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L-1 and 1umor Necrosis Factor-a Each
Up-Regulate Both the Expression of IFN-vy

Receptors and Enhance IFN-y-Induced HLA-DR
Expression on Human Monocytes and a

Human Monocytic Cell Line (THP-1)

“%/
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Asstract. Stimulation of human blood monocytes (adherent mononuclear cells) and the monocytic cell line,
THP-1, by IL-1 or TNF-a leads to the up-regulation of IFN-y receptors. Scatchard analysis using *2"I-IFN-y revealed
a twofold increase in the number of IFN-y receptors on THP-1 cells without an alteration in the affinity of the
receptor. The potential functional significance of this induction of IFN-y receptors on monocytes and THP-1 cells
was investigated by examining the effect of IFN-y on MHC class 1l Ag expression by these cells. Bath tL-1 and
TNF-a enhanced the IFN-y-induced HLA-DR expression (>twofold) and this effect was inhibited by antibody to
IFN-v. In the case of human monocytes, iL-1 or TNF-a, each by themselves also increased HLA-DR expression,
which was also abrogated by antibody to IFN-y. The data suggest that the immunopotentiating effects of IL-1 and
TNF-a are mediated in part by enhancing IFN-y receptor expression on monacytes and macrophages. This
presumably would increase the capacity of IFN-vy to activate macrophages, enabling them to express HLA-DR and
present Ag more effectively. Journal of Immunology, 1993, 150: 1205.

a potent activator of monocytes and macrophages. interest to study the regulation of IFN-+y receptors by cy-

IFN-y initiates its biologic effects by binding to spe-  tokines that synergize with IFN-y. Therefore. we investi-
cific cell-surface receptors on these cells (1, 2). TNF-«a is gated whether IL-1 and TNF-a could affect the binding of
known to synergize with IFN-v, resulting in a number of  IFN-v to its receptors and whether this influences func-
augmented biologic effects, such as antimicrobial and an-  tional effects of IFN-y. such as its capacity to induce the
titumor activity (3, 4). A number of cytokines, including expression of MHC class II Ag on monocytes and the
IL-1 and TNF-a, are known to regulate the expression of ~ monocytic cell tine, THP-1.
receptors for other cytokines and, thereby, amplify their

I FN-v, a lymphokine produced by activated T cells, is biologic responses both in vitro and in vivo (5-12). Itis of

Materials and Methods
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1gG antibody were purchased from Boehringer-Mannheim
ndanapolis. INY. Antiserum against human IFN-y (1)
neutralizing U/ml was obtained trom Interferon Sciences
{New Brunswick. NJ). The speciticity of this antibody was
documented by its ability to block the antiviral activity of
IFN-y but not that of IFN-« or 1IFN-B in WISH cells. This
antibody was also etfective m blocking the HLA-DR en-
hancement induced by IFN-vy, but not that by [L.-4, in
PBMC. Anti-human HLA-DR and puritied mouse 1gG
were from Becton Dickinson (Mountain View, CA}).
OKM1 and Leu M1 tanti-human monocyte/macrophige)
antibodies were kindly provided by Dr. John Orntaldo. LEL
BRMP. National Cancer Institutes. Frederick, MD.

Cell culture

The human monocytic leukemia cell hine. THP-1. was
cultured in RPMI 1640 and 104 FCS at 1 X 10° ¢ellvml
with or without cytokines. Tubes containing 2 mi of cells
were used for '*L-IFN-y binding and 96-well plates with
0.1 ml volume of cell suspension per well were used for
HLA-DR determination.

Human PBMC were isolated by Ficoll-Hypague density
centrifugation of heparinized blood from normal donors.
PBMNC were plated at 0.8 1o 1.5 X 107 cells/well in
2d-well plates (for '**-IFN-vy binding assay) or at (.8 to
1.5 X 10° cells/well in 96-well plates (for HLA-DR assay)
in RPMI containing 104 heat-inactivated FCS and al-
lowed 10 adhere for 2 h at 37°C. Nonadherent cells were
removed by four vigorous washings of the cultures. The
remaining adherent PBMC were 95 to 99% esterase-pos-
itive cells. Cells were then incubated with cytokines for 16
to 19 h before assays of '**I-IFN-y binding or for | to 2
duys before assays of HLA-DR expression.

