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Effect of Glucocorticoids and Interferon-'y on the
Oxidative Responses of Monocytes from

Leprosy Patients and Normal Donors'
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Kenrad E. Nelson, and Burton R. Andersen 2

A characteristic feature of leprosy is its
spectrum of clinical symptoms correlating
with the cellular immune responsiveness of
the patient to Mycobacterium leprae. Tu-
berculoid leprosy patients, in contrast to
lepromatous patients, exhibit normal cell-
mediated immune responses to M. leprae
antigens. Mononuclear phagocytes in tu-
berculoid leprosy are able to ingest and de-
stroy most microorganisms; however, in
lepromatous leprosy, phagocytes fail to con-
trol the intracellular multiplication of Al.
leprae (9). Studies have shown that M. leprae
are susceptible to oxygen radical killing ( I I).

Macrophages from leprosy patients report-
edly fail to present M. leprae antigens in an
immunogenic form (6), are unable to pro-
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vide accessory function for lymphocyte pro-
liferation, and have reduced protein syn-
thesis in the presence of M. leprae ( 26). It
has been reported that T cells from lepro-
matous leprosy patients fail to produce in-
terleukin-2 (IL-2) after exposure to M. lep-
rae but respond by proliferation to M. leprae
in the presence of exogenous IL-2 ( 4 5 ). Oth-
er studies point out that T cells fail to ex-
press IL-2 receptors upon challenge with M.
leprae 5). More recently, it has been shown
that T cells from lepromatous patients can
respond to M. leprae if cultured in medium
alone, which suggests that the failure of those
T cells to respond to M. leprae in vivo may
be due to the persistence of antigen ( 14). In-
terferon-gamma (IFN-y), an activator of
human monocyte oxidative metabolism and
antimicrobial activity ( 17 ' 19 ), is produced in
lower amounts by T lymphocytes from lep-
romatous patients than by normal T cells
or T cells from tuberculoid patients ( 2 '). Pa
tients with leprosy can spontaneously de-
velop erythema nodosum leprosum (ENL)
which is characterized by tender skin nod-
ules, fever, malaise, nerve pain, bone pain,
and pain in large joints (l• 23 ). Current ther-
apy for ENL includes the use of immunom-
odulators, such as thalidomide or predni-
sone.

This study was undertaken to determine
the effect of IFN-y on superoxide anion
(0-7) production by monocytes from leprosy
patients. In addition, in view of a recent
report that corticosteroids can enhance the
binding of IFN--y to human monocytes in
culture due to receptor biogenesis ( 30), and
the use of corticosteroids in the treatment
of ENL, we have examined the effects of
both agents on monocyte 0-7 release in re-
sponse to various stimuli, including M. lep-
rae.
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TABLE 1.^Characteristics of patients studied.

Patient sex/
age

Lep-
rosy
type

Bac-
terial
index

Therapy (duration)

1 M/49 BT I + Dapsone (14 mo.); rifampin (14 mu.)
2 M/34 BT 0 Dapsone (6 yr); prednisone (18 mo.)
3 M/29 BT 0 Dapsone (6 yr)
4 M/26 LL 0 Dapsone (5 yr); thalidomide (4 yr)
5 M/24 LL 5+ Dapsone (3 yr); rifampin (3 yr); thalidomide (3 yr); prednisonc (1 yr)

Dapsone (I yr); rifampin (9 mo.); thalidomide (3 yr); prednisone (1 yr);
6 M/30 LL 3+ clofazimine (16 mo.)
7 M/36 LL 0 Dapsone (6 yr); rifampin (6 yr); clofazimine (6 yr)
8 M/26 LL 4+ Dapsone (3 yr); rifampin (3 yr)
9 M/40 LL 3+ Dapsone (4 yr); rifampin (2 yr); thalidomide (4 yr)

Dapsone (5 mo.); thalidomide (I mo.); prednisonc (5 mo.); clofazimine
10 M/33 LL 6+ (5 mo.)

