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and the enzyme activity measured in mem-
brane suspension prepared from the same
portion (r = —0.38; N = 29; p < 0.05). One
likely interpretation is that dapsone pro-
motes the increase in enzyme activity in the
hemolysate by releasing enzyme molecules
attached to the cell membrane.

Data concerning the eight determinations
of NADH-methemoglobin reductase activ-
ity in the supernatant of ghost suspension,
before and after the treatment with dapsone,
strongly supports this interpretation. The
mean enzyme activity before the incubation
with dapsone was 9.13 units (S.D. = 2.17).
After the incubation with the drug, the mean
value jumped to 42.00 units (S.D. = 18.38),
the difference being highly significant as
shown by paired observation analysis (t
5.53; DF = 7; p < 0.01). It is also note-
worthy that the coefficient of variation in-
creased from 23.75% to 43.77%, which is
in accordance with the great variance ob-
served in the activity of NADH-methe-
moglobin reductase from leprosy patients
under sulfone therapy.

The present data may also explain the
observed negative correlation between the
hemoglobin level and the enzyme activity
in leprosy patients ( 3), since both effects are
dependent on dapsone concentration.
—ClAudio Eduardo Muller Banzato, M.D.
Luis Alberto Magna, M.D., M.Sc., Ph.D.

Departmento de Genêtica Medica
Faculdade de Ciëncias Mêdicas
Universidade Estadual de

Campinas (UNICAMP)
C.P. 6111
Capinas, Silo Paulo, Brasil 13.081

Reprint requests to Professor Magna.

Acknowledgment. This study was carried out when
Dr. Claudio Eduardo Muller Banzato was a fellow of
Fundacao de Amparo a Pesquisa do Estado de Sao
Paulo (FAPESP), Proc. 84/2759-0.

REFERENCES
I . BEIGUELMAN, B., PINTO, W. JR., EL-GUINDY, M. M.

and KRIEGER, H. Factors influencing the level of
dapsone in blood. Bull. WHO 51 (1974) 467-471.
CATICHA-ALFONSO, 0. S., MAGNA, L. A. and BEI-

GUELMAN, B. NADH-reductase de metemoglobina
e reticulocitose. Cienc. Cult. 37 (1985) 280-283.

3. MAGNA, L. A. and BEIGUELMAN, B. NADH-met-
hemoglobin reductase and methemoglobinemia
among leprosy patients. Int. J. Lepr. 52 (1984) 475-
481.

4. RASBRIDGE, M. R. and Scorr, G. L. Hemolytic
action of dapsone: changes in the red cell mem-
brane. Br. J. Haematol. 24 (1973) 183-193.

5. Scorr, E. M. The relation of diaphorase of human
erythrocytes to inheritance of methemoglobinemia.
J. Clin. Invest. 39 (1960) 1176-1179.

6. SCHWARTZ, J. M., REISS, A. L. and JAFFE, E. R.
Hereditary methemoglobinemia with deficiency of
NADH-cytochrome b, reductase. In: The Metabolic
Basis of Inherited Disease. 5th ed. Stansbury, J. B.,
Wyngaarden, J. B., Fredrickson, D. S., Goldstein,
J. L. and Brown, M. S., eds. New York: McGraw-
Hill, 1983, pp. 1654-1665.

7. STECK, T. L. and KANT, J. A. Preparation of im-
permeable ghosts and inside-out vesicles from hu-
man erythrocyte membranes. In: Methods in En-
Iymology Volume 31; Biomembranes, Part A.
Fleischer, S. and Packer, L., eds. New York: Aca-
demic Press, 1974, pp. 172-180.

Effect of Circulating Immune Complexes of
Leprosy Patients on Leukocyte Migration Inhibition Induced by

Mycobacterium leprae Antigens in Healthy Volunteers

To THE EDITOR:
Elevated levels of circulating immune

complexes (CICs) have been demonstrated
in leprosy sera, particularly in patients with
borderline lepromatous (BL) and leproma-

tous (LL) leprosy and in those with erythe-
ma nodosum leprosum (ENL) (4, 7, 16) . Re-
cent studies have shown that these CICs
have efficient complement activating ability
( 18. 23 ). Further, it appears that as the disease
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THE TABLE. Total protein concentration and mycobacterial ICs (IgG and IgM types) in
the PEG precipitates from sera of leprosy patients and control groups and their effect on
the leukocyte migration inhibition induced by Dharmendra lepromin."

Groups
(no.)

