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Interferon GammaDrastically Modifies the Regulation
of Interleukin 1 Genes by Endotoxin in U937 Cells
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Abstract

IL-la, IL-1l3, and tumor necrosis factor a (TNF-a) gene ex-
pression is induced by LPS (endotoxin) in monocytes/macro-
phages and in some monocytic cell lines. IFNy and la,25-di-
hydroxyvitamin D3 (1,25[0H12D3) are important macrophage-
activating factors. They induce changes in the human
monocyte cell line U937 that reflect cellular differentiation.
Wehave studied the effect of IFN-'y and of 1,25(OH)2D3 on
the expression of IL-1 and TNF-a messenger RNAin response
to LPS. The induction of these genes by LPS is immediate and
transient, with a maximum in 3 h. Preincubation of the cells
with IFN--y or with 1,25(OH)2D3 increases these mRNAre-
sponses to LPS about fourfold.

More importantly, cells exposed to IFN-y for 72 h exhibit
a drastically different and unexpected pattern of IL-la and
IL-lf gene response to LPS. Instead of the normal transient
response, one then observes a sustained increase in IL-la and
IL-I 6 gene expression over at least 16 h after LPS stimulation.
This was measured both at the level of mRNAand by direct
transcription assays (run-off). This striking effect of IFN-"y on
the kinetics of IL-1 gene response does not apply to the TNF-a
gene. Interestingly, 1,25(OH)2D3, which shares with IFN--y a
number of important effects on monocytes/macrophages, does
not affect the kinetics of IL-1 gene response to LPS. In view of
the biological relevance of endotoxin as a macrophage activa-
tor, the potential clinical implication of this prolonged induc-
tion of IL-I gene expression is discussed. (J. Clin. Invest.
1990. 85:185-191.) endotoxin * gene regulation - interferon ye
interleukin 1

Introduction

Several distinct signals are capable of activating monocytes/
macrophages to express new phenotypic markers such as spe-
cific enzymes and surface antigens or to secrete specific cyto-
kines (1, 2). Distinct macrophage activation programs can be
recognized. For instance, endotoxin activates the IL-1 and
tumor necrosis factor a (TNF-a)' genes, resulting in an in-
crease in the production of these cytokines (2, 3), while IFN-'y
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induces the expression of the MHCclass II genes, with a re-
sulting increase in the surface expression of class II antigens
(3). A number of biological and clinically important molecules
are expressed by activated macrophages and yet the complex
interactions involved in this activation process are still poorly
understood. Since certain activators can affect the maturation
and differentiation of monocytes/macrophages, it is of interest
to explore if such changes can affect the response of mono-
cytes/macrophages to specific stimuli. Two important modu-
lators of monocytes/macrophages, IFN-'y or 1a,25-dihydroxy-
vitamin D3 (1 ,25[0HJ2D3) (4, 5), were chosen to study possible
effects on the pattern of subsequent activation of IL- 1 and
TNFgenes in response to endotoxin.

Interleukin- 1 a and /3 and TNF-a are pleiotrophic macro-
phage products that share a large number of biological proper-
ties ranging from the induction of fever to the activation of T
lymphocytes (6, 7). Both IL-l and TNFare induced in mono-
cytes/macrophages or in the monocytic cell line THP1 by LPS
or endotoxin, and this induction process is known to involve
the activation of the relevant genes (8, 9). The induction of the
IL- 1 gene in THP1 cells in particular has been studied in de-
tail, and it was shown that LPS activates IL- I# gene transcrip-
tion very rapidly and only in a transient fashion (10). The
existence of a repressor of IL- 1 gene transcription, responsible
for the remarkably short duration of the transcription process,
has been postulated.

Wehad observed earlier that preincubation of the mono-
cytic cell line U937 with IFN-'y affects the response of these
cells with respect to IL- 1, PGE2, and superoxide production
(1 1). Wehave now analyzed the expression of IL- 1 and TNF
genes in these cells in detail and observed that preincubation of
cells with either IFN-'y or 1,25(OH)2D3 potentiates the effect of
LPS on the induction of IL- 1 and TNFgenes.