MATERIALS AND METHODS
Subjects. Informed consent for a blood

donation was given by normal adult labo-
ratory personnel (control subjects) and by
patients with a confirmed diagnosis of lep-
rosy in the Hansen's Disease Clinic at the
University of Illinois Medical Center. Dis-
ease classification was according to the cri-
teria of Ridley and Jopling ( 24). Table 1 sum-
marizes the characteristics of the patients
used in this study. All were males with ages
ranging from 24 to 49, and a median age of
33. Bacterial indices from biopsies per-
formed 0-9 months prior to this study
ranged from 0 to 6+, with a median of 2+.
All the patients were on dapsone therapy,
with some on multiple therapies as indi-
cated in Table 1.

Cells. Peripheral blood was collected
from donors as previously described ( 7 ) into
10 U/ml sterile heparin (ICN, Cleveland,
Ohio, U.S.A.) and diluted with an equal vol-
ume of Hank's Balanced Salt Solution with-
out phenol red, calcium or magnesium
(HBSS; Gibco Laboratories, Grand Island,
New York, U.S.A.) The blood was layered
over Ficoll-Hypaque (Sigma Chemical
Company, St. Louis, Missouri, U.S.A., and
Winthrop-Breon Laboratories, New York,
New York, U.S.A.), and centrifuged at 400
x g x 25 min. The mononuclear cell layer
(MNC) was collected, and the cells washed
with HBSS. The contaminating erythro-
cytes were hypotonically lysed. The per-
centage of monocytes in the MNC suspen-
sion was determined by counting the number

of cells ingesting 0.8 ,um latex particles (Dif-
co Laboratories, Detroit, Michigan, U.S.A.).
The monocytes were consistently > 98%
viable, as determined by trypan blue dye
exclusion. The cells were washed by cen-
trifugation and resuspended at 2 x 10 6

monocytes/ml in medium which consisted
of RPMI 1640 (Gibco) containing 10% heat-
inactivated fetal calf serum (Hyclone Lab-
oratories, Logan, Utah, U.S.A.) and 50 pg,/
ml gentamicin (Sigma).

Culture conditions. The cells were plated
in 96-well, flat-bottom, microtiter plates
(Corning, Corning, New York, U.S.A.) at 2
x 10 5 monocytes/well, and allowed to ad-
here for 1 hr at 37°C in 5% CO, in air. The
cells were washed with warm fresh medium
to remove nonadherent cells, and then cul-
tured overnight in medium alone or in me-
dium containing 2 nM, 200 nM, or 20 piM
dexamethasone (Rugby Laboratories,
Rockville Centre, New York, U.S.A.). The
cells were then washed and cultured in me-
dium alone or in medium containing up to
500 U/ml IFN-y (Sigma) overnight. The
source of the IFN-y was supernatants from
A23187 and mizerein-induced human buffy-
coat cell preparations. In some experiments,
the monocytes were cultured simultaneous-
ly with the dexamethasone and IFN-y over-
night in the concentrations mentioned
above.

Superoxide anion assay. Superoxide dis-
mutase-inhibitable production of by
monocytes was determined by a modifica-
tion of the microassay technique of Pick and
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Mizel (22), measuring ferricytochrome c
(Type III; Sigma) reduction as described ( 7 ).
The absorbance was determined at 550 nm
(EIA Reader, Burlington, Vermont, U.S.A.)
immediately after the addition of reaction
mixtures (0 time) and 150 min later. We
chose to read the plates after 150 min in-
stead of the conventional 90 min because
we had previously shown ( 7) that Al. leprac
was a weak and slow stimulus of the met-
abolic burst of monocytes. The stimuli used
in the assays included phorbol myristate ac-
etate (PMA, 100 ng/ml; Sigma), AI. leprae,
and M. boris BCG (50:1 bacteria-to-mono-
cyte ratio). Following the assay, the wells
were washed, and protein quantitation on
the adherent cells was performed by the
Lowry method ( 12) with bovine serum al-
bumin used for the standard curve.