Total protein
concentration

(i-Thil I)

Mycobacterial immune complexes
(0D,,,, value)

Decrease in per-
centage migration
inhibition induced

by lepromin in
presence of ICsIgG^IgM

Mean ± S.D.^Mean ± S.D.
(range)^(range)

Mean ± S.D.^Mean ± S.D.
(range)^(range)

NHS
(4)

TT/13T
(5)
BTR
(5)
BL/LL
( 7 )
ENL
(6)

NHS vs BL/LL
NHS vs ENL
BTR vs BL/LL
BTR vs ENL

122.5 ± 104.0 0.189 ± 0.141 0.046 ± 0.057 18.16 ± 9.28
(40-270) (0.0-0.343) (0.013-0.133) (4.4-29)

265 ± 139.8 0.467 ± 0.357 0.096 ± 0.035 19.13 ± 8.73
(100-400) (0.149-0.978) (0.069-0.181) (5.9-29)
156 ± 71.2 0.443 ± 0.107' 0.0954 ± 0.083 18.08 ± 14.59

(80-260) (0.319-0.591) (0.031-0.239) (1.6-39)
414 ± 155.65 0.711 ± 0.254 0.430 ± 0.110d 25.2 ± 20.4
(200-620) (0.222-1.04) (0.316-0.584) (3.9-55.8)
353 ± 206.55 0.765 ± 0.513 0.215 ± 0.252 29.4 ± 10.04
(120-700) (0.183-1.544) (0.060-0.659) (17.9-40.3)

p < 0.01
^

p < 0.01
^

p < 0.001
p < 0.1
^

p < 0.01
^

p < 0.05
p < 0.1
^

p < 0.05
^

p < 0.001
p < 0.1
^

p < 0.05
^

NS'

Values arc given as mean ± S.D. (range). NHS = normal human sera; TT/BT = tuberculoid and borderline
tuberculoid leprosy; BTR BT in reaction; BL/LL = borderline lepromatous and lepromatous leprosy; ENL =
BL/LL with erythema nodosum leprosum.

"p > 0.1, none significant compared to normal controls and diseased groups; Student's t test.
p < 0.05, compared to normal controls; Student's t test.

" p < 0.001, compared to TT/BT groups; Student's t test.
Not significant.

moves toward the LL pole, the level of CIC
increases while the cell-mediated immune
(CMI) response against Mycobacterium lep-
rae diminishes (14,22,.) Whether these ele-
vated CIC levels play any role in suppress-
ing CMI function in leprosy patients is,
however, not clear. Leukocyte migration in-
hibition (LMI) is known to be induced by
the production of migration inhibition fac-
tor (MIF) by sensitized lymphocytes in the
presence of sensitizing antigens (6, 14

)
. In the

present study, the effect of CIC isolated from
leprosy patients was studied on the LMI
induced by M. leprae antigens in healthy
responders.

CICs were isolated by the polyethylene
glycol (2.5% PEG 6000) precipitation meth-
od of Creighton, et al. ( 5) from the sera of
36 leprosy patients consisting of 8 tuber-
culoid (TT) or borderline tuberculoid (BT)
(TT/BT), 8 BT with reaction (BTR), 10 BL
or LL (BL/LL) and 10 ENL cases attending
the Central JALMA Institute for Leprosy,

Agra, India. They were classified according
to the Ridley-Jopling scale ( 17 ). The control
group consisted of 10 healthy laboratory
volunteers.

For the LMI test, mononuclear cells
(MNC) were taken from the healthy vol-
unteers who had been in constant exposure
to leprosy patients for many years and were
known to mount a strong CMI response as
determined by delayed-type hypersensitiv-
ity skin tests, MIF production, and lym-
phocyte transformation against M. leprae
antigens. Prior to the study of the effect of
PEG precipitates on the LMI induced by M.
leprae antigens, the total protein content of
the precipitates was estimated by Lowry's
method ( 10 ), and the levels of mycobacterial
CICs of the IgG and IgM types were deter-
mined by an ELISA developed by us (23 ).
The results obtained showed that the PEG
precipitates from the BL/LL and ENL
groups contained significantly higher levels
of protein than those of the normal human
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FIG. 1. Dose-dependent effect of M. leprae antigens
on the leukocyte migration inhibition in three healthy
responding volunteers.

sera (NHS) group. The differences in the
mean values among the diseased groups, ex-
cept those of the BTR, were not found to
be significant (The Table).

The levels of mycobacterial CICs in the
BTR, BL/LL, and ENL groups were found
to contain significantly higher levels of the
IgG class of mycobacterial CICs than those
of the NHS and TT/BT groups. Further PEG
precipitates from BL/LL and ENL were also
found to have significantly higher levels of
IgG ICs than those of the BTR group (The
Table). PEG precipitates from BL/LL were
also found to have higher levels of the IgM
class of ICs than those of the TT/BT and
BTR groups (The Table).

