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Glucocorticoid enhances gamma interferon effects
on human monocyte antigen expression and ADCC
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SUMMARY

The expression of HLA-DR antigen by highly enriched human monocytes cultured in
serum free medium was found to be markedly elevated by human recombinant gamma
interferon (IFN-gamma). This effect was maximal after 48 h in culture with 300 u/ml
IFN-gamma. Class I MHC antigen also increased with IFN-gamma treatment. By
contrast, binding of a myeloid-specific monoclonal antibody, AML-2-23, was dramati-
cally decreased by IFN-gamma. The augmentation ofMHC antigens was not ablated by
an immunosuppressive concentration (2 x 10-' M) of the glucocorticoid dexamethasone
(DEX). In fact, both the enhancement of Class I and Class II MHC antigen expression
and the suppression of AML-2-23 antigen by IFN-gamma were often more profound in
the presence of DEX. IFN-gamma treatment also resulted in elevated monocyte effector
function, as measured by antibody dependent cellular cytotoxicity (ADCC). This
functional activation was not inhibited by DEX. On the contrary, DEX slightly
augmented IFN-gamma effects on ADCC. This contrasts with other reports that
glucocorticoids inhibit monocyte responsiveness to lymphokines, and suggests that the
interplay between lymphokines and the glucocorticoid hormones may be more complex
than previously thought.
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INTRODUCTION

The participation of monocytes and macrophages in various reactions, including the presentation
of antigen to lymphocytes (Yamashita & Shevach, 1977), non-specific killing of tumor cells
(Normann & Weiner, 1983; Evans & Alexander, 1972), and killing of antibody or antibody and
complement opsonized pathogens (Mantovani et al., 1977; Johnston, 1978), involves recognition at
the cell surface of critical molecules such as Ia antigens and receptors for complement and the Fc
region ofIgG. Recent studies have demonstrated that lymphokines, particularly gamma interferon,
are potent stimulators of monocyte/macrophage function (Guyre, Morganelli and Miller, 1983;
Stanwick, Campbell & Nahmias, 1982). Glucocorticoids, on the other hand, have suppressive
effects on the immune system, resulting in a decrease in production of lymphokines, including
interferons (Gillis, Crabtree & Smith, 1979; Guyre, Bodwell & Munck, 1981; Arya, Wong-Staal &
Gallo, 1984). We have undertaken a study of the ability of gamma interferon (IFN-gamma) to
modulate monocyte antibody mediated function and cell surface antigens, in particular HLA-DR,
believed to be involved in cell surface interactions such as antigen presentation (Raff, Picker &
Stobo 1980). In addition, we have explored the possibility that the suppressive effect of
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glucocorticoids might include an influence on effector cell function by examining the effects of an
immunosuppressive concentration of dexamethasone (DEX) on monocyte surface antigen
expression and antibody mediated killing. Furthermore, since another mechanism by which
glucocorticoids mediate suppression might be by blocking the stimulatory effects of lymphokines
on their target cells, as suggested by our previous studies (Shen, Guyre & Fanger, 1984), we have
examined the effects of simultaneous exposure to IFN-gamma and dexamethasone on monocyte
surface antigen expression and ADCC.

MATERIALS AND METHODS

Monocytes. Mononuclear cells enriched for monocytes were obtained by cytopheresis of
peripheral blood from normal volunteers. This fraction, which usually contained 50% monocytes,
was further purified by centrifugation over Ficoll-Hypaque. The mononuclear cell layer was
washed five times in RPMI and resuspended in 10% autologous serum at 5 x 107 cells/ml in a 50 ml
polypropylene tube. The tube was rotated for 90 min at 40C, causing the monocytes to clump, and
then placed upright in an ice bath for 30 min, allowing the clumped cells to settle as a pellet. Pelleted
cells were washed three times in RPMI 1640. Alternatively, monocytes were enriched from the
mononuclear fraction by centrifugation through Percoll (Wright & Silverstein, 1982). Monocytes
prepared by either method were 80-90% pure as judged by morphology and expression of the
monocyte-associated antigen AML-2-23 (Ball et al., 1982), the rest being lymphocytes. Monocytes
(2 x 106/ml) in Iscove's medium (Baker & Knoblock, 1982), supplemented with 2 mg/ml pyrogen-
free bovine serum albumin (BSA) and 50 jg/ml gentamicin (Schering Corp., Kenilworth, NJ), were
cultured in Teflon screw-top vessels (Savillex, Minitonka, MN), to which the cells did not adhere, at
370C in a 5% CO2 gassed incubator.