More importantly, cells pretreated with IFN-'y for an ex-
tended period of time (72 h), exhibit a drastically different
pattern of IL- 1 gene activation by LPS, with a sustained in-
crease in IL- 1 a and 3 gene expression, in contrast to the short
pulse of IL- 1 expression observed in control cells. Interest-
ingly, a similar preincubation of U937 cells in the presence of
1,25(OH)2D3 does not alter the kinetics of IL-l gene response
to LPS, indicating distinct effects of IFN-y and 1,25(OH)2D3
on the mechanism of IL- 1 gene regulation in monocytes/mac-
rophages.

Methods

Cell culture. U937 cells (a monocytic cell line derived from an histio-
cytic lymphoma [ 12]) were maintained as suspension cultures in com-
plete RPMI 1640 medium (Gibco Laboratories, Grand Island, NY)
supplemented with 10% FCS (Gibco Laboratories), 2 mMglutamine,
100 U/ml penicillin, and 100 jsg/ml streptomycin. Cultures were incu-
bated at 37°C in a humidified atmosphere containing 5%CO2. Several
sublines of U937 cells were obtained from different laboratories and
found to exhibit different patterns of response to LPS, including no
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induction of IL- I mRNA.A U937 line showing the best induction of
IL- I mRNAby LPS was chosen for further studies.

Reagents. LPS derived from Escherichia coli 055:B5 (Difco Labo-
ratories, Inc., Detroit, MI) was prepared in sterile calcium and magne-
sium-free PBSand used at 20 g/ml. Phorbol myristate acetate (PMA),
(Sigma Chemical Co., St. Louis, MO) was dissolved in DMSOto a
concentration of 2 mg/ml, stored at -70'C, and used at 5 ng/ml.
Recombinant human IFN-'y at a specific activity of 21 X 106 U/ml (gift
from Biogen Inc., Cambridge, MA) was used at 500 U/ml.
1,25(OH)2D3, a gift from Hoffmann-La Roche Inc., Basel, was stored
at -20'C in ethanol and used at 4 ng/ml (10 nM).

Cell stimulation. U937 cells were cultured at 0.5 X 106 cells/ml in
100-mm-diam tissue culture dishes. IFN-'y (500 U/ml) or
1,25(OH)2D3 (4 ng/ml = 10 nM) were added to the cell culture for 24
or 72 h. The cells were then washed in PBS and stimulated in fresh
medium with LPS (20 Ag/ml) or PMA(5 ng/ml) for the time indicated.

RNApreparation. Total RNAfrom 5 X 106 stimulated and control
U937 cells was extracted by the guanidine isothiocyanate method as
described (13) and purified by cesium chloride density gradient centrif-
ugation.

RNAanalysis. For Northern blot analysis, 10-Ag samples of total
guanidine-CsCl-purified RNAwere denatured with glyoxal (14), frac-
tionated on 1.4% agarose gel, and transferred to Biodyne A nylon
membranes (Pall Corp., Glen Cove, NY). Blots were prehybridized for
4 h and hybridized with 32P-labeled RNAprobes (15) for 16-20 h at
60°C in 50% formamide, 50 mMPipes (pH 6.8), 0.8 MNaCl, 2 mM
EDTA, 0.1% SDS, 2.5X Denhardt's solution, 100 ,ug/ml sonicated
denatured herring sperm DNA, 1 mg/ml yeast RNA. Final washes of
filters were done at high stringency (0.2x SSC, at 78°C) for IL-1, and
TNF-a, and at lower stringency (lx SSC, at 75°C) for IL-la. Blots
were exposed to XAR-5 films (Eastman Kodak Co., Rochester, NY) at
-70°C with intensifying screens.