PEG precipitates from NHS, TT/BT, and
BL/LL groups were tested for their effect on
the viability of MNC at various concentra-
tions (0.1 ml, 0.2 ml, 0.3 ml, and 0.4 ml),
and were found to have no toxic effect (ex-
cept the PEG precipitates from BL/LL at
0.4 ml concentration). The viability of the
cells was more than 98% (Fig. 2). In a sim-
ilar experiment, M. leprae antigen (Dhar-
mendra lepromin) was tested for its effect
on the viability of MNC at various concen-
trations (10 6 to 10 8 bacilli/100 ill). No toxic
effect on the MNC except at the concentra-
tion of 10 8 bacilli could be noted.

In order to determine the optimal dose
of PEG precipitates to study their effect on
LMI, a dose-dependent experiment to ob-
serve the effect of PEG precipitates from
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FIG. 2. Dose-dependent effect of PEG precipitates
from PBS/NHS (0-0), TT/LL (A—A) and BL/LL (B-
■) on the viability of mononuclear cells. Each dot =
mean value of three experiments.

NHS and BL/LL groups was carried out us-
ing the following concentrations of PEG
precipitates: 0.025 ml, 0.05 ml, 0.1 ml, and
0.2 ml. The results showed (Fig. 3) that PEG
precipitate from BL/LL at a high concen-
tration (0.2 ml = 72.6 pg of protein) was
found to induce moderate migration inhi-
bition (% migration 82 ± 17.17, p < 0.05);
at a low concentration (0.025 ml = 9.06 pg
protein) no effect was noted on the LMI test.
Since 0.025 ml (9.06 pg) protein of PEG
precipitate did not show any effect on the
leukocyte migration, this concentration of
the precipitates obtained from the various
groups was used in our subsequent study to
find out their effect on the LMI induced by
M. leprae antigen. From The Table it can
be seen that PEG precipitates from the nor-
mal control and the diseased groups had no
significant effect on the LMI induced by Al.
leprae antigen (10 6 bacilli) [1 x 10 6 bacilli
of Dharmendra lepromin were found to be
the optimal dose for the induction of sig-
nificant migration inhibition (MI)]. In
healthy responders, the mean percent MI
value induced by 10 6 Al. leprae was found
to be 58.53 ± 12.43 (Fig. 1).

In a separate experiment in which leu-
kocytes were pretreated with various con-
centrations (0.1 ml, 0.2 ml, and 0.3 ml) of
PEG precipitates obtained from NHS and
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FIG. 3. Dose-dependent effect of PEG precipitates
from NHS (0-0) and BL/LL (A–A) on the LMI test in
healthy responding volunteers. Each dot = mean %
migration value of seven experiments; vertical bars =
standard deviations. Difference between the mean val-
ue of NHS and BL/LL is statistically significant (p <
0.05).

BL/LL groups, it was found that these pre-
cipitates had no significant effect on the LMI
induced by M. leprae antigens (Fig. 4).

The specific CMI responses against M.
leprae antigens in BL/LL and ENL patients
have been found to be reduced to a great
extent, and in some it is almost completely
absent (8 . H. ' 2 ). However, the effect of CIC
on the CMI response in leprosy patients is
not known. There are reports in which ICs
have been shown to act as immunomodu-
lators in the CMI response ( 1 1 . 2 '). Further-
more, soluble ICs ( 2 ' 3 ), aggregated IgG (9),
and IgG-coated sheep red blood cells (') have
been reported to stimulate production of
lymphokine (IL- I or IL-1-like factors) in
murine or human monocytes and macro-
phages ('). Our observation showed a mod-
erate induction of migration inhibition of
leukocytes by PEG precipitates obtained
from the BL/LL groups at a high concen-
tration only. This might be due to the pres-
ence of a significant quantity of mycobac-
terial antigens in the CIC (4,16) which have
induced the production of lymphokine.

PEG precipitates at a lower concentration
(0.025 ml) obtained from various leprosy
types were found to exert no effect on the
LMI induced by AI. leprae antigens. At this
juncture, no explanation could be offered
for this observation because at this low con-
centration of PEG precipitates the myco-
bacterial antigens and antimycobacterial
antibodies are at such a low concentration

FIG. 4. Effect of pretreatment of MNC (5 x 10'
cells/0.5 ml) with various doses of PEG precipitates
(0.2 ml, 0.3 ml, and 0.4 ml) from NHS (0-0) and BL/
LL (A–A) on the LMI induced by Al. leprae antigens.
Sections a, b, and c = three different healthy responding
individuals.

that it is probably unlikely that they would
exert an effect on the LMI.

PEG precipitates obtained from the dis-
eased groups were found to exert no signif-
icant suppressive effect on the LMI induced
by M. leprae antigen. The LMI of 18.16%
± 9.28 induced by NHS PEG precipitates
is not significant (The Table). This insig-
nificant suppression may be due to the back-
ground level of antimycobacterial antibod-
ies present in the IC of these individuals.

