
IN IFFCSA HONAI JOURNAI OF 1.1.PROSY^ VOILIMC 48, Number 3
Printed in the U.S.A.

Peripheral Blood Monocyte Function in
Leprosy Patients'

Aoi Masuda and Morton A. Scheinberg 2

It has been shown that lepromatous pa-
tients are allergic to lepromin and that the
anergy observed in vivo is paralleled by the
inability of these patients' lymphocytes to
respond to Mycobacterium /eprae antigens
( 13 ) and also by their failure to produce mac-
rophage inhibitory factor (MIF) in response
to these antigens ( 3 ). There is growing evi-
dence that the basic defect is a specific one
and that nonspecific abnormalities in cel-
lular immunity are due to an inability to
eliminate the Af. leprae ( 7 •'").

The mononuclear phagocyte system
plays an important role in several manifes-
tations of cellular immunity, including gran-
uloma formation, immune complex disease,
and, particularly, in infection by intracel-
lular parasites ( 12 • ' 7 . 1 1. Conceivably, the
depressed delayed hypersensitivity in lep-
rosy is caused by defective macrophage
function.

There is evidence that tissue macro-
phages are derived from peripheral blood
monocytes. Since this cell is readily obtain-
able as a mononuclear phagocyte, our pres-
ent studies were designed to investigate
monocyte function in patients with lep-
romatous leprosy and to compare the find-
ings with those observed in tuberculoid lep-
rosy patients and normal controls.

MATERIALS AND METHODS
Subjects. Fifty-seven leprosy patients

and 20 normal controls were studied. The
lepromatous group consisted of 32 patients,
ten females and 22 males, ranging from 18-
55 years in age (average 32) and disease
duration ranging from 2-10 years (average
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seven). The tuberculoid group consisted of
25 patients, ten females and 15 males, rang-
ing from 19-50 years (average 31) and dis-
ease duration ranging from 2-12 years (av-
erage five). These patients were classified
as lepromatous (1,L) or tuberculoid (Tr)
leprosy by clinical, histological, and bac-
teriological methods. Most of the patients
in the TT group had single or few lesions,
often self-healing. Patients with LL had
progressive and disseminated disease.
Samples were collected before treatment
was started.

Peripheral blood monocytes. Monocytes
were isolated from peripheral blood mono-
nuclear cells obtained by passage on Ficoll-
Hypaque gradients with attachment of
monocytes onto coverslips in Leighton
tubes. The mononuclear cell suspension
was kept for 60 min in medium containing
10% human A13 serum, and nonadherent
cells were removed by washing with excess
medium.

Monocyte receptor activity. This was as-
sayed by determining the avidity of binding
of sheep erythrocytes coated with specific
rabbit IgG antibody (EA) or with human
erythrocytes coated with rabbit IgM anti-
body and complement (HEAC). I3oth re-
agents were prepared as previously de-
scribed in Hanks' balanced salt solution

The binding of EA and HEAC to Fc
and C3 receptor sites was determined by
layering of 0.5% EA or HEAC over mono-
cytes attached to coverslips for 30 min at
37°C. The coverslips were washed and
stained with Leishman's solution. The
binding of EA and HEAC was assessed by
counting the number of these complexes
adhered to or ingested by the monocytes.
The results were expressed as the percent-
age of monocytes that bind sensitized red
cells multiplied by the mean number of red
cells attached and/or ingested per mono-
cyte, this being termed the "attachment in-
dex.• Adherence and uptake of red cells
without antibody or complement were used
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as controls. Determinations for each pa-
tient were made in duplicate, and the re-
sults represent the arithmetic mean of these
two determinations. The individual vari-
ability of this test was previously shown by
us to be within an acceptable range.

