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Immunologic Defects in Leprosy Patients.

Il. Interleukin 1, Interleukin 2, and Interferon

Production in Leprosy Patients’
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Voralack Supajatura, Chakrit Hirunpetcharat,
and Vicharn Vithayasai®

Many hypotheses have attempted to ex-
plain the cell-mediated immunity (CMI) de-
fect in lepromatous leprosy. However, the
immunologic defect(s) leading to the re-
duced or absent cellular immunity to My-
cobacterium leprae in lepromatous patients
is not as yet fully understood. Immune
responses are controlled, in part, by soluble
mediators which are produced by cells of
the lymphoreticular system. Some of these
soluble mediators, for example, interleukin
1 (IL-1) and interleukin 2 (IL-2) and inter-
feron gamma (IFN-v), exert various im-
munoregulatory effects on the immune sys-
tem. Recent evidence points to a lack of
lymphokine production in cells from lep-
romatous leprosy patients (3-3-8.11.13),

IL-1, a monokine, exerts a variety of im-
munoregulatory effects, among which is an
ability to react with T cells, preparing them
to respond to subsequent signals. Whether
IL-1, which is necessary along with properly
presented antigen for T-cell stimulation, is
properly secreted by the monocytes of pa-
tients with lepromatous leprosy is also in
question. Some lepromatous patients’ pro-
duction of IL-1 in response to lipopolysac-
charide is poor (7). However, other reports
show that production of IL-1 in response to
M. leprae is as good as that of BCG (%).

IL-2 plays a major role in the immune
response to infectious agents by activating
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the immune responses of the host. Defective
IL-2 production has been reported in many
immunodeficiency diseases. Maximal IL-2
synthesis and secretion require both antigen
(or mitogen) and IL-1 ('°). Recently, it has
been shown that IL-2 treatment in mice re-
sulted in limiting mycobacterial infections
(¢). It was also shown that T-cell-condi-
tioned medium, purified IL-2, or recom-
binant IL-2, when given with M. leprae,
stimulated T-cell proliferation in leproma-
tous leprosy patients’ cells (***). However,
others found only sporadic positive effects
with IL-2 (3 13.15),

Macrophages express nonspecific bacte-
ricidal activity which is greatly enhanced by
local production of immune interferon (IFN-
v) by antigen-reactive T cells (*?). This ma-
jor macrophage-activating factor, IFN-vy,
was found in antigen- and mitogen-stimu-
lated lymphocyte culture supernatants ('2).
IFN-v has been shown to enhance oxidative
metabolism in cultured human monocytes
and to render them capable of killing intra-
cellular parasites (7). Peripheral blood
mononuclear leukocytes (PBML) of lepro-
matous patients were defective in IFN-y
production, but some patients produced in-
terferon when they were simultancously
given M. lepraeand IL-2 (*3). IFN-vy appears
to be the principal factor secreted by anti-
gen-stimulated lymphocytes that activates
macrophages, in the sense that the phago-
cytes more efficiently inhibit or kill patho-
genic microorganisms. Deficient macro-
phage activation may be a characteristic of
borderline lepromatous and polar lepro-
matous leprosy ('2).

We attempted to investigate the defect of
immunoregulation in CMI by studying the
ability of monocytes to produce IL-1 and
PBML to produce IL-2 and IFN using strong
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nonspecific stimulants, PHA-P and ConA,
and a weak specific stimulant, PPD, in var-
ious types of leprosy patients and normal
controls.

MATERIALS AND METHODS

Leprosy patients and normal controls. All
treated and untreated leprosy patients were
seen at the McKean Rehabilitation Center
or the Chiang Mai Christian skin clinic in
Chiang Mai, Thailand. All patients were di-
agnosed and classified by the Ridley and
Jopling classification based on clinical and
histopathological findings ('¢). Untreated
leprosy patients were defined as new cases
or those treated with dapsone (DDS) for not
more than 6 weeks. Treated patients were
cases treated with antileprosy drugs for more
than 6 weeks. Normal controls were vol-
unteer laboratory personnel and students (all
PPD skin-test positive).