DNAprobes. DNAclones used in these experiments were pSP64
subclones of IL-la, IL-Ifl, and TNF-a cDNAs. For IL-la, the internal
1,150-bp Sca I-Eco RI fragment of a human cDNA clone (16) was
subcloned into the SmaI-Eco RI sites of pSP64. For IL- I fl, the internal
960-bp Pst I-Hpa II fragment of a human cDNA clone (17) was sub-
cloned into the Pst I-Sma I sites of pSP64. For TNF-a, the internal
980-bp Pst I-Hind III fragment of a human cDNAclone (generous gift
from W. Fiers, University of Ghent, Belgium [ 18]) was subcloned into
the Pst I-Hind III sites of pSP64. Plasmid pSP64 DNAand pSP64
subclone of a actin cDNA ( 19) were used as controls in nuclear tran-
scription assay.

Nuclear transcription assay. The nuclear transcription assay was
performed essentially as described (20). After stimulation, U937 cells
(108) were lysed for 10 min at 0°C in buffer A (60 mMKCI, 15 mM
NaCl, 0.15 mMspermine, 0.5 mMspermidine, 15 mMHepes [pH
7.5], 14 mMbeta-mercaptoethanol) containing 0.5% of NP-40. The
homogenate was layered over a 10-ml cushion of 30% sucrose in buffer
A and nuclei were pelleted for 10 min at 3,000 rpm, 4°C, in a rotor
(Model HB4; Sorvall Instruments Co., Norwalk, CT). The nuclei were
resuspended in nuclei storage buffer (20 mMTris-HCI [pH 81, 75 mM
NaCl, 0.5 mMEDTA, 0.85 mMDTT, 0.125 mMPMSF, 50% (vol/
vol) glycerol), sedimented for 2 min at 4°C, and resuspended in nuclei
storage buffer at - 2 X 10' nuclei/,l. Nuclei were stored at -70°C for
several weeks without loss of activity. For the in vitro elongation reac-
tion, - 1-2 X 107 nuclei were incubated for 10 min at 26°C in 100 Ml
of 100 mMTris-HCI (pH 8), 50 mMNaCl, 0.4 mMEDTA, 0.1 mM
PMFS, 1.2 mMDTT, 350 mM(NH4)2SO4, 1 mg/ml heparine sulfate,
4 mMMnC12, 2.5 MM[a-32P]UTP, 400 Ci/mmol, 1 mMeach of GTP,
ATP, and CTP, 29% glycerol, 10 mMcreatine phosphate, 100 ,g/ml
creatine kinase, and 400 U/ml ribonuclease inhibitor (Promega Biotec,
Madison, WI). Labeled RNAwas extracted from the mixture reaction
as follows. The reaction was terminated by an incubation at 80°C for 3
min. 100 Mg of yeast RNAwas then added and the sample was treated
at 26°C for 10 min with 250 U/ml of RNase-free deoxyribonuclease I.
The reaction was deproteinated by incubation at 42°C for 30 min in
1% SDS, 5 mMEDTA, 10 mMTris-HCl (pH 7.5), 150 Mg/ml of

proteinase K and by subsequent phenol-chloroform extractions. RNA
was precipitated twice with 2 MNH4acetate and 1.5 vol of ethanol for
5 min at 0C to eliminate the nucleotide contaminants. The 32P-la-
beled RNAwas denatured 2 min at 100IC and then hybridized to 1.5
Mg of each denatured DNAsample that were applied to nitrocellulose
filters (No. BA85; Schleicher & Schuell, Inc., Keene, NH) and baked
for 2 h at 800C. The filters were prehybridized for 48 h, and hybridized
with 15 X 106 cpm/ml of in vitro elongated RNAfor 2 d at 420C in
50% formamide, 50 mMNaPO4(pH 7), 0.75 MNaCi, 0.5% SDS, 2
mMEDTA, lOX Denhardt's solution (1X Denhardt's solution
= 0.02% BSA, 0.02% Ficoll, 0.02% polyvinylpyrrolidone), and 100
Mg/ml of sonicated denatured salmon sperm DNA. After hybridiza-
tion, filters were washed 10 min at 370C in 2x SSC, 50 mMNaPO4
(pH 7), 0.5% SDS, I h at 650C in 0.IX SSC, 50 mMNaPO4(pH 7),
0.5% SDS, 10 min at room temperature in 2X SSC, 50 mMTris-HCl
(pH 7), 0.1% SDS, and then treated for 10 min at 37°C with RNase A.
Blots were dried and exposed to Kodak XAR-5 films at -700C with
intensifying screens.