Interferons. Human gamma-interferon (generously provided by Dr C. Sevastopoulos, Genen-
tech Inc.) was highly purified from bacterial cultures following cloning of the appropriate gene into
E. coli (Gray et al., 1982). The endotoxin content ofthe IFN was estimated using the Limulus lysate
assay (Cape Cod Associates) which was sensitive to 13 pg/ml LPS and found to be < 0 001 pg LPS
per international reference unit (IRU) of interferon. Appropriate dilutions of IFN were made in
Iscove's medium supplemented with BSA and gentamicin and added to the monocyte cultures.

Glucocorticoid effects on cultured monocytes. An ethanol stock solution ofDEX was evaporated
onto a polystyrene dish (Crabtree, Munck & Smith, 1979) and redissolved in RPMI-1640 to
2 x 10- 5 M by incubation at 37°C for 30 min. Monocyte cultures were supplemented with DEX to a
final concentration of 2 x 10-1 M.

Cytofluorograph analysis. Freshly prepared monocytes or monocytes cultured for various time
periods with or without IFN and DEX were washed in PBS containing 0.5% BSA and 0.05%
sodium azide (PBS-BSA-Az). Pelleted cells (1 x 106) at 40C were mixed with 5 PI of purified human
IgGI at 16 mg/ml and then with monoclonal antibodies to a final volume of 100 PI. After 1 h
incubation at 4°C the cells were washed once with PBS-BSA-Az and treated for 45 min at 4°C with
25 Ml of a 1:20 dilution of fluorescein isothiocyanate (FITC) conjugated affinity purified F(ab')2
goat anti-mouse immunoglobulin (Boehringer-Mannheim, Indianapolis, IN). They were then
washed, the cell pellet disrupted, and the cells fixed with 200 ,l ice-cold 2% paraformaldehyde in
PBS accompanied by vigorous pipetting to prevent clumping. The Ortho (Westwood, MA)
Cytofluorograf system 50H was used to quantify binding of monoclonal antibodies.

Monoclonal antibodies. An IgG2 monoclonal antibody (MoAb) to human Ia framework, OkIa I
(Reinherz et al., 1979), was obtained from Ortho Diagnostic Reagents Ltd. An IgG2a antibody to a
common specificity on all HLA bearing cells, anti-HLA-A,B,C (Ugolini et al., 1981) was obtained
from BRL, Inc., Gaithersburg, MD. AML-2-23 (Ball et al., 1982), is an IgG2b MoAb prepared in
our laboratories which is reactive with the majority of normal monocytes and a subpopulation of
neutrophils.

Antibody dependent cellular cytotoxicity. Monocytes cultured in absence or presence of
interferon and dexamethasone were assessed for their abilities to mediate antibody-dependent
cellular cytotoxicity against chicken erythrocytes. Chicken erythrocytes labelled with 5"chromium
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were mixed with a rabbit anti-chicken erythrocyte IgG fraction at 015HIg/ml and exposed to control
or stimulated monocytes in round-bottom microtitre wells. After incubation at 370C for 6 h, the
supernatant fluid was collected and the radioactivity counted in a gamma counter. Maximal lysis
was obtained by treating target cells with detergent. Results are expressed as mean + standard
deviation (s.d.) of triplicate wells. Cytotoxicity was calculated as follows:

% cytotoxicity = ct/min (experimental) - ct/min (medium)/ct/min (max) - ct/min (medium) x 100