IFN-vy receptor binding

Binding studies with '**L-IFN-y (sp. act. 675 Ci/mmol.
Amersham. Corp.. Arlington Heights, L) were performed
at 4°C for 80 min in RPMI medium containing 10% heat-
inactivated FCS. 0.1 NaN,. and 20 mM HEPES. For
Scatchard anafysis. THP-1 cetls were incubated with seven
serial twofold dilutions of "=*1-IFN-y. ranging trom 0.1 to
2 nM in the absence or presence of 250-fold molar excess
of unlabeled human rlFN-y (Collaborative Research. Bos-
ton. MA) to determine total and nonspedific binding, re-
spectively. The binding reaction mixture (0.2 mh was then
overlaid on a 209 sucrose gradient and centrifuged
(10.000 % g) for 2 min. Supernatant containing free ligand
was removed and the cpm of '*ILIEN-y bound to cells was
determined by excising tips of tubes and counting them in
a gamma-counter (Beckman Instruments Inc., Irvine, CA).
Nonspecific binding usually did not exceed 25% of the
total binding.

Binding of ""*1-IFN-y 10 human adherent PBMC was

MODULATION OF IEN-y RECEPTORS AND FUNCHON BY iE-1 AND INF-a

determined directly on 24-weil plates. Cells were washed
atter cvtokine treatment with PBS, and 0 3 mil of binding
butfer containing 0.8 nM of ' HIEN-y was added After
binding at 4 C for 80 mun, supernatants were removed and
plates were washed twice with cald PBS contamning 4.1
NaN;. Cells were solubilized with G4 ml of 0.2 N NaOH
and the radioactivity was determined i a gamma-counter
Nonspecitic binding was determined s for THP-1 cells by
using 4 250-fold molar excess of unlabeled humuan rlFN -y,
and was subtracted from total binding to culeulate specific
binding. To calculate the number of receptors and K.
specific binding dita were plotted according 1o Scatchard
(130 A feast sguares linear regression was used to give an
objective measurement of goodness of {it i calculating the

A’\‘ .

Measurement of HLA-DR expression on cells by
ELISA

Cells in 96-well plates were washed with PBS and tixed
with ethanol. Plates were incubated with 50 pi/welf ot PBS
containing 100 pp/ml human G (Sigma Chemical Co.
St. Louis, MO), 10% heat-inactivated FCS, .05 Tween
20. S yl of mouse mAb anti-HLA-DR. or OKM1 or Leu
Mb at 37°C for S0 min. and were washed ice with
buffer (PBS with 2% heat-inactivated FCS and .05
Tween 263 (.1 ml of horseradish perosidase-conjugated
anti-mouse antibody was added to cach well and imcubated
at 37 °C for 30 min. Plates were washed three times and the
bound enzyme was quantitated at 410 nm (MR60OO Micro-
plate Reader. Dynatech. Alexandria. VA) by using 2-2"-
azino-di-(3-cthylbensthiazoline sulfonatey and hyvdrogen
peroxide as substrates (Kirkegaard and Perry Lab, Gaith-
ersburg, MD). Controls of another surface Ag (Leu M1
and OKM1 for THP-1 and monocyies. respectnelyy not
moedulated by cvtokine treatinents were included in zach
experiment.

Results

IL-1 and TNF-a enhance binding of '“*ITN-y to
THP-1 cells and adherent PBMC

Expression of IFN-v receptors on THP-1 cells was as-
sessed by the hinding of 1**I-labeled IFN-v. Table | shows
the effect of varving doses of IL-T and TNF-a on the
expression of IFN-y receptors on these cells. There was
little variation in the induction of these receptors over g
wide dose range (10-200 ng/m) of IL-1. However. TNF-a
at lower concentrations (200 U/mb was not effective.
Thus. after 19 h exposure of these celis to 100 ng/mi H-1,
the binding to 1FN-y receptors increased 1o 146% of the
untreated, medium control (Table Ty TNF-a at 2000 Ul
simifarly increased the binding of IFN-vy to its receptors by
147% .