Results

Effect of IFN-,y and 1,25(OH)2D3 on LPS or PMA-
induced IL-I and TNF-a gene expression
Effect of IFN--y preincubation on the activation of IL-] and
TNFgenes in U937 cells. It was observed initially that several
lines of U937, obtained from different laboratories, exhibited
slightly different properties, for instance with respect to induc-
tion of HLA class II by IFN-y or induction of IL-1 by LPS.
While one such line showed no IL-I response to LPS, as has
been reported by others (21, 22), other lines responded to LPS,
as judged by IL-I bioassays and mRNA. One such line of
U937 cells was used for all experiments, and its responsiveness
to LPS was documented in detail. Fig. 1 shows that LPS alone
induces IL-I mRNA, and Fig. 2 A shows the kinetic of the
response with a maximum level at 3-4 h and subsequent de-
cline. Preincubation with either medium alone (C), IFN-,y, or
1,25(OH)2D3, without subsequent activation by LPS (-), does
not induce IL-I mRNA(Fig. 1 A, lanes 1-3). Weobserved
only a slight effect of IFN-,y on TNF-a mRNA(Fig. 1 B, lanes
I and 2). Hybridization to RNAof large size (mainly 28S) is
nonspecific as frequently observed with SP6 probes. Treat-
ment of U937 cells with LPS induces IL-I a and (3 mRNA,as
well as TNF-a mRNA(Fig. 1, A and B, and Fig. 2 A).

Since it was observed earlier that preexposure of U937 to
IFN-y modified the response of these cells (1 1), we analyzed
the effect of preincubation of U937 cells with IFN-'y on the
subsequent induction of IL-I by LPS. As shown in Fig. 1 A,
one observes a strong increase in the IL- I mRNAresponse to
LPS compared with cells not preincubated with IFN-'y. A simi-
lar potentiation of the effect of LPS was seen in the case of
IL- Ia mRNA(data not shown) and TNF mRNA(Fig. 1 B).
We can therefore conclude that exposure of U937 cells to
IFN-'y has rendered them considerably more responsive to the
LPS stimulatory signal.

PMAis also capable of inducing IL-1 and TNF genes.
Again, preincubation of the cells with IFN-'y resulted in an
increase in the IL-1(3 mRNAresponse to PMAstimulation
(Fig. 1 A). Interestingly, this potentiation of the effect of PMA
is not seen in the case of the TNFresponse, where one observes
instead a reduction of TNFmRNAin cells preincubated with
IFN-y (Fig. 1 B).

Preincubation with J,25(OH)2 vitamin D3 also potentiates
the induction of IL-i by LPS. U937 cells were also preincu-
bated with 1,25(OH)2D3 and tested for their response to LPS
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Figure 1. Northern blot analysis of IL-l#6 and TNF-a mRNA.U937
cells were preincubated without (control = C) or with IFN-'y (500
U/ml) or 1,25(OH)2D3 (4 ng/ml) for 72 h. The cells were then stimu-
lated without (-) or with LPS (20 ,g/ml) or PMA(5 ng/ml) for 18 h.
10 jg of total RNAwas analyzed by Northern blot hybridization.
The filters were hybridized with IL- Ifi (A) or TNF-a (B) riboprobes.

or to PMA. As seen in Fig. 1 A, one observes under these
conditions a slight potentiation of the LPS response and a very
large increase of the PMAresponse. It can thus be concluded
that, as in the case of IFN--y preincubation, exposure of U937
cells to 1,25(OH)2D3 also modifies their responsiveness to
subsequent activation signals.