Preparation of PBML. Heparinized ve-
nous blood was obtained from normal con-
trols and leprosy patients. PBML were pre-
pared by the standard Ficoll-Hypaque
density centrifugation (?) and washed three
times with RPMI 1640 medium (GIBCO,
Grand Island, New York, U.S.A.). The con-
centration of the PBML was adjusted to 1
x 10° cells/ml in RPMI 1640 medium sup-
plemented with 10% fetal bovine serum
(FBS; GIBCO). The RPMI 1640 medium
always contained 100 units of penicillin and
100 ug of streptomycin per ml.

Separation of monocytes. PBML (4 X
10¢ cells in 2.0 ml medium) were added onto
two 35 X 10 mm plastic plates (Nunc, Kam-
strup, Denmark), and the plates were in-
cubated at 37°C, 5% CO, for 2—4 hr. Non-
adherent cells were washed off by washing
both plates three times with 10% FBS-RPMI
1640 medium, and the number of cells from
one of the plates was counted. The PBML,
nonadherent and adherent cells, were stained
with nonspecific esterase (NSE) stain. The
actual number of monocytes adhering on
the plate was calculated by subtracting the
number of cells washed off from the num-
ber of PBML added, and the percentage of
NSE-positive cells in the adherent cells on
the plate was determined and corrected. The
desired concentration of NSE-positive cells
or monocytes could then be achieved by
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adding a certain amount of 10% FBS-RPMI
1640 medium.

Production and determination of IL-1.
The adhered monocytes of normal controls
or leprosy patients on plastic plates were
adjusted to 2 x 10° NSE-positive cells/ml
by adding various calculated amounts of
10% FBS-RPMI 1640 medium. Lipopoly-
saccharide (LPS; Escherichia coli 0127:B8;
Sigma Chemical Co., St. Louis, Missouri,
U.S.A.) 20 ug/ml was added and incubated
at 37°C, 5% CO, for 24 hr. Cell suspension
was collected, centrifuged, and the super-
natants kept at —70°C for the IL-1 assay.

Determination of IL-1 was done with a
thymocyte suspension from 8-weeck-old
inbred BALB/c mice. The thymocyte sus-
pension was prepared by gently homoge-
nizing the thymus gland in a sterile mesh
with a sterile rubber plunger, washing twice
with RPMI 1640 medium, and adjusting to
3 x 107 cells/ml. Samples for the IL-1 assay
were diluted in serial twofold dilutions with
a final volume of 600 ul for each dilution.
The thymocyte suspension, 100 ul, was
added and mixed. Then 30 ul of PHA-P
(Difco Laboratories, Detroit, Michigan,
U.S.A.; 20 ug/ml) was added and mixed well.
After 200 ul of the mixture was added in
triplicate to wells of 96-well, flat-bottom tis-
sue-culture plates (Nunc) and incubated at
37°C, 5% CO, for 72 hr, 25 ul of tritiated
thymidine (8 uCi/ml) was added to each
well, and the plates were incubated for 2 hr.
The culture was harvested onto glass mi-
crofiber filters using a cell harvester (PHD;
Cambridge Technology, Inc.), and the ra-
dioactivity was counted in a liquid scintil-
lation counter (LS 3801; Beckman Scientific
Instruments, Inc., Fullerton, California,
U.S.A)). Levels of IL-1 were expressed in
unit per milliliter by comparison with com-
mercial standard human IL-1 (Human in-
terleukin 1, ultrapure; Genzyme, Massa-
chusetts, U.S.A)).

Production and determination of IL-2.
PBML (1 x 10°¢ cells/ml) were stimulated
with 2 ug/ml PHA-P (Wellcome, U.K.) or
40 pg/ml ConA (Sigma) or 10 ug/ml PPD
(Connaught, Canada) and incubated at 37°C,
5% CO, for 18 hr for mitogens and 48 hr
for PPD. All of these optimal conditions
were determined previously by our own lab-
oratory. The cell cultures were harvested
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THE TABLE. Separation and purification of monocytes from peripheral blood mono-
nuclear leukocytes of leprosy patients and normal controls.