The time course tor the enhancement of IFN-y receptors
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Table |
Ettect of varving doses of IL-1 and TNF-ac on "“PI1-IFN-y binding
on THP-1 cells
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Table Nl
Up-regtulation of IFN-y receptors by 11 and TNF -« on hurign
penpheral blood monocytes

Spectiic Binding” Specihe Bancsng
Addition” Addition
cem Yo Bound cpm © Bound

Medium 12700 + 800 100 Medium 15400 + 900 HE®
IL-1, 10 ng/ml 18200 = 1200 143 It-1, 100 ng/mi 21700 = 1300 141

100 ng/mi 19000 = 1100 150 TNF-a, 2000 U/ml 22300 = 1700 144

200 ng/ml 18600 * 900 146 j . N = . i
TNF-a, 200 U/ml 14100 = 900 m i~ Adherent PBAMC 1.2 L 107 were treated gt 37 C tor 1908 bBetare -

s o - -y binaog
2000 U/ml 18700 = 800 147

S THP-1 cells (2 x 10" were treated at 37°C tor 16 h betore '<51-IFN-y
binding,
" Average = SD for duplicates from one of two expenments
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FIGURE 1. Time courss of "2*1-ifFNy binding to iL-1 and
TNF-a-treated THP-i cells. THP-1 cells (2 X 10°) were in-
cubated with 100 ng/ml of IL-1 (O} or 2000 U/m! of TNF-a
{A) for various time at 37°C. '#*I-IFN-y binding was deter-
mined with 0.8 nM of '**|-IFN-vy as described in Materials
and Methods. Untreated cells bound 14,000 cpm of '2%-
IFN-y. This quantity was subtracted from the bound cpm
shown.

by IL-1 and TNF-a was also examined. Significant en-
hancement became detectable at 4 h in IL-1 or TNF-a-
treated THP-1 cells (Fig. 1). Enhancement of {FN-vy re-
ceptors was maximal at 17 h.

We next studied the effect of these two monokines on
the expression of IFN-+y receptors on adherent PBMC from
normal adult volunteers. IL-1 and TNF-«a each increased
the binding of '>*1-IFN-y to human PBMC (Table II).
Thus, the amount of bound '*I-IFN-y was increased to
141 and 144% by IL-1 and TNF-a, respectively.

Increase of IFN-v receptor number on THP-1 cells

Stimulation of '2°*I-IFN-vy binding to adherent PBMC and
THP-1 cells may be due to increased receptor affinity or
increased receptor number. To address this issue, THP-1
cells were incubated in the absence or presence of IL-1 at
37°C for 16 h and binding was assayed (Fig. 2). Scatchard
analysis of the binding data revealed that unstimulated
THP-1 cells displayed 3200 receptors per cell with a K4 of

" average = SO 1or duphicates trom one of thress experments
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FIGURE 2. Binding of "“*ILIFN-y to untreated and Ii-1

t eated THP-1 cells. THP-1 cells were incubated with 30
ng/ml of IL-1 (O} or medium (&) for 16 h at 37°C. "“"LIFN-y
binding was determined as described in Materials and Meth-
ods.

1.4 X 107" M, whereas 6900 receptors per cell with a K
of 1.5 X 107" M were found on IL-1-treated cells (Fig. 3).
Thus. the increase in IFN-y binding capacity upon IL-1
treatment on THP-1 cells was caused by an increase in the
receptor number and was not due to an alteration in the
affinity of binding. Due to the high doses of TNF-a used.
we did not assess the affinity of binding in TNF-a-treated
cells by Scatchard analyses.

Enhancement of IFN-y-induced HLA-DR expression
on THP-1 cells by IL-1 and TNF-«

These findings suggested that IL-1 and TNF-a might fa-
cilitate the effects of IFN-y. We and others previously
reported that IFN-v induces monocyte HLA-DR Ag ex-
pression (14—16). We therefore investigated whether the
increase in [FN-vy receptors would lead to an increase in
HLA-DR expression on these cells.

The basal level of HLA-DR expression was low on
THP-1 cells (Fig. 4). 1L.-1 or TNF-a alone did not induce
HLA-DR expression, whereas IFN-y induced HLA-DR in
a dose-dependent manner. 1L.-1 enhanced the IFN-y induc-
tion of HLA-DR on THP-1 cells by up to twofold at
various concentrations tested. Similar results were ob-
tained with TNF-a and IFN-y; HLA-DR expression was
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FIGURE 3. Scatchard analysis of '**I-IFN-y binding to un-
treated and IL-1-treated THP-1 cells. Data were taken from
Figure 2 and replotted according to Scatchard. Shown is one
representative c.goriment of two.
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FIGURE 4, Enhancement of IFN-y-induced HLA-DR ex-

pression on THP-1 cells by IL-1 and TNF-a. THP-1 cells (1 X
107} were cultured in the presence of IL-1 (100 ng/ml), TNF-a
(2000 U/mh), IFN-y (U/ml as indicated), anti-IFN-y (50 neu-
tralizing unitml) or medium alone for 48 h at 37°C. Cells
were quantitated for HLA-DR expression by ELISA. Data
were normalized to the surface expression of an unmodu-
lated antigen by using Leu M1 antibody (OD,,, = 0.42). Bar
represents the mean and the SD of duplicates. Results were
representative of three experiments.