Effect of IFN-y and 1,25(OH)2D3 on the kinetics of IL-I
and TNF-a gene expression in response to LPS
LPS response of control cells or after preincubation with IFN-y
for 24 h. In order to study in more detail this effect of IFN-y on

the responsiveness of the monocytic cell line to LPS, we have
carried out a kinetic study of the induction of the different
genes involved under various conditions of prestimulation.
Control cells responded to LPS with a short burst of IL-I or

TNF mRNA, with a maximum around 3 h (Fig. 2 A). As
mentioned above, this response concerns the particular U937
line used in this study, while other such lines are unresponsive
to LPS (21). In the case of another monocytic cell line, THP1,
it has been well documented that the short duration of the

*- IL 1 a

4-TNFa
p....-

:

Figure 2. Kinetics of IL- I a, IL- Ifl, and TNF-a mRNAexpression in
control cells or after prestimulation for 24 h. (A) U937 cells were

stimulated by LPS (20 jig/ml) for 0, 2, 3, 4, 6, and 16 h. Northern
blot analysis: 10 jg of total RNAwere hybridized with 32P-cDNA
probes labeled by random priming for IL- If and TNF-a mRNA. (B)
U937 cells were incubated with IFN-'y (500 jig/ml) for 24 h and then
stimulated by LPS (20 jig/ml) for 0, 0.5, 1, 2, 3, 4, 6, 8, and 16 h. 10

jig of total RNAwere analyzed by Northern blot and hybridized with
RNAprobes for IL-la, IL-Ifl, and TNF-a mRNA.Experiments in

Fig. 1 and Fig. 2, A and B used probes with different specific activity.

mRNAresponse reflects a transient activation of transcription
together with a fairly short half-life of the mRNAs(10). After
preincubation of U937 cells with IFN-'y for 24 h (Fig. 2 B),
there was no significant change in the kinetic of the mRNA
response for IL- a, IL- I fl, or TNF-a, and again the level of all
three mRNAsdeclined after 2-4 h after the beginning of LPS
stimulation.

Preexposure to IFN-,y for 72 h modifies the pattern of IL-I
gene expression in response to LPS. When preincubation of
U937 cells with IFN-'y was carried out for a longer period (72
h), the response to LPS was drastically different (Fig. 3). For
both IL- a and IL- I fl, the level of specific mRNAincreased
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Figure 3. Kinetics of IL- a, IL- I fl, and TNF-a mRNAexpression
after preincubation for 72 h. U937 cells were incubated with IFN-,y
(500 U/ml) for 72 h and then stimulated by LPS (20 Ag/ml) for 0,
0.5, 1, 2, 3, 4, 6, 8, and 16 h. (A) Northern blot analysis of total
RNA(10 jg/lane) hybridized with riboprobe for IL-1: (Northern
blot for IL- a and TNF-a not shown). (B) Densitometric representa-
tion scanning of autoradiographic films for IL- a (-), IL- I d (o), and
TNF-a (0) mRNA.

gradually around 2-3 h after the addition of LPS and more

importantly, the level of newly made IL- mRNAwas main-
tained at a high level for as long as 16 h (Fig. 3). This unusual
and sustained pattern of IL-1 gene activation in response to
LPS was observed on several independent experiments and
after 72 h of preexposure to IFN-y.

To explore further this effect of IFN-,y on the prolonged
IL-1 mRNAresponse to LPS, we analyzed the state of IL- la
and A gene transcription under these conditions by run-off
experiments. As seen in Fig. 4, cells pretreated with IFN-'y for
72 h responded to LPS with continuous transcription of the
IL- a and genes.

Contrary to what was observed with IL- genes, the same

prolonged preincubation with IFN-,y had much less effect on

the kinetics of appearance of TNF mRNA(Fig. 3, open dia-
mond). Thus, IFN-,y had modified the pattern of response of
the IL- I a and IL- f genes to LPS without altering the response
of the TNFgene.

0 2 6 16

Figure 4. Nuclear transcription assays. Nuclei (2 X 1O') were pre-

pared from U937 cells cultured for 72 h in the presence of IFN--y,
then stimulated with LPS for 0, 2, 6, and 16 h. Purified 32P-labeled
transcribed RNAwere hybridized to 1.5 gtg of dot-blotted subclones
of IL- Il, IL- I a, and a actin cDNAs. pSP64 plasmid DNAwas used
as negative control.