Nitrohlue tetrazolium test (NI31). Re-
duction of the NUT dye by monocytes was
tested according to the technique described
by Park and Good with minor modifications
("). Heparinized venous peripheral blood
was obtained, and the leukocyte rich plas-
ma (3 x 10" cells) was added to 0.4 ml of
a solution of 0.1% NBT in phosphate-huff-
ered saline (PBS), pH 7.2 (NBT without
previous stimulation). In the stimulated
N131' assay 10 pg of Eschcrichia c uli endo-
toxin (Difco Laboratories, Detroit, Michi-
gan, U.S.A.) was added to the system.

The incubation of cells and the dye was
carried out for 15 min at 37°C, followed by
an additional 15 min at room temperature.
Afterwards, smears were made on a glass
slide, fixed, and stained with Leishman's
solution. The percentage and absolute mini-
her of monocytes that contained formazan
precipitates in their cytoplasm were evalu-
ated using a light microscope, under oil im-
mersion.

Glucosamine incorporation. It has been
previously shown that the uptake of labeled
glucosamine in peripheral blood mononu-
clear cells is made preferentially by mono-
cytes'". We have recently confirmed this
finding in our laboratory (unpublished ob-
servations). In this study we used this assay
to determine monocyte function in leprosy
patients. Culture tubes containing 2 x 10"
mononuclear cells in Minimum Essential
Medium with 10% human AB serum were
incubated for 24 hr at 37°C with I pCi of
tritium-labeled glucosamine (New England
Nuclear, Boston, Massachusetts, U.S.A.)
in a 5% CO„ incubator. After this period,
the tubes were washed, centrifuged at 200 x
g, and the radioactivity associated with the
cell pellet was determined by precipitation
with 5% trichloroacetic acid followed by
solubilization with Protosol" and counted
in a liquid scintillation counter (Model LS-
100C, l3eckman Instruments, Inc.). The re-
sults were expressed as counts per minute.
The proportion of monocytes in the mono-
nuclear cell suspensions obtained by Ficoll-
Hypaque gradients ranged from 2 to 25%

C..,b and Fe receptor sites in
peripheral blood monocytes QI'lepromatous
and tuberculoid leprosy patients and nor-
mal controls. Data presented as mean at-
tachment index ± standard deviation.

Receptor sites
Subjects

Fe

1.eproinatous 15 558 135' 529 ±^110"
Tuberculoid 10 481 ±^102• 406 ± I37''
Nornials 20 245 ± 70 270^105

" p < 0.02 compared to normals.
" p • - 0.02 compared to normals.

esterase positive cells as determined by the
technique described by Yam, et al. CI. In
our hands, glucosamine incorporation by
lymphoid cells is negligible.

Preparation of chemotactic factor for
monocytes. Lymphocyte derived chemo-
tactic factor (I,DCF) was used to evaluate
monocyte chemotaxis. This was obtained
by culturing 2 x 10" cells from normal do-
nors ( LDCF-N) in 1 nil of Minimum Essen-
tial Medium (MEM) with 2 lig of Concanav-
alin A in a 5% CO, incubator for 48 hr at
37°C. At the end of the incubation period,
the culture tubes were centrifuged at 200 x
,g for 15 min and the supernatant, harvested
under sterile conditions, was stored at
—20'C until the assay was performed.

Chemotactic assay. The assay for mono-
cyte chemotaxis was performed as follows.
Briefly, 0.2 ml of the mononuclear cell sus-
pension at a concentration of 3 x 10"
mononuclear cells/m1 was placed in the tip-
per compartment and the lymphocyte de-
rived chemotactic factor obtained from nor-
mal donors (LDCF-N) in the lower
compartment of a chemotactic chamber.
After 90 min of incubation at 37°C, the filter
(Nucleopore', 5 p pore size) was removed,
stained, and quantitated by counting the
number of monocytes that had migrated
through the filter in 20 high power fields.
The spontaneous migration activity of the
various cell preparations was assessed by
determining the number of cells which had
migrated into the medium alone. This value
was subtracted from the response of the
cell suspension to the chemotactic factor
activity.