RESULTS

We have previously shown that recombinant IFN-gamma and not alpha or beta-IFN caused a
dramatic increase in Fc receptor expression on monocytes and ofmonocyte-like U-937 cells (Guyre,
Morganelli & Miller, 1983). The results in Table 1 show that monocytes also exhibited marked
increases in HLA-DR expression after 18 h ofculture with recombinant IFN-gamma. This was seen
as an increase in density of antigen rather than in number of positive cells. In order to rule out
uptake ofanti-DR or FITC labelled antibody through Fc receptors which are expressed in very high
density on IFN-gamma treated monocytes, the cells were stained in the presence of2 mg/ml purified
human IgGl to block Fc receptors before staining. Monocytes cultured without IFN-gamma also
exhibited a substantial increase in HLA-DR expression. A maximal difference between HLA-DR
expression by IFN-gamma treated and control cells was observed after 2-3 days in culture (data not
shown).

It has been reported that glucocorticoids ablate the production of various immunological
mediators including interferons (Arya, Wong-Staal & Gallo 1984) and also moderate the response
of the monocyte-like cell line U-937 to IFN-gamma (Shen, Guyre & Fanger, 1984). We therefore
examined the ability ofmonocytes to respond to IFN-gamma in the presence ofan immunosuppres-
sive concentration of the glucocorticoid dexamethasone (DEX). Surprisingly, DEX significantly
augmented the effects ofIFN-gamma on HLA-DR expression (Fig. 1). The density ofHLA-DR, as
assessed by mean fluorescence intensity, on monocytes treated with IFN-gamma and DEX was
even greater than those exposed to IFN-gamma alone. This was not due simply to an additive effect
between IFN-gamma and DEX since in only one case did DEX alone elevate HLA-DR expression.
A similar effect on expression of HLA-A,B,C was observed (Fig. 2). Culture with IFN-gamma
produced an increase in HLA-A,B,C which was further enhanced by DEX.

Table 1. Staining of monocytes with OKIa (HLA-DR)

Total MFI MFI of+Cells %0+

Donor Con IFN Con IFN Con IFN

A 153 340 294 352 50 57
B 407 634 348 487 81 89
C 214 426 418 559 46 74
D 328 497 174 490 84 85

HLA-DR expression by monocytes after culture with recombinant
IFN-gamma (IFN). Monocytes were stained with MoAb OKIa,
specific for HLA-DR, or P3 a MoAb ofirrelevant specificity secreted by
the myeloma line P3X63Ag8 after 18 h culture with 300 IRU/ml
recombinant IFN-gamma, or serum free medium (Con). Cells were
fixed after staining, and immunofluorescence of 10,000 cells measured
by cytofluorography. Results are corrected for non-specific P3 staining.
MFI refers to mean fluorescence intensity.
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Fig. 1. Combined effect of recombinant IFN-gamma (300 IRU/ml) and dexamethasone (2 x 10- M) on HLA-
DR expression of monocytes from three donors (R.S., P.O., E.B.). Monocytes were stained with a monoclonal
antibody to HLA-DR before or after 48 h culture in serum free medium (0), or after culture with IFN-gamma
(es), DEX (0), or IFN-gamma and DEX (A). Cells were fixed, and immunofluorescence of 10,000 cells was
measured by cytofluorography.
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Fig. 2. Combined effect of IFN-gamma (300 IRU/ml) and DEX (2 x 10 'M) on HLA-A,B,C expression of
monocytes. In this representative experiment monocytes were stained with a monoclonal antibody to HLA-A,B
and C, or an irrelevant antibody, before or after 48 h culture in serum free medium (0), or after culture with
IFN-gamma (&), DEX (0), or IFN-gamma and DEX (A). Immunofluorescence of 10,000 cells was measured by
cytofluorography.

In contrast with the above two antigens, surface density (mean fluorescence intensity) of the
myeloid-specific antigen recognized by monoclonal antibody AML-2-23 was strikingly reduced by
culture with IFN-gamma (Fig. 3). Treatment with DEX also resulted in strong suppression of
antigen expression. Thus the much larger decrease in antigen expression obtained by culture with
IFN-gamma and DEX probably resulted from an additive effect of the two reagents. In addition,
the number of cells positive for AML-2-23 was decreased by IFN-gamma and DEX, when used
separately or combined, on cells from two out of three donors. Since the AML-2-23 antigen was
decreased on IFN-gamma or IFN-gamma and DEX-treated cells, it appears that the increased
expression ofHLA-DR and HLA-A,B,C cannot be accounted for by a physical phenomenon such
as an increase in surface area due to ruffling of the membrane, or greater numbers of pseudopodia.