% Cell adherence

% Positive NSE* cells

. +
Subjects No. e = SD)) (mean + S.D.)
Nonadherent Adherent

Leprosy patients

TT 9 11.89 £ 1.78 3.56 £ 1.26 87.78 = 1.75

BT 15 8.67 £ 2.26 3.73 = 1.69 91.60 = 2.27

BB 3 7.17 = 1.03 2.00 = 1.41 91.33 + 3.68

BL 5 6.50 = 0.84 2.60 = 0.49 92.40 = 1.62

LL 27 9.76 = 2.29 3.67 £ 1.22 89.74 + 2.94
Normal controls 17 12.00 = 2.30 3.71 £ 1.13 88.94 = 2.39

» NSE = nonspecific esterase stain positive.

and centrifuged. To the supernatant was
added 10 mg/ml a-methyl-D-mannoside
(Sigma). The supernatant was sterile filtered
and then stored at —70°C for the IL-2 assay.
Samples for the IL-2 assay were diluted
in serial twofold dilutions of 100 gl in trip-
licate and added to each well of a 96-well
tissue-culture plate. The IL-2-dependent
mouse T-cell line, CTLL-2, 100 ul (8 x 103
cells/100 ul), was added to each well and
the plate was incubated for 24 hr. After 50
ul of 3H-thymidine (0.2 uCi/50 ul) was
added for 18 hr, the cultures were harvested
onto glass microfiber filters and the *H-thy-
midine incorporation was determined by a
liquid scintillation counter (Beckman; LS
3801). The levels of IL-2 were expressed in
units per milliliter by comparison with the
commercial standard human IL-2.
Production and determination of interfer-
on. The production of interferon was sim-
ilar to that of IL-2. Samples for the inter-
feron assay were diluted in serial twofold
dilutions as in the IL-2 assay. FL 5-1 cells,
75 ul (1.5 x 103 cells/ml), were then added
to each well. After 24 hr of incubation, 50
ul of vesicular stomatitis virus (2 x 103
plaque-forming units) was inoculated into
cach well. The cytopathogenic effect (CPE)
was examined after a further 24-hr incu-
bation. Complete or 100% CPE was ob-
tained in the virus control well, while the
cell control well of FL 5-1 was completely
intact. Cells in each well were fixed with
10% Formalin and then stained with 0.4%
crystal violet in 70% methanol. Antiviral
activity was expressed in interferon titer
units and is defined as the reciprocal of the
highest dilution of the sample which re-
duced the number of viral plaques by 50%.

In our IFN assay, reference laboratory stan-
dard IFN was produced by PHA-P (2 ug/
ml) stimulation of 2 X 10¢ cells/ml human
PBML for 48 hr.

RESULTS

The Table shows the separation and pu-
rification of monocytes from the PBML of
leprosy patients and normal controls. The
percentages of adhering cells in BT, BB, BL,
and LL patients are significantly lower than
in normal controls (p < 0.001, p < 0.005,
p < 0.001, and p < 0.005, respectively).
However, there is no significant difference
between TT patients and normal controls.
When the percentages of the adhering NSE-
positive cells in TT, BB and LL patients are
compared with normal controls there are no
significant differences (all have p > 0.05).
However, significant higher values were ob-
tained in BT and BL patients than in normal
controls (p < 0.05 and p < 0.01, respec-
tively).

Figure 1 depicts IL-1 production from
leprosy patients and normal controls stim-
ulated with lipopolysaccharide (LPS). There
are significantly lower IL-1 levelsin LL, BL,
BB and BT patients compared to normal
controls (p < 0.001, p < 0.05, p < 0.005,
and p < 0.05, respectively). However, there
is no significant difference between TT pa-
tients and normal controls.

Figure 2 illustrates IL-2 production from
PBML of patients and normal controls when
stimulated with ConA. IL-2 levels from
these different groups of leprosy patients are
not significantly different from normal con-
trols.

Figure 3 shows the levels of IL-2 pro-
duction from PBML of leprosy patients and
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10%/ml monocytes of LL, BL, BB, BT and TT leprosy
patients and normal controls when stimulated with
lipopolysaccharide (LPS). — = mean * S.E.; figures
in parentheses = number of subjects. NOTE: a) Un-
stimulated monocyte cultures from LL, BL, BB, BT
and TT patients and normal controls contained IL-1
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normal controls when stimulated with
PHA-P. IL-2 levels from the different groups
of leprosy patients are also not different from
the levels of normal controls.