Studies on circulating inhibitors of chemo-
taxis. To test for the presence of plasma
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TABLE 2. Spontaneous and stimulated reduction of the NBT dye by peripheral blood
monocytes of lepromatous and tuberculoid leprosy patients and normal controls. Data
presented as mean percentage and absolute numbers per min 3 of NBT positive monocytes
± standard deviation.

NBT test

" p < 0.002 compared to normals.
" p < 0.02 compared to normals.

factors inhibiting cell migration, 3 x 10"
cells from normal donors were incubated
with plasma from lepromatous or tubercu-
loid patients and normal controls at a 10%
concentration in MEM for 60 min at 37°C.
After this period, the cells were washed and
added to the upper compartment of a che-
motactic chamber. Monocyte chemotactic
factor obtained from lymphocytes of nor-
mal donors (LDCF-N) was placed in the
lower compartment. The assay was per-
formed as described for monocyte chemo-
taxis. The results were expressed as the
percentage inhibition of the chemotactic
activity obtained with normal monocytes
incubated with normal plasma.

Statistical analysis. Comparisons among
the various groups in the receptor cell as-
say, NBT test, and glucosamine incorpo-
ration were performed by the Kruskal-Wal-
lis analysis of variance. Comparisons in the
stimulated and non-stimulated NBT test

TABLE 3. Glucosamine incorporation by
peripheral blood monocytes of lepromatous
and tuberculoid leprosy patients and nor-
mal controls. Data presented as mean
counts per minute ± standard deviation.

Glucosamine
incorporation

Lepromatous 8 3344 ± 1002
Tuberculoid 9 2098 ± 1312
Normals 14 2363^800

were performed by the Wilcoxon's test.
Other comparisons were performed accord-
ing to the Mann-Whitney test. The null hy-
pothesis was rejected at p = 0.05.

RESULTS
Monocytes from patients with leproma-

tous and tuberculoid leprosy revealed a sig-
nificant increase in the extent of attachment
and/or ingestion of EA and HEAC as com-
pared to normals. No differences were ob-
served in the attachment index of these
complexes between LL and TT patients
(Table 1).

The results of the monocyte counts and
the NBT test on leprosy patients are shown

TABLE 4. The chemota.yis of monocvtes
front lepromatous and tuberculoid leprosy
patients and normal controls. Results ex-
pressed as mean number of leukocytes
which completely migrated through the fil-
ter in 20 high potter microscopic fields 14:
standard deviation.

Monocyte migration

Medium LDCF-N"

Lepromatous 15 14±5''5'' 24 ±
Tuberculoid 10 6"16±6'' 28 ± 10'
Normals 20 30 ± 15 92 ± 25

" LDCF-N = lymphocyte derived chemotactic fac-
tor obtained from normal controls.

p < 0.05 compared to normal controls.
p < 0.002 compared to normal controls.

Subjects^N

Subjects
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in Table 2. The spontaneous and the stim-
ulated reductions of the NBT dye were sig-
nificantly elevated in LL and TT when
compared to normal controls; no differ-
ences were observed between the two polar
forms of leprosy. Analysis of the data either
by percentages or absolute values did not
change the overall interpretation of the re-
sults. Monocyte counts in LL, TT, and
controls were within the normal range.

Glucosamine incorporation into periph-
eral blood monocytes was also evaluated in
leprosy patients (Table 3). No marked dif-
ferences were observed between LL, TT,
and normal controls.

The chemotaxis of monocytes from lep-
romatous and tuberculoid leprosy patients
and normal controls is shown in Table 4.
Monocytes from LL and TT patients mi-
grated to medium alone and to LDCF-N
significantly less than monocytes from nor-
mal controls. There were no differences in
monocyte migration between LL and TT
patients.

The effect of leprosy plasma on the che-
motactic activity of normal monocytes is
shown in Table 5. A marked inhibition of
the chemotactic activity of normal mono-
cytes was observed by treatment with plas-
ma from LL patients when compared to
plasma from TT patients (Table 5).

