 
endogenously produced interleukin-2. J 
Immunol 135: 1851-1856 

59. Palacios R (1984) Production of lympho
kines by circulating human lymphocytes 
that express or lack receptors for inter
leukin-2. J Immuno! 132: 1833 -1840 

60. Svedersky LP, Nedwin GE, Goeddel DV, 
Palladino MA (1985) Interferon-gamma 
enhances production of lymphotoxin in 
recombinant interleukin-2-stimulated pe
ripheral blood mononuclear cells. J Im
munol134:1604-1608 

61. Kelley VE, Fiers W, Strom TB (1984) 
Cloned human interferon-gamma, but not 
interferon-beta or interferon-alpha, in
duces expression of HLA-DR determi
nants by fetal monocytes and myeloid 
leukemic cell lines. J Immunol 132:240-
245 

62. Sztein MB, Steeg PS, Johnson HM, Op
penheim JJ (1984) Regulation of human 
peripheral blood monocyte DR antigen 
expression in vitro by lymphokines and 
recombinant interferons. J Clin Invest 
73:556-565 

63. Newton RC (1985) Effect of interferon on 
the induction of human monocyte secre
tion of interleukin-1 activity. Immunol
ogy 56:441-449 

64. Williamson BD, Carswell EA, Rubin BY, 
Prendergast JS, Old LJ (1983) Human tu
mor necrosis factor produced by human 
B-cell lines: synergistic cytotoxic interac
tion with human interferon. Proc Nat! 
Acad Sci USA 80: 5397 - 5402 

65. Nedwin GE, Svedersky LP, Bringman TS, 
Palladino MA, Goeddel DV (1985) Ef
fects of interleukin-2, interferon-gamma, 
and mitogens on the production of tumor 
necrosis factor alpha and beta. J Immunol 
135: 2492- 2497 



66. Synder DS, Beller DI, Unanue ER (1982) 
Prostaglandins modulate macrophage Ia 
expression. Nature 299: 163-164 

67. Walker C, Kristensen F, Bettens F, 
Deweck AL (1983) Lymphokine regula
tion of activated (G-1) lymphocytes. I. 
Prostaglandin E2-induced inhibition of 
interleukin-2 production. J Immunol 
130: 1770-1778 

68. Chouaib S, Welte K, Mertelsmann R, Du
pont B (1985) Prostaglandin E2 acts at 
two distinct pathways of T-Iymphocyte 
activation: inhibition of interleukin-2 pro
duction and downregulation of transfer
rin receptor expression. J Immunol 
135: 1172-1179 

69. Stone-WolffDS, Yip YK, Kelker HC, Le 
J, Henriksen-Destefano D, Rubin BY, 
Rinderknecht E, Aggarway BB, Vilcek J 
(1984) Interrelationship of human inter
feron-gamma with lymphotoxin and 
monocyte cytotoxin. J Exp Med 159: 828-
843 

70. Russel SW, Pace JL (1984) Gamma-inter
feron interferes with the negative regula
tion of macrophage activation by 
prostaglandin E2. Mol Immunol 21:249-
255 

71. Dubreuil P, Mannoni P, Olive D, Win
kler-Lowen B, Mawas C (1985) Expres
sion of T-cell-related antigens on cells 
from the myelomonocytic lineage. In: 
Reinherz EL, Haynes BF, Nadler LM, 
Bernstein ID (eds) Leukocyte typing II, 

vol1. Springer, Berlin Heidelberg New 
York, p 335 

72. Saito H, Bourinbaiar A, Ginsburg M, Mi
nato K, Ceresi E, Yamada K, Machover 
D, Breard J, Mathe G (1985) Establish
ment and characterization of a new hu
man eosinophilic leukemia cell line. Blood 
66: 1233 -1241 

73. Khansari N, Chou YK, Fudenberg HH 
(1985) Human monocyte heterogeneity: 
interleukin-l and prostaglandin E2 pro
duction by separate subsets. Eur J Im
munol 15:48-51 

74. Hayari Y, Kubulansi T, Globerson A 
(1985) Regulation of thymocyte prolifera
tive response by macrophage-derived 
prostaglandin E2 and interleukin-1. Eur J 
Immunol 15:43-47 

75. Koretzky GA, Elias JA, Kay SI, Rossman 
MD, Nowell PC, Daniele RP (1983) 
Spontaneous production of interleukin-1 
by human alveolar macrophages. Clin Im
munol Immunopathol 29: 443 -450 

76. Koyasu S, Yodoi J, Nikaido I, Tagaya Y, 
Taniguchi Y, Honjo T, Yahara I (1986) 
Expression of interleukin-2 receptors on 
interleukin-3-dependent cell lines. J Im
munol 136:984-987 

77. Arenzana-Seisdedos F, Virelizier JL, Fiers 
W (1985) Interferons as macrophage-acti
vating factors. III. Preferential effects of 
interferon-gamma on the interleukin-1 
secretory potential offresh or aged human 
monocytes. J Immunol 134:2444-2451 

315 