Bacteria. Armadillo-derived Al. leprac
were kindly provided by Dr. Patrick Bren-
nan (Colorado State University, Fort Col-
lins, Colorado, U.S.A.) through National
Institutes of Health Contract No. AI-52582.
The M. leprae were purified from irradiated
(2.5 Mrad) armadillo spleens and livers and
stored in phosphate buffered saline with
0.1% Tween 80 (PBS-Tween) at — 70°C. The
M. leprae were washed by centrifugation be-
fore use in the 0,T assay. Al. boris BCG were
obtained from the University of Illinois at
Chicago Institute for Tuberculosis Research
as lyophilized vaccine, and was grown in
Middlebrook broth with 10% OADC en-
richment (oleic acid, albumin, dextrose, cat-
alase) and 0.1% Tween 80 (Difco) at 37°C
for 4 weeks. The BCG were then heat killed
by autoclaving at 121°C for 15 min, and
counted using fluorescence microscopy after
staining with Auramine-O (Difco) as pre-
viously described ( 8 ). The BCG were stored
in PBS-Tween at 4°C, and washed by cen-
trifugation prior to use in the 0-7 assay.

Endotoxin contamination. A quantita-
tive chromogenic limulus amebocyte lysate
assay (Whittaker, Walkersville, Maryland,
U.S.A.) with a sensitivity of 10 pg/ml was
performed periodically on the reagents used
in the preparation and culture of the mono-
cytes. Less than 10 pg/ml of endotoxin was
detected in the buffers, media, or reagents.

Statistical analysis. The differences be-
tween mean values were evaluated for sta-
tistical significance by Student's t test.

TABLE 2. Effect of IFN-y on normal
monocyte 0-7 release.a

IFN-1, Stimuli
(U/ml) Ai . /(7„.‘, BCG PMA

0 88 ± 6 111 ± 51 251 ± 38
I 95 ± 21 133 ± 17 284 ± 37

10 94 ± 19 134 ± 21 269 ± 13
50 129 ± 27 164 ± 36" 279 ± 42

100 137 ± 27" 143 ± 17 313 ± 12
500 154 ± 28" 162 ± 16" 325 ±^13''

Values are mean nmol 0, /mg cell protein/150 min
± S.D. of 3 experiments. Bacteria %. ere used at a par-
ticle-to-cell ratio of 50:1; PMA was used at 500 ng/ml.

p < 0.05 vs 0 IFN-y group.

RESULTS
Response of monocytes to IFN-y. To

determine the optimal concentration of
IFN-y necessary to enhance the oxidative
response of the monocytes, cells from con-
trol subjects were cultured with the indi-
cated concentrations of IFN--y for 24 hr.
The enhancement of ay release by IFN-y
is shown in Table 2. IFN-y at 500 U/ml
significantly increased the monocyte 0-7
generation in response to all stimuli (PMA,
BCG, and Al. leprac) with 100 U/ml and
50 U/ml sufficient to augment 0, release
in response to M. leprac and BCG, respec-
tively. It was observed that when mono-
cytes from leprosy patients were pretreated
with 50 U/ml IFN--y, those from patients
on prednisone therapy responded with sig-
nificantly enhanced 0-7 release when chal-
lenged with M. leprae or with BCG (Table
3). Monocytes from patients not on pred-
nisone responded as did the monocytes from
healthy subjects, in that pretreatment with
50 U/ml IFN-y did not enhance their
generation upon challenge with AI. leprae.