Comparison between the effect ofpreincubation with IFN--y
or J,25(OH)2D3 on the kinetics of IL-I gene activation. Fig. 5
summarizes the time course of IL- I and TNFmRNAresponse

to LPS after preincubation with either IFN-,y or 1,25(OH)2D3.
In all three panels, cells were preincubated for either 24 h (open
circles) or 72 h (closed circles). The kinetics of IL-I gene ex-

pression is drastically affected by IFN-'y (panel A), and Fig. 4
has shown that this pattern reflects continuous IL- I gene tran-
scription. Curiously, this sustained increase observed for IL- I

mRNAdoes not apply to the TNFgene (panel B). WhenU937
cells were preincubated with 1,25(OH)2D3 instead of IFN-y
and the kinetic of activation of the IL-I gene analyzed, no

significant difference was seen in the pattern of mRNAex-

pression compared with control cells (panel C).

Discussion

The kinetics of IL-I gene expression in response to LPS are

modified by prior exposure to IFN-y. LPS is a physiological
inducer of the transcription of both IL- I and TNFgenes, and
this process is characteristically of short duration in mono-

cytes/macrophages. In the monocyte cell line THPI, one ob-
serves shortly after induction by LPS a repression of transcrip-
tion of the IL- I gene, and it was suggested that this "clamping"
effect is the result of a transcriptional repressor factor (10).
This rapid repression of IL- I gene expression results in a burst
of IL- I mRNAand a burst of IL- I in response to LPS (10). A
number of other genes have also been shown to be activated
transcriptionally in a transient manner with evidence for
short-lived repressor molecules (23-25).

Although U937 cells were described as being unresponsive
to LPS with respect to ILl genes (21, 22), we have identified
sublines of U937 that do respond to LPS. With such a line, the
induction of IL- 1 mRNAby LPS is also transient with a max-

imum around 3-4 h (Fig. 2 A). These differences may reflect
the state of differentiation of different sublines of U937 after a

very large number of generations.
The second conclusion from the work reported here is that

the LPS-induced activation of both IL- I and TNFgenes can be
potentiated by prior incubation of U937 cells in the presence
of either IFN--y or 1,25(OH)2D3. We observed that control
cells, as well as cells incubated with IFN-'y for only 24 h,
responded to LPS with a transient burst of IL-I expression
(Fig. 2, A and B).
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Figure 5. Comparison of preincubation of U937 cells with IFN-'y or
1,25(OH)2D3. Cells were preincubated with IFN-y (A and B) and
1,25(OH)2D3 (C). Preincubation time was 24 h, (o) or 72 h, (-). The
mRNAanalyzed were IL-1j3 (A and C) and TNF-a (B).

More importantly, preexposure of U937 cells to IFN-y for
72 h modifies these cells in such a fashion that they now re-
spond to LPS differently. Instead of the short burst of IL-1
gene expression, one observes in these cells a prolonged in-
crease in IL- 1 gene transcription with a gradual accumulation
of IL- 1 mRNA, at least up to 16 h. This surprisingly different
pattern of IL-1 gene response indicates that prolonged expo-
sure of the U937 cells to IFN-'y has modified the mechanism of
IL-1 gene regulation by LPS. In particular, the transcriptional
repressor that is thought to control IL- 1 gene expression may
be no longer operative. This change in the program of IL- 1
gene response to LPS induced by IFN-'y can either reflect a
change in the differentiation state of U937 cells or an indirect
effect of secreted factors acting in an autocrine fashion during
the 72-h preincubation period. The pattern of regulation of
IL- 1 a and ,3 genes has been markedly modified by this prein-
cubation, contrary to what is observed with the TNF-a gene,
indicating subtle differences in the mechanisms of regulation
of IL- 1 and TNFgenes. As observed earlier in monocytes (26),
IL-1fI mRNAwas always much more abundant than IL-la
mRNAin U937 cells, but both were affected in the kinetics of
expression after the preincubation with IFN-,y. Preliminary
experiments on THP1 cells have a similar modification of the
IL- 1 genes in response to LPS after prolonged exposure to
IFN--y, this indicating that in both monocyte lines, the differ-
entiation by IFN-y has led to a change in the pattern of regula-
tion of IL- 1 genes. The effect of the preincubation on the
stimulation of IL- 1 genes by PMAhas not been investigated
further. It is interesting, however, that PMAwas shown to
induce a sustained IL-1,j mRNAresponse in another mono-
cyte cell line (THP 1), suggesting again the existence of differ-
ent patterns of regulation for IL- 1 genes (21).