In addition to surface marker expression, we examined the effects ofIFN-gamma and DEX on
monocyte function. Treatment for 18 h with IFN-gamma produced two-fold or greater increase in
the ability of monocytes to lyse antibody-coated chicken erythrocytes (Fig. 4). DEX did not
suppress the stimulation of ADCC by IFN-gamma (Fig. 4); rather, monocytes treated with both
IFN-gamma and DEX were usually more cytotoxic than those which received IFN-gamma alone.
Thus, a potentially immunosuppressive concentration ofDEX could enhance the in-vitro action of
IFN-gamma on both monocyte function and antigen expression.

DISCUSSION

These results demonstrate that IFN-gamma increases the density of HLA-DR and HLA-A,B,C on
monocytes. This increase in histocompatability antigen is accompanied by a substantial decrease in
expression of the myeloid-specific differentiation antigen defined by monoclonal antibody AML-2-
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Fig. 3. Combined effect of IFN-gamma (300 IRU/ml) and DEX (2 x 10-7 M) on AML 2-23 staining of
monocytes from three donors (R.S., P.O., E.B.). Monocytes were stained with monoclonal antibody AML-2-23
or an irrelevant antibody before or after 48 h culture in serum free medium (0), or after culture with IFN-
gamma (ti), DEX (0), or IFN-gamma and DEX (-). Cells were fixed and immunofluorescence of 10,000 cells
was measured by cytofluorography.
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Fig. 4. ADCC of monocytes after culture with IFN-gamma and DEX. Monocytes were cultured for 18 h in
serum free medium (0), 300 IRU/ml IFN-gamma (A), 2 x 10-7 M DEX (0), or IFN-gamma and DEX (A), after
which they were washed and assayed for ability to kill antibody-coated chicken erythrocytes with a 10-I dilution
of rabbit IgG antibody and (a) varying effector target ratio or (b) at a constant effector to target ratio (10: 1) and
varying concentrations of antibody (stock solution 16 mg/ml).

23. These antigen changes were accompanied by activation of the monocyte function of ADCC.
Furthermore, the glucocorticoid dexamethasone did not inhibit the action of IFN-gamma on
monocytes. The effect ofDEX was actually additive or greater than additive with the effect of IFN-
gamma in enhancing HLA-DR and diminishing AML-2-23 expression. A similar effect was
observed on monocyte ADCC, in which DEX not only failed to inhibit, but even increased, the
effect of IFN-gamma.

It has been known for some time that products of activated mouse T cells elevate Ta expression
(Scher, Beller & Unanue, 1980) and antigen presenting abilities of mouse macrophages and
monocytes (Beller & Ho 1982). Our studies are consistent with these observations and other studies
(Basham & Merigan 1983) that suggest that cloned human IFN-gamma can enhance HLA-DR
expression and ADCC ofhuman peripheral blood monocytes. More important, we have ruled out,
by culturing cells in a defined serum-free medium, the possible cooperation between serum factors
and IFN-gamma. Thus, pure cloned IFN-gamma acts on monocytes, in the absence ofother serum
factors, to elevate expression of HLA-DR and Class I HLA antigens and ADCC.

Augmentation of these antigens may be immunologically relevant since it has been shown that
mouse macrophages which have been induced to display increased amounts of Ta antigen are also
more effective in antigen presentation (Beller & Ho 1982). Type I MHC antigens have also been
shown to be necessary for recognition of viral antigens by T cells (Germain, Dorf & Benacerraf,
1975; Doherty, Blanden & Zinkernagel, 1976).