DISCUSSION

It is well known that patients with lep-
rosy have defects in the expression of de-
layed hypersensitivity. Several theories
have been offered to explain defective cel-
lular immunity in leprosy. Genetic defects,
impairment of thymus dependent lympho-
cyte function, and the presence of serum
inhibitors that can interfere with lympho-
cyte function have all been implicated. Al-
though the monocyte-macrophage system
has been shown to play an important role
in the relationship between facultative or
obligate intracellular parasites and their
hosts, this relationship in leprosy is poorly
understood ("). The problems of macro-
phage function in lepromatous leprosy have
been previously pinpointed by Beiguelman,
who described a failure of lepromatous
macrophages to lyse autoclaved M. leprae
in vitro (a). However, other studies have
failed to confirm these observations ( 1 . 5 .").

TABLE 5. Effi, ct of plasma from lep-
romatous and tuberculoid leprosy patients
on the chemotactic activity of normal
monocytes to lymphocyte derived chew°.
tactic factor obtained from normal controls
(LDCF-N). Results are expressed as the
mean percentdi,, e inhibition of the chemo-
tactic activity obtained with 1101 . /11(11 mono-
cytes treated with homologous normal
plasma.

Inhibition
of chemotactic

activity
(range)

Lepromatous^5
^

61"
(38-96)

Tuberculoid
^

30
(11-46)

p < 0.03 compared to the degree of inhibition seen
with tuberculoid plasma.

Macrophages from leprosy patients do not
support the survival and growth of M. lep-
rae in vitro any better than macrophages
from tuberculoid or healthy subjects, and
they show a normal capacity to kill other
microorganisms.

The increased attachment and/or inges-
tion of EA or HEAC by LL and TT mono-
cytes when compared to normals is consis-
tent with an augmented density of Fc and
C„b receptor sites on these cells. Douglas,
et al. (') have shown increased receptor
activity in monocytes from sarcoidosis pa-
tients, apparently reflecting monocyte ac-
tivation_ Our results are similar although
we were unable to demonstrate a difference
in monocyte receptor activity between LL
and TT patients. If we consider the pres-
ence of different bacterial loads known to
be present in the two polar forms of the
disease, we could expect a different degree
of macrophage activation between LL and
TT patients. It should he pointed out, how-
ever, that our studies were performed on
newly-formed blood monocytes, and their
activities in relation to the activities of tis-
sue macrophages associated with leproma-
tous lesions can only be circumstantial at
the present time.

Evaluation of the intracellular metabo-
lism of monocytes as it relates to the gen-
eration of superoxide was determined
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by the reduction of NBT. The spontane-
ous and stimulated reductions of the dye
in LL and TT were greater than that ob-
served in normals. Analogous to the re-
sults with monocyte receptor activity, no
significant differences could he detected
between the two polar forms of the disease.
These results are similar to those obtained
by Lim, et al. ("). The unstimulated reduc-
tion of N I3T appears higher in patients than
in controls, implying that the patients'
monocytes behave as though they are al-
ready stimulated.

Increased glucosamine incorporation by
activated macrophages has been previously
shown in experimental animals ( 8 ' 1 ") and
more recently in humans. In contrast to the
results obtained with the monocyte recep-
tor activity and NM' tests, we could not
observe significant enhancement of glucos-
amine incorporation in monocytes from LL
and TT patients when compared to nor-
mals. The fact that monocytes from LL and
IT patients were capable of incorporating
glucosamine (a lymphokine dependent as-
say) seems to confirm observations made
by others that lepromatous macrophages
appear to be capable of responding physi-
ologically to T cell dependent activation
and mobilization ( 7 ).

In the present study we have found that
monocyte migration is impaired in both
forms of leprosy, i.e., lepromatous and tu-
berculoid, when compared to healthy con-
trols. This reduced chemotaxis may he due
to the presence of an inhibitory plasma fac-
tor since we have found that leprosy plasma
depresses the chemotactic response of nor-
mal monocytes. The plasma inhibition of
normal monocyte chemotaxis was the only
major difference between LL and TT pa-
tients. These observations as well as the
effect of plasma from LL and TT patients
on other monocyte-macrophage functions
are presently under investigation in our lab-
oratory.