It has been shown that the Fc fragment
of IC can induce lymphocyte blast trans-
formation and polyclonal antibody synthe-
sis in murine B lymphocytes ( 2 ' 3 ). The im-
munochemical analysis of CIC isolated from
the PEG precipitates of serum samples of
patients has been shown to contain IgG, IgM,
and IgA ( 4 . ' 6) and, hence, is very rich in Fc
contents. It is possible that CIC isolated from
leprosy sera may have been in a solubilized
form; hence the Fc portions were incapable
of binding to the Fc receptors of the cells.
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Takahashi, et al. ( 20) have shown that
while solubilized ICs retain a little capacity
to activate the complement system, they lose
their ability to bind to the Fc receptors of
various blood cells such as leukocytes,
monocytes, macrophages, and certain cells
of the B-lymphocyte series ( 15 . 0) . 20 ).

From these observations it may be con-
cluded that CICs in leprosy patients prob-
ably have no impairing effect on the pro-
duction of MIF induced by M. leprae
antigens. Further studies are, however,
needed to determine the role of CICs on the
other functional parameters of CMI.

-Padmawati Tyagi, M.Sc.
Bhawneshwar K. Girdhar, M.D.

Kiran Katoch, M.D.
Utpal Sengupta, Ph.D.

Central JALMA Institute for Leprosy
Taj Ganj„.1gra 282001, India
-Vadakkuppattu D. Ramanathan, Ph.D.

Tuberculosis Research Centre
Chetput, Madras, India
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Hypothesis: Solar Ultraviolet Radiation and
the Initial Skin Lesion of Leprosy

To THE EDITOR:

We wish to put forward a hypothesis at-
tributing the pathogenesis of the initial skin
lesion of leprosy to solar ultraviolet radia-
tion. Even though the importance of nasal
discharge from lepromatous patients in the
dissemination of Mycobacterium leprae is
well known (4 . "), the portal of entry of the
organism has been a matter of debate. The
two portals of entry seriously considered are
the skin and the upper respiratory tract ( 1 ").
Since it is improbable that an inert, , non-
motile and relatively nontoxic organism
such as M. leprae can invade the intact epi-
dermal barrier, the entry could only occur
through the epidermal barrier broken as a
result of injuries, insect bites, or scabetic
lesions ( 7). The proposition that the skin is
a portal of entry is also supported by several
reported cases of inoculation leprosy which
have been listed by Machin (9). The epi-
demiological and pathological data to be
discussed here are also in favor of such a
proposition.

At the time of entry through the skin, the
first immunocompetent cell that M. leprae
would encounter is the Langerhans' cell
which forms a network in the midepider-
mis. These cells, after ingesting the antigen,
migrate to the regional lymph nodes and
present the processed antigen to T lympho-
cytes. It is known that antigen presentation
by the Langerhans' cells is impaired by ul-
traviolet-B radiation (UV-B; wavelength 280
to 320 nm) both in mice and in humans
(I, 5. 14\ .) In UV-B-treated human subjects,
there is a 50% decrease in ATPase-stained
Langerhans' cells ( 5 ).

Three features of the epidemiology oflep-
rosy are important in support of the hy-
pothesis to be presented: a) Geographic dis-

tribution — Today leprosy is mainly a disease
seen in the tropics and subtropics, both of
which receive a maximum quantity of solar
radiation which includes ultraviolet-A
(wavelength 320 to 400 nm) and UV-B ra-
diation.

b) Distribution of the first skin lesion of
leprosy—The first skin lesion of leprosy in
adults is most often present on the exposed
(unclothed) parts of the body (' 6 ). In chil-
dren, the distribution of the first skin lesion
is random (6). These observations are ex-
plained by the fact that the uncovered parts
of the body are often exposed to minor in-
juries and insect bites through which M.
leprae could gain entry. Children in warm
climates are scantily clad; hence, the distri-
bution of the first skin lesion is random (6).

Also, in South India, when the distribution
of a single lesion of tuberculoid leprosy was
studied, it was found that females had sig-
nificantly fewer lesions on the trunk and
lower extremities, areas which are covered
by a saree ( 3). The results pooled from var-
ious studies also support the observation
that the initial skin lesion of leprosy in adults
occurs on body parts which are exposed to
the environment (9) and, hence, to solar ra-
diation.

c) Pathological and experimental data —
Histopathological and bacteriological stud-
ies of early lesions of leprosy tend to favor
the skin as one of the portals of entry (' 2 ' 13 ).

If immunity is maximum, the bacilli are
arrested in the epidermis. If immunity is
partial, the bacilli reach the subepidermal
zone. Intra-epidermal leprosy lesions have
also been observed ( 13 ).

Doses of UV-B which correspond to the
exposure levels encountered by humans
cause local immunological unresponsive-


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