Effect of dexamethasone pretreatment on
IFN-y enhancement of monocyte release.
Monocytes from healthy control subjects
were cultured overnight in media contain-
ing 0, 2 nM, 200 nM, or 20 ,uM dexameth-
asone. They were then washed and cultured
for an additional 24 hr in the presence or
absence of 500 U/ml IFN--y. The cells were
then challenged with PMA or AI. leprae.
Monocytes pretreated with all concentra-
tions of dexamethasone tested released less
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FIG. 1. Effect of dexamethasone treatment prior to
interferon--y treatment on monocyte Oi release in re-
sponse to Al. leprae (A) or PMA (B). Cells were treated
on the day of isolation with indicated concentrations
of dexamethasone for 24 hr. Cells were then cultured
in the presence ■ or absence of IFN-y (500 U/mI)
for 24 hr. Results are means ± S.E. of 8 experiments.
t = p < 0.05 when compared with untreated control
monocytes; * = p < 0.05 when compared with no
IFN-y treatment.

0; in response to M. leprae than did un-
treated control monocytes (Fig. 1A). Cells
pretreated with 200 nM or 20 ,uM dexa-
methasone but not with 2 nM dexametha-
sone showed a decrease in 0; release when
stimulated with PMA (Fig. 1B). IFN-y en-
hanced the 05- generation of monocytes in
response to M. leprae and to PMA whether
or not the cells had been pretreated with
dexamethasone (Fig. 1). IFN--y restored
0-, generation to normal levels. In addition,
it appears that IFN-y reversed the suppres-
sive effects of dexamethasone.

Degree of metabolic burst enhancement
by IFN-y. The percent enhancement of
monocyte release by IFN-y shown in
Table 4 was calculated from data obtained
when the monocytes were simultaneously
treated with dexamethasone and IFN-y, and
is from the data in Figure 1. Synergism is
suggested by the data when dexamethasone
treatment preceded IFN-y treatment. When
PMA was the stimulus, all concentrations
of dexamethasone appeared to enhance the
augmentation of monocyte 0,- release.
When Al. leprae was used as a stimulus for
monocyte 0, release, 20 AIM dexametha-
sone increased the enhancement by IFN-y.
Under culture conditions where dexameth-
asone and IFN-y treatment was simulta-
neous, only the highest concentration of
dexamethasone enhanced the IFN-y acti-
vation of monocytes in response to PMA
(Table 4).

DISCUSSION
Lymphokines arc known to enhance, and

hydrocortisone to inhibit, the ability of
monocytes to secrete reactive oxygen inter-
mediates ('"). IFN-y is the lymphokine re-
sponsible for the activation of macrophages
that enhances oxidative killing of intracel-
lular parasites (17.19, 20, 25 , .j Lymphocytes
from patients with the lepromatous form
of Hansen's disease are unable to produce
normal amounts of IFN--y upon challenge
with M. leprae ( 2 '). Kaplan, et al. ( 1()) have
reported that monocyte-derived macro-
phages from 10 to 14 lepromatous patients
studied responded to recombinant IFN--y
with enhanced ability to generate H,0,.
More recently, it has been shown that mac-
rophages from leprosy patients have an
enhanced ability to kill M. leprae in the
presence of IFN--y ( 2) or delipidified cell
components of M. leprae ( 13). Our study
shows that monocytes of patients receiving
prednisone therapy at the time peripheral
blood was drawn responded to lower con-
centrations of IFN-y with an enhanced

production when stimulated with M.
leprae or BCG, than did monocytes from
patients not on prednisone therapy or mono-
cytes from healthy subjects. Even though
the number of patients in the study was small
and the patient population was heteroge-
neous, the data suggested a prednisone effect
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TABLE 3. Effect of IFN-y on 0-, -- generation by monocytes from leprosy patients."

Subjects IFN-y Stimuli"
(U/m1) AI. leprae BCG PMA

Patients receiving prednisone (N = 4) 0 102 ± 10 105 ± 13 409 ± 13
50 169 ± 29' 187 ± 28' 371 ± 18

Patients not on prednisone (N = 6) 0 150 ± 52 119 ± 26 360 ± 71
50 149 ± 26 154 ± 38 350 ± 89

Healthy subjects (N = 8) 0 133 ± 38 92 ± 21 328 ± 68
50 119 ± 32 168 ± 31' 327 ± 63

Values are mean nmol 0,- /mg cell protein/150 min ± S.D.
h Bacteria were used at a particle-to-monocyte ratio of 50:1; PMA was used at 500 ng/ml.
p < 0.05 vs 0 IFN-y group.

and led us to examine the effect of dexa-
methasone on IFN--y activation of normal
monocytes in vitro.