progressively increased with greater doses of IFN-y used
in these experiments (10 to 400 U/ml). The enhancement
of HLA-DR expression by cytokines was maximal at 48 h
(data not shown). Leu MI. a marker for human my-
elomonocytic cells, was used as a control, and its expres-
sion was not altered by these cytokine treatments. Antise-
rum to IFN-y blocked both the IL-1 and [FN-y as well as
TNF-a- and IFN-y-induced HLA-DR expression com-
pletely.
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FIGURE 5. Enhancerientun (1ta-DR expession on humiat

monocytes by IL-1, TNF-a, and IFN-y. Adherent PBMC i1
10%) were cultured in the presence of IL-1 (100 ng/mh, TNF-q
(2,000 Ufml, IFN-y (U/mil as indicateds, anti-IFN-y (50 NL:
ml}, or medium alone for 48 h at 37°C. Cells were quant-
tated for HLA-DR expression by ELISA. Data were normal-
ized to the surface expression of an unmaodulated Ag by using
OKM1 antibody (ODy0 = 0.72). Differences in HLA-DR
expression were analyzed for significance by Student’s (-tedt
for paired samples (*p = 0.06, **p = 0.01, ***p = 0.01:.
Results were representative of three experiments.

The enhancement of IFN-y induced HLA-DR expres-
sion on THP-1 cells by IL-1 or TNF-a was seen only if
cells were treated first with [L-1 or TNF-a and then with
IFN-y, or simultaneously with IL-1 and IFN-y or TNF-a
and IFN-y (data not shown), When the treatment with
IFN-vy preceded that with IL-1 or TNF-a. HLA-DR induc-
tion could be accounted for by the action of FFN-v alone.
Thus, there was a temporal correlation between 1L-1- or
TNF-a-induced increases in IFN-y binding and the sub-
sequent HLA-DR enhancement.

Enhancement of HLA-DR expression on adherent
PBMNC by IL-1, TNF-a and IFN-y

We further examined the relationships of these c¢yvtokines
to the induction of MHC class 11 Ag on PBMC from
normal adult volunteers. Consistent with our previous
observation. the constitutive level of HLA-DR Ag on
PBMC was quite high (OD = 0.54) (Fig. 5). IFN-vy further
raised this level at the various concentrations tested. De-
spite previous reports that IL-1 does not directly induce
class T MHC on macrophages (17, 18). we observed that
IL-1 alone significantly enhanced HLA-DR expression on
adherent PBMC above the basal level (OD = 0812,
TNF-a also induced HLA-DR expression by itself.
Furthermore, as with the THP-1 cells, both IL-1 and
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TNF-a potentiated the IFN-y-induced HLA-DR expres-
sion at different doses.

We also investigated whether the induction of MHC
class II Ag on adherent PBMC was mediated by 1FN-y.
This possibility was supported by the complete inhibition
of HLA-DR expression by anti-IFN-vy antibedies when
IL-1 and IFN-vy or TNF-a and IFN-y were used (Fig. 5).
Anti-IFN-y also abrogated the IL-1-mediated induction of
HLA-DR expression on these cells. Collectively, these
data suggest that increased induction of IFN-y receptors
by IL-1 and TNF-a leads to an enhancement of MHC class
II expression on monocytes and THP-1 cells.