It is tempting to speculate on the possible physiological
consequences of this drastic change of the time course of IL- 1
gene expression. One of the numerous effects of endotoxin in
vivo is the activation of IL- 1 and TNF genes. On the basis of
the in vitro data, it is likely that this activation process is
normally short-lived. Whenever and wherever a local produc-
tion of IFN-'y may take place such as in the case of viral
infection, one can expect on the basis of the results presented
here, that monocytes will now respond to LPS in vivo with a
sustained production of IL-I. A prolonged IL-1 response to
LPS would have obvious pathophysiological consequences.

Effects of IFN-'y and 1,25(OH)2D3 on human monocytes/
macrophages. IFN-y, which is a major macrophage-activating
factor, enhances oxidative metabolism and antimicrobial ac-
tivity of monocytes as well as tumoricidal activity (1, 2). IFN-y
also enhances the expression of MHCclass II antigens on
monocytes (27). Although IFN--y by itself does not induce IL- 1
secretion by human monocytes, it greatly enhances IL- 1 secre-
tion when monocytes were simultaneously or subsequently
stimulated by LPS or Staphylococcus aureus (28, 29). The
mechanism of this enhanced secretion of IL- 1 is not known. In
the U937 cell line, IFN-y inhibits cell proliferation (30), stimu-
lates antibody-dependent cellular cytotoxicity and the expres-
sion of Fc receptors (31), and induces the ability to generate a
respiratory burst (32). IFN-,y alone does not induce IL- 1 pro-
duction by U937 cells (33).

1 ,25(OH)2D3, which is the active metabolite of vitamin D3
and is well known as a regulator of calcium homeostasis and
bone metabolism in man (34), is also recognized as an im-
munomodulatory hormone (35). 1,25(OH)2D3 is involved in
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myeloid differentiation and affects monocyte/macrophage
functions. Like IFN-"y, 1,25(OH)2D3 activates the oxidative
metabolism (36) and increases IL- I production (37) of freshly
isolated human monocytes. Like IFN-y, 1,25(OH)2D3 also in-
hibits cell proliferation, increases Fc-receptor expression and
antibody-dependent cellular cytotoxicity of U937 cells (38),
and enhances the competence of these cells to produce oxygen
metabolites (1 1). 1,25(OH)2D3 increases IL- 1 production, not
alone but in association with a factor expressed by human T
lymphocytes (39). In contrast to these similarities,
1,25(OH)2D3 differs from IFN--y in its capacity to alter cellular
response to PGE2. 1,25(0H)2D3, but not IFN-y, decreased the
cellular content of adenosine cAMPand shifted the dose-re-
sponse curve in response to PGE2 in U937 cells (40). In con-
trast to IFN-,y, 1,25(OH)2D3 lowered HLA-DR expression on
human peripheral blood monocytes (41).

In view of the striking similarities of the effects of IFN-'y
and 1,25(OH)2D3 on monocytes/macrophages, the observa-
tion of a unique effect of IFN-'y on the regulation of IL- I gene
expression in response to LPS is of interest. Somehow, the
maturation or differentiation steps induced in monocytes by
IFN-y or by 1,25(OH)2D3 must differ. Only IFN-y is capable
of modifying the program of IL- 1 gene regulation in a way that
permits a prolonged expression of IL- 1 genes in response to
endotoxin.
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