Monocytes pretreated with dexametha-
sone only released less 07 than did control
cells. IFN-y enhanced the 0-7 generation of
monocytes whether or not the cells had been
pretreated with dexamethasone. In fact,
synergism is suggested by these results since
when dexamethasone treatment preceded
IFN-y treatment, the IFN-y enhancement
of 0-7 release was further augmented. When
PMA was the stimulus, all concentrations
of dexamethasone appeared to enhance the
IFN-y augmentation of monocyte 0-7 re-
lease. When M. leprae was used as the chal-
lenge stimulus, the highest concentration of
dexamethasone exerted its potentiating ef-
fect.

A dexamethasone-induced increase in re-
ceptors for IFN-y on monocytes has been
reported (30). We found that IFN-y aug-
mentation of monocyte 0; release was
greater in dexamethasone-pretreated cells

than in untreated cells. This would be con-
sistent with an increase in IFN--y receptors
on the monocytes. It appears that pretreat-
ment of monocytes with dexamethasone was
more effective in increasing the augmenta-
tion of 07 by IFN--y than simultaneous
treatment with both agents. This is in agree-
ment with observations that 24 hours or
longer was needed for dexamethasone to ex-
ert its effects ( 27 ). It has been shown that the
IFN--y enhancement of the macrophage re-
spiratory burst could not be prevented by
dexamethasone ('''), even at the concentra-
tions of dexamethasone used that sup-
pressed the antimicrobial activity of human
monocytes ( 27). Others ( 3 I) have reported
that IFN-y can block the O-T inhibitory ac-
tivity of various glucocorticoids. Moreover,
dexamethasone has been shown to augment
IFN-y effects on human monocyte effector
function as measured by antibody-depen-
dent cellular cytotoxicity (29) and to enhance
IFN-y augmentation of monocyte IgG Fc
receptor expression ( 1 . 32 ). Although it was

TABLE 4. Effect of dexamethasone on IFN-y augmentation of monocyte 0-T release."

Dexamethasone treatment

Dexamethasone
Preceding IFN--y" treatment

Stimuli'

Simultaneously with IFN--y"

Stimuli'

.11. leprae PMA Al. leprae PMA

0 45 ± 10 (10)d 34 ± 9 (10) 43 ± 12 (9) 38 ± 8 (9)
2 nM 61 ± 10 (9) 45 ± 8 (9)' 42 ± 9 (7) 52 ± 5 (7)

200 nM 36 ± 13 (8) 62 ± 7 (9)' 69 ± 8 (7) 48 ± 8 (8)
20 pM 75 ± 6 (8)' 68 ± 9 (8)' 56 ± 13 (6) 65 ± 6 (6)'

Values arc percent enhancement of 0,7 release by IFN--y ± S.D.
IFN-y dose was 500 U/ml.
M. leprae were used at a bacteria-to-monocyte ratio of 50:1: PMA used at 500 ng/ml.
Figures in parentheses are number of experiments.
p < 0.05 vs 0 dexamethasone group.
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recently reported that dexamethasone did
not suppress I-1,0, release by monocyte-de-
rived macrophages (28), our studies, using
24- to 48-hour monocyte cultures, show that
dexamethasone can suppress 0; release as
measured by cytochrome c reduction in a
sensitive microassay.

IFN-y and dexamethasone are both im-
portant immunomodulators. In our studies,
IFN-y reversed the immunosuppressive ef-
fect ofdexamethasone on monocytes. In fact,
our findings suggest that enhanced effects of
IFN-y may perhaps be achieved by gluco-
corticoid pretreatment.