Although LL and TT patients clearly dif-
fer in their capacity to clear M. leprae from
tissues, our results point to a state of mono-
cyte activation in both LL and TT patients.
Whether this difference is a reflection of an
intrinsic cellular abnormality in monocytes-
macrophages or a defective interaction be-
tween these cells and lymphocytes (') in LL
cannot be determined at this time. We tend

to favor the second hypothesis since LL
patients' monocytes showed augmented re-
ceptor activities and augmented N BT re-
duction capacities when compared to those
from normals. Defects in amplification of
the immune response by serum factors or
lymphokines may he responsible for the in-
ability of LL patients to eliminate M. lep-
rae. These possibilities should he the sub-
jects of future investigations.

SUMMARY

The activities of monocytes from lep-
romatous (1.1.) and tuberculoid (TT) lep-
rosy patients were studied in a variety of in
vitro systems. In assays of receptor activi-
ty, increased densities of Fc and C„b recep-
tor sites were observed in monocytes of LI,
and IT patients as compared to normals.
No differences were observed between the
polar forms of the disease. Similar results
were obtained in the nitroblue tetrazolium
(NBT) reduction test. Glucosamine incor-
poration by monocytes from LI, and IT
patients was not significantly different from
that by monocytes from normal controls. A
diminished monocyte spontaneous migra-
tion and chemotactic activity to lympho-
cyte derived chemotactic factor ( LDCF)
was found in both forms of the disease.
Plasma inhibitory factor of monocyte
chemotaxis was more evident in the lep-
romatous form of the disease.

RESUMEN

Se estudiaron las actividades de los monocitos de

pacientes con lepra lepromatosa (LL) o lepra tuber-

culoide (yr) en unit variedad de sistemas in vitro. En

los ensayos para medir Ia actividad de receptor, se

observaron incrementos en las densidades de los re-

ceptores para Fc y C„b en los monocitos de los pa-

cientes LL y rr. en comparaciOn con los normales.

No se encontraron diferencias entre las formas polares

de In enfermedad. En Ia prueba de Ia reducciOn del
nitroazul de tetrazolio (NBT) se observaron resultados

similares. La incorporaciOn de glucosamine por los

monocitos de los pacientes LL y TT no fue significa-

tivitmente diferente de Ia mostrada por los controles
normales. En ambits formas de la enfermedad se en-

contro disminuida In migracion espontanea de los

monocitos y su quimiotaxis en presencia de un factor

quimiotactico derivado de linfocitos. El factor plas-

matic° inhibitorio de Ia quimiotaxis de los monocitos
fue mas evidente en Ia forma lepromatosa de la enfer-

medad.
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RESUME
Dans tine variete du systeme in vitro• on a etudie

l'activite de monocytes provenant de malades atteints
de epic lepromateuse (I.I.) et tuberculoide (TT). Lors
d'essais devaluation de l'activite du recepteur, on a
observe tine augmentation de la densite des sites de
reception Fc et C : ,b, dans les monocytes provenant tie
malades LI. et TT, par comp: raison avec des mono-
cytes provenant de sujets normaux. Des resultats an-
alogues out etc obtenus par l'epreuve de reduction du
nitroblue tetrazolium INI3T). L'incorporation de 1._41u-
cosamine par les monocytes provenant de ma lades
et TT n'etait pas significativernent differente de celle
observee pour des nionocytes ()Menus chez des te-
moins normaux. Une diminution de la migration spon-
tanee des monocytes, de mime qu'une diminution de
l'activite chimiotactique pour le facteur chinnotac-
tique derive des lymphocytes (1.1)CF) a etc observee
dans les deux formes de maladie. 1.e facteur inhihiteur
du plasma de It chimiotaxie des monocytes etait plus
facilcinent mis en evidence dans Ia forme leproma-
tense de la maladie.
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