Discussion

IL-1 was initially described by immunologists as a mac-
rophage-derived cytokine with comitogenic effects on thy-
mocytes and T lymphocytes (19). In the intervening years,
IL-1 has been found to be produced by many other cell
types and to have pleiotropic activities (20). Ironically, the
paradigm that IL-1 participates in promoting the activation
of T lymphocytes by APC has been challenged by recent
experiments showing that neither anti-IL-1 receptor anti-
bodies to the type I IL-1R nor IL-1 receptor antagonist has
the capacity to interfere with APC-mediated activation of
in vitro lymphoproliferation responses (21, 22). Neverthe-
less, in vivo administration of IL-1 has considerable ad-
juvant effects and can enhance cellular (23) as well as
humoral immune responses (24, 25). The basis for the
immunopotentiating effects of IL-1 is therefore now less
clear than ever. IL-1 is still believed to promote the pro-
duction of IL-2 (26) and the expression of the IL-2Ra
chain by T and B lymphocytes (27). IL-1 may also aug-
ment immune responses by inducing other immunostimu-
lant cytokines such as IL-4 (28). IL-6 (29). and TNF-«a
(30).

TNF-a was initially discovered as a serum antitumor
activity (31) and only recently found to have many immu-
nopotentiating activities that overlap with those of IL-1.
perhaps mediated by induction of IL-2Ra (32). TNF-a
also is a comitogen for thymocytes (33), but unlike IL-1,
TNF-a has previously been reported to induce IFN-vy pro-
duction (32) and to costimulate with IFN-y MHC class 11
expression (34, 35). These capabilities may contribute to
the immunostimulant effects of TNF-« in promoting tu-
mor immunity (36) and enhancing antibody production in
vitro and in vivo (37, 38),

Qur experiments show for the first time that both IL-1
and TNF-a have the capacity to increase the number of
binding sites for [FN-vy up to twofold on cultured. adherent
human mononuclear cells, and on homogeneous THP-I
cells. The effect of this increase in IFN-vy binding on the as
yet unidentified signal transducing peptide for TFN-y,
which is coded for on chromosome 21 (39), remains 1o be

Y

established. However, we were able to show up to twotold
increases in MHC clbiss 11 Ag expression on -1 plus
IFN-y as well as on TNF-a plus IFN-y-stimulated mono-
nuclear and THP-1 cells. Although this merely represents
a correlation, nevertheless the relationship between the
up-regulation in IFN-y binding and class {l expression was
reinforced by the observation that the latter change could
be compietely blocked by antibody to IFN-y. The antibody
to IFN-y even blocked the increase in class I expression
by mononuclear cells. which was induced by LT or
TNF-a by themselves. presumably becuuse some of the
contaminant T cells produced low levels of the [FN-y
costimulant. This view is supported by the inabidity of
either 1L.-1 or TNF-a to induce MHC class H receptors on
“pure” THP-1 cells. despite the up-regulation of the [FN-y
binding.

These findings are consistent with a report of a direct
correlation of the degree of response to IFN-y and the
number of IFN-y receptors on different tumor cells 30y
cells with higher number of IFN-y receptors responded to
lower concentrations of 1FN-y. Other reports on the mag-
nitudes of induced cytokine receptor levels and their bro-
logic responses vary. For example. TNF-c increased the
high-affinity IL-2 receptors on T cells by SO% und on
hanced the proliferative response by 20% (6). Up to two-
fold (5. 7. 8. 12) and occasionally higher levels (9-11) of
receptor induction have also been observed. We do not
know whether IL-1 or TNF-« is involved n augmenting
signal amplification pathways subsequent to receptor
binding.

The magnitude of the increase of IFN-y receptors by
IL-1 or TNF-a on adherent PBMC or THP-1 cells agrees
with reports of other cviokine-induced receptor levels
(5-8. 12). A number of other cytokines including IL.-4.
IL-6, and IL-10 did not induce 1FN-y receptors (data not
shown). Thus, this activity was unique for IL-1 and
TNF-a. Although the constitutive level of HLLA-DR was
high in adult adherent PBMC. both 1L-1 and TNF-« were
capable of increasing this basal level further. The combi-
nation of cytokines, either IL-1 and IFN-y or TNF-a and
IFN-v. enhanced the HLA-DR expression even further.
This enhanced HLA-DR expression is important for hio-
logic function because it has been shown that T cell pro-
liferative response to Ag is proportional to the number of
la molecules on the surface of APC (41).

Reports on the mechamsm for the increase of 1FN-y
receptors by TNF-«« were published recently (42, 43).
TNF-a-mediated up-regulation of IFN-y receptors was
due to an increase in transcriptional activity of the IFN-y
receptor gene in THP-1 cells (43). Whether 11.-1 15 simu-
larly upregulating the gene expression for the IFN-y re-
ceptor remains to be ascertained.