SUMMARY
Leprosy patients suffering from erythema

nodosum leprosum are frequently treated
with glucocorticosteroids. The role gluco-
corticosteroids and interferon-gamma
(IFN-y) play in regulating the interaction of
phagocytic cells with Mycobacterium leprae
was examined. Monocytes from leprosy pa-
tients receiving prednisone therapy re-
sponded to lower concentrations of I,FN--y
in vitro with enhanced superoxide anion re-
lease when challenged with M. leprae or Al.
bovis BCG than did monocytes from healthy
subjects and other leprosy patients. Al-
though the number of patients was small
and the population heterogeneous, the data
suggested that prednisone could alter IFN-y
efficacy and led to the examination of the
effect of glucocorticosteroids on IFN-y ac-
tivation of monocytes. IFN-y treatment fol-
lowing in vitro dexamethasone pretreatment
of monocytes from healthy subjects resulted
in a greater enhancement of superoxide an-
ion generation than that observed with
IFN-y treatment alone. These findings are
important considerations in evaluating pa-
tient immune function because IFN--y is be-
ing used in a number of clinical trials with
leprosy patients.

RESUMEN
Los pacientes con eritema nudoso leproso frecuen-

temente son tratados con glucocorticoesteroides. Aqui
se examina el papel que juegan los glucocorticoeste-
roides y el interferon gamma (IFN--y) en la respuesta
de las células fagociticas al interaccionar con Myco-
bacterium leprae. Los monocitos de pacientes con lepra
bajo tratamiento con prednisona, respondieron in vitro
con la producción y liberación de anion superóxido
(estimulada con M. leprae o con .11. boris, BCG)

concentraciones más hajas del IFN--y que los mono-
citos de personas sanas o de otros pacientes con lepra.
Aunque el nUmero de pacientes fue pequefio y la po-
blación heterogénea, los datos sugirieron que la pred-
nisona podria alterar la eficiencia del IFN-y. Esto con-
dujo al examen del efecto de los glucocorticoesteroides
sobre la activación de los monocitos por el IFN-y. El
tratamiento con IFN-y posterior al pretratamiento in
vitro de los monocitos de individuos sanos con dexa-
metasona, diO como resultado un mayor incremento
en Ia generaciOn de anion superóxido que el incremento
observado cuando el tratamiento fue con IFN-y solo.
Estos hallazgos pueden ser importantes porque el IFN--y
actualmente se estd utilizando en un buen nUmero de
ensayos clinicos con pacientes con lepra.

RESUME
Les malades de la lepre présentant un erytheme

noueux lépreux sont fréquemment traités avec des gly-
cocorticosteroIdes. Le role que jouent les glycocorti-
costéroIdes et l'interferon-gamma (IFN--y) dans la re-
gulation de ('interaction des cellules phagocytaires avec
Mycobacterium leprae a été examine. Des monocytes
de malades de la lépre recevant un traitement a la
prednisone répondaient in vitro a des concentrations
plus faibles d'IFN--y avec une augmentation de la li-
hération d'anion superoxide en presence de M. leprae
ou de BCG de M. bolls que des monocytes en prove-
nance de sujets sains ou d'autres malades de la lepre.
Bien que le nombre de patients emit limité et la pop-
ulation héterogêne, les données suggérent que la pred-
nisone pourrait modifier refficacité de l'IFN-y et ont
conduit a examiner l'effet des glycocorticosteroIdes sur
l'activation des monocytes par l'IFN--y. Le traitement
par l'IFN-y suivant un pré-traitement in vitro 0 la dexa-
méthasone des monocytes de sujets sains a result& dans
une augmentation de la production d'anion superoxide
par rapport a cello observée suite 0 un traitement par
l'IFN-y seul. Ces observations sont importantes pour
revaluation de Ia fonction immunitaire des malades
parse que l'IFN-y est utilise dans un certain nombre
d'essais cliniques avec des malades de la lepre.
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