In striking contrast to Class I and II HLA antigens, the expression of a myeloid-specific antigen,
defined by MoAb AML-2-23, was greatly reduced by IFN-gamma. Since this antigen appears to be
a glycoprotein (Maliszewski et al., 1985), the increases in HLA-DR and HLA-A,B,C antigens are
not due to an overall IFN-gamma induced increase in cell surface glycoprotein. While the
significance of this antigen is not known at present, it is possible that its modulation by IFN-gamma
would also occur in vivo. Conceivably changes in display of this surface antigen might then be
involved in altered function, for example, redirection of monocyte traffic during an immune
response.

Production of soluble mediators such as the interferons (Arya, Wong-Staal & Gallo, 1984) and
IL-2 (Gillis, Crabtree & Smith 1979) are suppressed in vitro by concentrations of DEX (10-7 M)

_ . . .. . . r or-
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which also cause in-vivo immunosuppression (O0-I M) (Silberman, 1981; Cupps & Fauci, 1982).
While glucocorticoids exert suppressive effects on many facets of the immune system, the results
here indicate that monocyte HLA-DR and HLA-ABC are not affected by pharmacological
concentrations ofDEX and therefore that immunosuppression by glucocorticoids is probably not
effected at the level of HLA-DR expression. These results contrast with other findings that
hydrocortisone treatment of monocytes resulted in increased expression of HLA-DR antigens
(Gerrard et al., 1984). This diversity in observations might result from the use of different culture
techniques or media. It is also likely that monocytes respond differently to the higher concentrations
(10-5-10-6 M) of glucocorticoids used in the previous study.

Glucocorticoids might also alter immune responsiveness by inhibiting the action of lymphok-
ines on their target cells as have been shown to occur in mice. Mouse macrophages, which normally
lose their Ia antigens in culture, were stimulated to re-express them under the influence of a T cell
line supernatant, and this expression was strongly inhibited by hydrocortisone (Beller & Ho, 1982;
Warren & Vogel, 1985). Our data show that the glucocorticoid dexamethasone potentiated the
effects of cloned IFN-gamma on human monocytes. Antigens whose expression was increased by
IFN-gamma (HLA-DR, HLA-A,B,C) were more strongly expressed when dexamethasone was
added in conjunction with IFN-gamma. Also, in the case of the AML-2-23 antigen which was
decreased by IFN-gamma, the addition of dexamethasone further decreased expression of this
marker. This suggests that there are fundamental differences in the action of glucocorticoids on
mononuclear phagocytes of mouse and man.

The inability of DEX to exert suppressive effects on monocytes is further emphasized by our
studies on ADCC. Culture with DEX alone either had no effect, or even enhanced ADCC.
Furthermore, the marked increase in monocyte antibody-mediated function following IFN-gamma
treatment was unaffected or even augmented by DEX, in agreement with the studies of Warren &
Vogel (1985) using mouse macrophages. Our study demonstrates that pharmacological concentra-
tions ofDEX do not interfere with the functional activation ofhuman monocytes by IFN-gamma,
and extends the findings of Girard et al. (1984) that augmentation of monocyte Fc receptor
expression by IFN-gamma is enhanced in the presence of DEX. Examination of Fc receptor
mediated function in this study has established that the DEX enhancement of the IFN-gamma
effect is evident not only as cell surface changes, but also as an increase in overall cellular function.
The ability of recombinant IFN-gamma to augment monocyte function in the presence of
immunosuppressive glucocorticoid concentrations might be of therapeutic value in counteracting
some of the effects of glucocorticoid therapy. Glucocorticoid production increases significantly
during a normal immune response or following injection of lymphokine (Besedovsky, del Rey &
Sorkin 1983) and this increased glucocorticoid is thought to act as a negative regulator of the
immune response. Our results suggest that in addition to inhibiting further secretion of
lymphokines (an effect which probably requires chronic exposure to high levels of glucocorticoid)
acute elevation of glucocorticoids may actually increase cellular responsiveness to lymphokines
which are already in circulation. Both acute enhancement and chronic suppresion of immune
responses are consistent with the role glucocorticoids play in resistance to stress (Munck, Guyre &
Holbrook, 1984).
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