The exposure of cells to IL-T or TNF-« had to antecede
or be simultancous with 1IFN-y to obtain enhanced
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HLA-DR expression and the increase in [FN-y receptor
induction anteceded increases in HLA-DR expression.
Furthermore, the induction of HLA-DR expression was
inhibited by cycloheximide (our unpublished observation)
suggesting that new protein synthesis is required for the
enhancement of HLA-DR expression. More studies are
needed to definitively show a causal relationship between
the up-regulation of [FN-y binding and MHC class I
exp.ession. However, this pathway does provide an attrac-
tive means by which IL-1 as well as TNF-a may exen
some of their immunostimulating effects and may contrib-
ute to the protective effects of IL-1 and TNF-a and up-
regulation of class Il MHC by IL-1 and TNF-« recently
detected in normal and SCID mice (44, 45).

Acknowledgments

The authors thank Drs. George Cox. Scott Durum, and Ruth Neta for
critical review: Warren Taylor and Maniyn Buckley for technical assis-
tance in cell preparations: and Bobbi Unger. Debbie Daugherty, and Joan
Fry for assistance in the preparation of this manuscript.

References

I. Celada. A.. R. Allen, 1. Esparza, P. W. Gray, and R. D.
Schreiber. 1985. Demou stration and partial characterization
of the interferon gamma receptor on human mononuclear
phagocytes. J. Clin. Invest. 76:2196.

. Rashidbaigi, A., H. F. Kung, and S. Pestka. 1985, Charac-
terization of receptors for immune interferon in U937 cells
with *?P-labeled human recombinant immune interferon. J,
Biol. Chem. 260:8514.

3. Drapier. J. C.. J. Wietzerbin. and J. B. Hibbs Jr. 1988. Inter-
feron y and tumor necrosis factor induce the r-arginine-
dependent cytoxic effector mechanism in murine macro-
phages. Eur. J. Immunol. 18:1587.

4. Esparza. I.. D. Minnel, A. Ruppel. W. Falk. and P. H. Kram-
mer. 1987, Interferon vy and lymphotoxin or tumor necrosis
factqr.act synergistically to induce macmphage killing of
tumor cells and schistosomula of Schlstqsoma mansoni. J.
Exp. Med. 166:589.

5. Holter. W.. R. Grunow. H. Stockinger. andW Knapp. 1986.
Recombinant interferon-y induces interleukin 2 receptors on
human peripheral blood monocytes. J. Immunol. 136:2171.

6. Scheurich, P.-B. Thoma, U. Ucer, and K. Pfizenmaier. 1987.
Immunoregulatory activity of recombinant human tumor ne-
crosis factor (TNF-a): induction of TNF receptors on human
T cells and TNFa-mediated enhancement of T cell respons-
es. J. fmmunol. 138:1786.

7. Lacey, D. L., and J. M. Erdmann. 1990. IL-1 and IL-4
modulate IL-1 receptor expression in a murine T cell line. J.
Immunol. 145:4145.

8. Tsujimoto. M., Y. K. Yip, and J. Vilcek. 1986. Interferon-
enhances expression of cellular receptors for tumor necrosis
factor. J. Immunol. 136:2441.

9. Shieht J. H.. R. H. Peterson, and M. A. S. Moore. 1991, 1L-1
modulation of cytokine receptors on bone marrow ceils. In
vitro and in vivo studies. J. Immunol. 147:1273.

(e8]

10.

20.

22.

24.

25.

26.

. Scatenard., G.

. Basham, T.. W. Smith. L.

. Gery,

MODULATION OF IFN-y RECEPTORS AND FUNCTION BY iL-1 AND TNF -«

Dubois, C. M., F. W. Ruscetn, S | 1L
Oppenheim, and ;. R Keller, 1992 Hematopoietic growth
factors up-regulate the p6S type 1 IL-1 receptor on bone
marrow progenitor cells in vitro. Blood. In press

W, Jacobson,

. Shieh, J. H.. R H.I- Peterson, D). Wurren, and M. A S

Moore. 1989, Modulaton of colony-stumulating fuctor- | re
ceptors on macrophages by tumor necroswis tactor. J frnu-
nol. 143:2534.