Figure 4 depicts the levels of IL-2 pro-
duction from patients and normal controls
when PBML are stimulated with PPD. The
IL-2 levels from the treated BL/LL and
trecated BT/TT patients are significantly
lower than normal controls (p < 0.01 and
p < 0.01, respectively). IL-2 levels from
untreated BL/LL and untreated BT/TT pa-
tients are highly significantly lower than in
normal controls (p < 0.001 and p < 0.001,
respectively). When treated BL/LL and
treated BT/TT patients are compared with
untreated BL/LL and untreated BT/TT pa-

of subjects.

tients, respectively, there are significant dif-
ferences (p < 0.05 and p < 0.05, respec-
tively).

Figure 5 shows IFN production from lep-
rosy patients and normal controls when
stimulated with PHA. The IFN levels from
the different groups of leprosy patients are
not significantly different from normal con-
trols.

Figure 6 shows the IFN production from
leprosy patients and normal controls when
stimulated with PPD. IFN levels from treat-
ed BL/LL, untreated BL/LL and treated BT/
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treated and untreated BL/LL and BT/TT patients and
normal controls when stimulated with PPD, — = mean;
figures in parentheses = number of subjects.

do not show any difference from the normal
controls.

DISCUSSION

Haregewoin, et al. (**#) presented data that
T-cell-conditioned media, purified IL-2 or
recombinant IL-2, when given with M. lep-
rae, stimulated T-cell proliferation in lep-
romatous patients’ cells. However, the re-
sponse was somewhat variable and suggested
that some M. leprae-reactive T cells were
present in lepromatous patients but were
suppressed. Others found sporadic positive
effects with IL-2 ('3 '%). Kaplan, et al. ()
reassessed M. leprae T-cell proliferative re-
sponses in a large group of patients. They
concluded that lepromatous patients were
cither entirely anergic or very weakly pos-
itive and that IL-2 enhanced only weakly
positive responses and then only by a small
amount. In no case could reversal of anergy
be shown. We have studied large numbers
of treated BL/LL, untreated BL/LL, treated
BT/TT and untreated BT/TT patients, along
with considerable numbers of normal sub-
jects, for IL-2 production stimulated with
PHA-P or ConA or PPD or M. leprae. Our
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results show that IL-2 production from the
various groups of leprosy patients men-
tioned above is not different from normal
subjects when stimulated with either PHA-P
or ConA. However, when PPD is used as
the stimulating agent, significantly lower
IL-2 levels were found in treated and un-
treated BL/LL and treated and untreated
BT/TT patients as compared to normal
controls, and to untreated BL/LL as com-
pared to treated BL/LL patients, and un-
treated BT/TT as compared to treated BT/
TT patients.

Our finding shows that IL-2 production
is not different between normal controls and
leprosy patients when stimulated by mito-
gens, such as PHA-P or ConA, which are
strong stimulating agents. However, when
stimulated by PPD, one can see differences
in IL-2 production. We tried to stimulate
IL-2 production in various types of leprosy
patients and PPD skin-test-positive normal
controls by M. leprae. However, very low
levels or no IL-2 were produced by these
subjects (%).

IL-1 is a potent inducer of the production
of lymphokines and cytokines by many dif-
ferent cells ('). Therefore, in theory, the in-
ability to produce IL-1 could result in im-
munologic defects. To date, however, no
specific disease states have been attributed
to either a specific or nonspecific deficit in
IL-1 production or response ('*). Watson,
et al. (') showed that adherent cells from
PBML of six untreated BT/TT and two un-
treated BB patients produced IL-1 in quan-
tities within the normal range when stim-
ulated with LPS or phorbol myristate acetate
(PMA). However, adherent cells from 5 of
13 BL/LL patients (39%) did not produce
detectable IL-1 in response to LPS or PMA.
It was also shown that the numbers of ad-
herent cells recovered from the PBML of
BL/LL patients were significantly greater
than those from normal controls, while BB
or TT patients showed no differences. Using
PBML from four lepromatous leprosy pa-
tients, Haregewoin, et al. (*) showed that
IL-1 production was normal when stimu-
lated with M. leprae and BCG. It was very
difficult to evaluate and interpret their re-
sults when PBML was used in the study due
to the differences in quantities and the ad-
herent properties of monocytes from each
individual.
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We have carefully studied the production
of IL-1 from monocytes of various types of
leprosy patients and normal subjects. Using
the same technique for isolation of mono-
cytes from leprosy patients and normal sub-
jects, we noted that the adhering properties
of monocytes from various types of leprosy
patients were quite different from normal
subjects. There was a lower percentage of
cells adhering to the plastic plates in BT,
BB, BL and LL patients than in normal sub-
jects; however, no differences were noted
between TT patients and normal controls.
From our data, one can see that if one stud-
ies IL-1 production from the monocytes of
leprosy patients, using the surface adher-
ence technique for isolation and separation
of monocytes, different concentrations of
monocytes will be obtained. Therefore, the
appropriate techniques and corrections have
to be used in order to get the same concen-
tration of monocytes from different sub-
jects. Using 2 x 10°/ml of monocytes from
various types of leprosy patients and normal
controls for IL-1 production, lower levels
of IL-1 were obtained in the LL, BL, BB
and BT patients than in normal controls;
no differences were observed between TT
patients and normal controls.