. Sanceau, 1) Wydenes, M. Resel, and J Wietzerbin, 199

I1.-6 and 1L.-6 receptor modulatons by TENy and tumor ne-
crosis factor a in human monocyue cell hine (THP-1,
Immunol. 147:2630

1949, The auraction of proteins tor small

molecules and 1ons. Ann. N Y Acad Sci. 516603

. Steeg. P. S, R.N. Moore. . M. Johnson. and 1. ). Oppen-

heim. 1982, Regulation of munne macrophage Lo eapression
by a lymphokine with immune interteron actinity. Jo Eap
Med. 156:1780.

Lanier V. Morhenn. and T. Mer-
igan. 1984, Regulation of expressivn of i
tocompatibility antigens on human peripheral tioad =0
cytes and Langerhans cells by anterferon. Hum. Immunol,
10:83.

I imayor s

. Sztein. M. B., P. S. Steeg. H. M. Johnson, and J. J. Oppen-

heim. 1984. Regulation of human peripheral hlood moaocyte
DR antigen expression in vitro by lymphokines and recom-
binant interferons. J. Clin. Invest. 73:556.

. Unanue. E. R. 1984, Antigen-presenting function of the mac-

rophage. Annu. Rev. fmmunofl. 2: 395,

. Ponillo, G.. M. Turner. D. Chantry. and M. Feldmann. 1989,

Effect of cytokines on HLA-DR and IL-1 production by a
monocytic tumour, THP-1. Immunolagy 66:1710),

I.. R. K. Gershon, and B H. Waksman, 1972, Poten-
tiation of the T-lymphocyte response to mitogens. I The
responding cell. J. Exp. Med. 136:128.

Oppenheim. J. J.. E. . Kovacs, K. Matsushima, and S R
Durum. 1986. There is more than one intericukin 1,
nol. Today 7:45.

Imim-

. Faherty. D. A, V. Claudy. J. M. Plocinski. K. Kaftka, P

Kilian. R. C. Thompsaon, and W. R. Benjamin. 1992, Failure
of IL-1 receptor antagonist and monoclonal anti-1L-1 recep-
tor antibody to inhibit antigen-<pecific immune responses in
vivo. J. Immunol. 148:766.

Nicod. L. P, F. E. Habre. and J.-M. Dayer. 1992}
recombinant I1.- 1 receptor antagonist does not inhibit human
T-cell proliferation induced by mitogens, soluble antigens or

Natural and

allogeneic determinants. Cyviok.ne 4:29,

. McCurne, C. 1989, Interleukin | as an adjuvant for tamor

vaccines increases survival in mice. Biotherapy 1:355.
Staruch, M. J.. and D. Wood. 1983. The adjuvanticity of
interleukin 1 in vivo. J. Immunol. 130:219].

Giri, J. G, P. W_Kincade, and S. B. Mizel. 1984, Interleukin-
1-mediated induction of kappa-light chain synthesis and sur-
face immunoglobulin expression on pre B cells. J. Immunol.
132:223.

Gillis, S.. and S. B. Mizel. 1981, T-cell lymphoma model for
the analysis of interleukin-T-mediated T-cell activation.
Proc. Nail. Acad. Sci. USA 78:1133.




journal of Immunology

27.

31

[N ]
]

33.

36.

Greenbaum, L. A, J. B. Horowitz, A. Woods. T. Pasqualini,
E. P. Reich, and K. Bottomly. 1988. Autocrine growth of
CD4” T cells: differential effects of IL-1 on helper and
inflammatory T cells. J. Immunol. 140:1555.

. Kupper. T., M. Horowitz, F. Lee. R. Robb, and P. M. Floog.

1987. Autocrine growth of T-cells independent of interleukin
2: identification of interleukin 4 [IL-4, BSF-1) as an auto-
crine growth factor for a cloned antigen-specific helper T-
cells. J. Immunol. 138:4280.

. Kohase. M.. L. T. May. I. Tamm. J. Vilcek, and P. B. Sehgal.

1987. A cytokine network in human diploid fibroblasts: in-
teractions of beta-interferons. tumor necrosis factor, platelet-
derived growth factor, and interleukin-1. Mol. Cell. Biol.
7:273.

. Philip, R.. and L. B. Epstein. 1986. Tumor necrosis factor as

immunomodulator and mediator of monocyte cytotoxicity
induced by itself. IFNy and IL-1. Nanre 323.86.
Carswell, E. A., L. J. Old. R. L. Kassel, S. Green, N. Fiore.
and B. Willlamson. 1975. An endotoxin-induced serum fac-
tor that causes necrosis of tumors. Proc. Natl. Acad. Sci. USA
72.:3666.

. Hackett, R. A L. S. Davis, and P. E. Lipsky. 1988. Com-

parative effects of TNF-a and IL-18 on mitogen-induced T
cell activation. J. Immunol. 140:2639.

Ranges. G. E.. A. Zlownik, T. Espevik, C. A. Dinarello, A.
Cerami. and M. A. Palladino Jr. 1988. Tumor necrosis factor
a/cachectin is a growth factor for thymocytes. J. Exp. Med.
167:1472.

. Chang. R. J.. and S. H. Lee. 1986. Effects of interferon-

gamma and tumor necrosis factor-alpha on the expression of
an la antigen on a murine macrophage cell line. J. Immunol.
137:2853.

3. Pujol-Borrell, R.. 1. Todd. M. Doshi, G. F. Bottazzo. R.

Sutton. D. Gray, G. R. Adolf. and M. Feldmann. 1987. HLA
class II induction in human islet cells by interferon-gamma
plus tumour necrosis factor or lymphotoxin. Nature 326:304.
Palladino. M. A., M. R. Shalaby. S. M. Kramer, B. L. Fer-
raiolo. R. A. Baughman, A. B. Deleo. D. Crase. B. Marafino,
B. B. Aggarwal, 1. S. Figari, D. Liggitt. and J. S. Pattson.
1987. Characterization of the antitumor activities of human

8.

39

40.

41,

43

4.

45.

tumor necrosis factor-alpha and the comparnson with other
cytokines: induction of tmor-specific immunity S fmmu-
nol. 138:4023.

. Kehrl, J.H A Miller, and A. S Faucr. 1987 Ettect of tumor

necrosis factor atpha on mitogen-activated human B celis. J
Exp. Med. 166.756.

Ghiara, P, D. Boraschi, L. Nencioni. P Gheza, and A
Tagliabue. 1987. Enhancement of in vivo immune response
by tmor necrosis factor. J. Immunol. 139:3676

Gibbs, V. C.. S. R, Williams, P. W, Gray. R. D). Schretber. D.
Pennica. G. Rice, and D. V. Goedded. 1991, The extracellular
domain of the human interferon ganmuma receptor mteracts
with a species-specitic signal transducer. Mol Cell Biol,
11:5860.

Ucer. U.. H. Bartsch. P. Scheurich, and K. Plizenmaicr. 1955,
Biological effects of vy interferon on human tumor cells:
quantity and affinity of cell membrane receptors for ¥IFN in
relation to growth inhibition and induction of HLA-DR ex-
pression. Int. J. Cancer 36:103.

Matis. L. A.. L. H. Glimcher. W. E. Paul. and R. H. Schwarts,
1983. Magnitude of response of histocompaubility -restricted
T-cell clones is 4 function of the product of the concentration
of antigen and la molecules. Proc. Narl Acad. Sci. USA
80:6019.

. Raitano. A. B.. and M. Korc. 1990. Tumor necrosis factor

up-regulates y-interferon binding in a human carcinoma cell.
J. Biol. Chem. 265: 10466,

Sanceau, J., G. Merlin. and J. Wictzerbin. 1992 Tumor
necrosis factor a and IL-6 up-regulate IFN-vy receptor gene
expression in human monocytic THP-1 cells by transcrip-
tional and post-transcriptional mechanisms. J. Immunol.
149:167 ).

Bancroft. G. J.. R. D. Schreiber. and E. R. Unanue. 1991.
Natural immunity: a T cell-independent pathway ot mac-
rophage activation, defined in the SCID mouse. Immunol.
Rev. 124:5.

Rogers. H. W., K. C. F. Sheehan, L. M. Brant. §. K. Dower,
E. R. Unanue. and R. D. Schreiber. 1992, Interleukin-| par-
ticipates in the development of anti-Listeria responses 1n
normal and SCID mice. Proc. Natl. Acad. Sci. USA 89:1011.

Accesion For ]
NTIS CRA& o
DTIC T14B 0
U.anzo. -ed U

Justification -

By
Dist ibution|

FETTE R

— . ——— s

Availabiity  Cudes
Avail o uior
Special

Dist

A |20

DTI0 QUALITY INSTECTED &«