IFN-v is an important mediator of both
antimicrobial activity and hydrogen per-
oxide secretion in mononuclear phagocytes
(?). Defective IFN-vy production was found
in 17 out of 18 BL/LL patients in response
to M. leprae antigen or mitogen ConA, while
BB patients and a few BT/TT patients dis-
played intermediate responses and most BT/
TT patients showed vigorous IFN-y pro-
duction in response to both antigen and mi-
togen ('3). Another study showed that most
of the BL/LL patients produced low levels
of IFN-v in response to antigens of both M.
leprae and BCG, while producing high levels
of IFN-v in response to ConA. On the other
hand, BT/TT patients produced high levels
of IFN-vy in response to M. leprae, BCG,
and ConA (®). Our study shows that there
were no differences in IFN levels between
leprosy patients and normal controls when
PBML were stimulated with PHA or ConA.
However, when PPD was used as the stim-
ulating agent, significantly lower levels of
IFN were observed in treated and untreated
BL/LL and treated BT/TT patients as com-
pared to normal controls; the number of
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untreated BT/TT cases was too low for sta-
tistical comparison.

The mechanisms behind the failure of
leprosy patients’ monocytes and lympho-
cytes to produce IL-1 and IL-2 and IFN in
response to LPS and PPD, respectively, re-
quires further investigation and evaluation.

SUMMARY

The capabilities of monocytes and lym-
phocytes in peripheral blood mononuclear
leukocytes (PBML) to produce interleukin-1
(IL-1), IL-2, and interferon (IFN), respec-
tively, were evaluated in various types and
treatments of leprosy patients. IL-1 pro-
duction in response to lipopolysaccharide
was significantly lower in LL, BL, BB, and
BT patients than in normal controls. How-
ever, there were no differences in IL-1 levels
between TT patients and normal controls.
The percentages of nonspecific-esterase-
positive cells adhering to the plastic surfaces
were not differentin LL, BBand TT patients
when compared to normal controls. How-
ever, they were significantly higher in BT
and BL patients than in normal controls.

When PBML from leprosy patients were
stimulated with concanavalin-A (ConA) for
IL-2 production, there were no differences
in the IL-2 levels in treated BL/LL, untreat-
ed BL/LL, treated BT/TT, and untreated
BT/TT patients compared to normal con-
trols. Similar results were obtained when
PBML were stimulated with phytohemag-
glutinin-P (PHA-P). However, when puri-
fied protein derivative (PPD) was used as
the stimulating agent, there were signifi-
cantly lower IL-2 levels in treated BL/LL,
untreated BL/LL, treated BT/TT, and un-
treated BT/TT patients when compared to
normal controls. There were also lower IL-2
levels in untreated BL/LL and BT/TT pa-
tients compared to treated BL/LL and BT/
TT patients, respectively.

PBML were stimulated with PHA-P or
ConA for IFN production. There were no
differences in the IFN levels in treated BL/
LL, untreated BL/LL, treated BT/TT, and
untreated BT/TT patients compared to nor-
mal controls. However, when PPD was used
as the stimulating agent, there were lower
IFN levels in treated BL/LL, untreated BL/
LL, and treated BT/TT patients compared
to normal controls.
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RESUMEN

Se evalud la capacidad de los monocitos y los lin-
focitos de la sangre periférica de pacientes con varios
tipos de lepra y tratamientos para producir, respecti-
vamente, interleucina-1 (IL-1) o IL-2 e interferén (IFN).
La produccion de IL-1 en respuesta a lipopolisacarido
fue significativamente mayor en los controles sanos que
en los pacientes LL, BL, BB y BT. Los pacientes TT y
los controles sanos produjeron niveles equivalentes de
IL-1. Los porcentajes de células adherentes esterasa-
positivas fueron similares en los pacientes LL, BB y
TT y en los controles sanos. Sin embargo, ellos fueron
significativemente mayor en los pacientes BT y BL que
en los controles normales.

La produccion de IL-2 estimulada por concanava-
lina A (Con-A) o por fitohemaglutinina P (FHA-P) fue
comparable en los pacientes BL/LL tratados y no tra-
tados, en los BT/TT tratados y no tratados y en los
controles sanos. Sin embargo, cuando la estimulacion
de los leucocitos s¢ hizo con PPD, los pacientes BL/
LL tratados y no tratados y los BT/TT tratados y no
tratados, tuvieron niveles de IL-2 significativamente
menores que los controles normales. Los pacientes BL/
LL y BT/TT no tratados produjeron menos IL-2 que
los correspondientes pacientes tratados.

La produccion de IFN, estimulada con FHA-P o
Con-A, fue similar en los pacientes BL/LL tratados y
no tratados, en los BT/TT tratados y no tratados, y en
los controles sanos. Con ¢l PPD, sin embargo, los ni-
velesde IFN en los pacientes BL/LL y BT/TT, tratados
y no tratados, fueron mas bajos que en los controles
normales.

RESUME

On a évalué dans différents types de Ieépre, et au cours
de différents schémas de traitement, la capacité des
monocytes et des lymphocytes du sang périphérique,
a produire de I'interleukine-1 (IL-1), I'interleukine-2,
et de I'interferon (IFN). La production d’interleukine-
1, en réponse au lipopolysaccharides, était significati-
vement abaissée chez les malades atteints de lépre LL,
BL, BB, et BT, par rapport aux témoins normaux.
Néanmoins, on n’a pu noter aucune différence dans les
taux d’interleukine-1 entre les malades TT et les té-
moins en bonne santé. Les pourcentages de cellules
positives pour I’esterase, mais non spécifiques, qui ad-
hérent aux surfaces plastiques, n’étaient pas différents
chez les malades LL, BB et TT lorsqu’on les comparait
a des témoins normaux. Néanmoins, les pourcentages
était significantivément elevée dans de Iépre BT et BL
par rapport aux témoins normaux.

Lorsque ces leucocytes mononucléaires du sang pé-
riphérique, recueillis chez des malades de la 1épre, étaient
stimulés par la concanavaline-A (ConA), en vue de
produire de I'interleukine-2, aucune différence n’a été
notée dans les taux d’interleukine-2 chez les malades
BL/LL traités, chez les malades BL/LL non traités,
chez les malades BT/TT traités, et chez les sujets BT/
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TT non traités, par rapport aux témoins normaux. Des
résultats semblables ont ¢té obtenus lorsque ces leu-
cocytes mononucléaires ¢taient stimulés par la phy-
tohémagglutinine-P (PHA-P). Toutefois, lorsqu’on uti-
lisait le dérivé protéinique purifi¢ (PPD) comme agent
de stimulation, on a relevé des taux d’interleukine-2
significativement plus faibles chez les BL/LL traités,
les BL/LL non traités, les BT/TT traités, et les BT/TT
non traités, par comparaison avec les témoins nor-
maux. On a également observé un abaissement des taux
d'interleukine-2 chez les sujets BL/LL non traités, et
chez les malades BT/TT non traités, lorsqu’on les
comparait aux individus BL/LL traités et aux BT/TT
traités.

La production d’interferon par les leucocytes mono-
nucléaires du sang périphérique a été stimulée par le
PHA-P ou la ConA.

Aucune différence n'a ¢té notée dans les taux d'in-
terferon chez les malades BL/LL traités, les BL/LL non
traités, les BT/TT traités, et les BT/TT non traités, par
rapport aux témoins normaux. Cependant, lorsque le
PPD était utilisé comme agent de stimulation, on a
enregistré des taux d’interferon plus faibles chez les
BL/LL traités, BL/LL non traités, et BT/TT traités,
que chez les témoins normaux.
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