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IgG Subclass Recognition Pattern in Leprosy:
Recognition of M. leprae Antigens by IgG1 and

IgG3 Antibodies is Distinct Across the
Disease Spectrum'

Arnawaz Kifayet and Rabia Hussain'

Mycobacterium leprac, the causative agent
of leprosy, has a complex antigenic structure
( 5). In order to understand the disease
pathogenesis, it is important to understand
the role that these antigens play in evoking
the immune response in leprosy. There is
an inverse relationship between antibody
and T-cell responses in leprosy. Leproma-
tous patients with the more disseminated
form of disease have a higher bacterial load,
high levels of antibodies, and low-to-absent
T-cell responses, while tuberculoid leprosy
patents, with a more localized form of the
disease and a low bacterial load, demon-
strate high cellular response and low con-
centrations of antibodies (8, 16). Among the
isotypes, IgG is the predominant circulating
antibody against Al. leprae ( 14). Human IgG
is composed of four subclasses which differ
in their structure and biological activities,
such as complement fixation (2 ) and binding
to effector cells (9 ), which may have impor-
tant pathogenetic implications. The switch-
ing of IgM antibody response to one of the
four IgG subclass antibodies requires cy-
tokines secreted by different helper T cells
( 15. 21 ). Although M. leprae-specific IgG and
IgM antibody responses have been studied
extensively, both qualitatively and quanti-
tatively, very little information is available
on IgG subclass antibodies in leprosy
(7,11,25) .

To understand the relationship between
differential T-cell activation and IgG sub-
class antibody responses in leprosy, we have
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been analyzing the IgG subclass antibody
response across the leprosy spectrum. IgG
subclass antibodies as assessed by ELISA
were selectively raised for IgGl, IgG2 and
IgG3 antibodies to Al. leprae sonicate (" );
whereas only IgG 1 and IgG3 antibodies were
detected to a purified recombinant protein
antigen, Al. leprae 18 kDa ( 10 ). Further-
more, the distribution of IgG subclass an-
tibodies across the disease spectrum dif-
fered only in quantitative terms, with higher
concentrations toward the lepromatous pole
(10, I I) . In this report we have, for the first
time, described the recognition pattern of
Al. leprae antigens by the four subclasses of
IgG antibodies, across the leprosy disease
spectrum, using immunoblotting analysis.
The major difference in the recognition of
Al. leprae antigens in the two polar groups
was observed with IgG 1 and IgG3 antibod-
ies which may be related to differential T-cell
activation across the disease spectrum.

MATERIALS AND METHODS
Study subjects

Patient material was collected from newly
diagnosed, untreated leprosy patients at the
Marie Adelaide Leprosy Center in Karachi,
Pakistan. The patients were classified as lep-
romatous (LL), borderline lepromatous
(BL), borderline tuberculoid (BT) and tu-
berculoid (TT) leprosy by the standard clin-
ical signs. The clinical classification of each
patient was confirmed by histopathology ac-
cording to the standard criteria as described
by Ridley ( 1 s). Patients with reactional com-
plications were excluded from the study. The
control group consisted of 10 healthy in-
dividuals living in the endemic area of Ka-
rachi, with no known exposure to leprosy,
coming from varied socioeconomic back-
ground.
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Serum
Five ml of peripheral blood was obtained

from each of the patients and control sub-
jects. The blood was allowed to clot over-
night at 4°C. The serum was removed and
centrifuged at 400 x g for 15 min; the clear
supernate was distributed in 100-ml aliquots
and kept at —70°C until use.

Reagents
Monoclonal antibodies specific for hu-

man IgG subclasses were HP6069 (anti-
lgGl) kindly provided by Dr. Hamilton,
Johns Hopkins University, Baltimore,
Maryland, U.S.A.; HP6002 (anti-IgG2),
HP6047 (anti-IgG3), HP6023 (anti-IgG4),
prepared at the Centers for the Disease Con-
trol and Prevention, Atlanta, Georgia,
U.S.A., and were a gill from Dr. Reimer.
Goat anti-mouse IgG conjugated to alkaline
phosphatase was purchased from Jackson
Immuno Research Laboratories, West
Grove, Pennsylvania, U.S.A., and was used
according to the manufacturer's recommen-
dations. Bovine serum albumin (BSA),
5-bromo 4-chloro 3-indolyl phosphate
(BCIP), para-nitro-phenyl phosphate,
0-mercaptoethanol, Tris hydroxy methyl
amino methane and Schiff's reagent' were
obtained from Sigma Chemical Co., St.
Louis, Missouri, U.S.A. Acrylamide, bis-
acrylamide, sodium dodecyl sulfate (SDS),
glycine, ammonium persulfate, Coomassie
blue and nitrocellulose membrane (0.45 kim)
were purchased from 13io-Rad Laborato-
ries, Richmond, Virginia, U.S.A.

Quantitative determination of M. leprae-
specific IgG subclasses

ELISAs were carried out on 96-well, flat-
bottom, polystyrene Immulon 4 plates (Dy-
natech, Chantilly, Virginia, U.S.A.) as de-
scribed in detail previously ("). Briefly, M.
leprae-soluble sonicate (batch CD114,
kindly provided by Dr. R. J. W. Rees, Na-
tional Institute of Medical Research, Lon-
don) was coated at 0.4 pg/well in 100 pl of
carbonate buffer at pH 9.6, incubated for 2
hr at 37°C and additionally incubated at 4°C
overnight. The plates were washed with
phosphate-buffered saline (PBS) containing
0.05% Tween 20 (PBS-T) and the remaining

binding sites were blocked with 5% BSA in
PBS at 37°C for 2 hr. Reference and test
sera diluted in PBS-T containing 1% BSA
were added to the wells at doubling dilu-
tions. The sera were incubated for 2 hr at
37°C followed by an overnight incubation
at 4°C. Monoclonal antibodies specific 'bli -

the human IgGl, IgG2 and IgG3 subclass
antibodies were added at a dilution of
1:1000, and IgG4 was added at a 1:500 di-
lution. The plates with monoclonal anti-
bodies were incubated at 4°C overnight. Al-
kaline-phosphatase-labeled goat anti-mouse
IgG antibody was added at a 1:2000 dilu-
tion for 2 hr at 37°C. The plates were finally
developed with p-nitro phenyl phosphate
(alkaline phosphatase substrate). The reac-
tion was stopped with 50 of 3 N NaOH.
The color was read at 410 nm in an auto-
mated Titerteck plate reader (MR 600; Dy-
natech). Each incubation was followed by
three washes with PBS-T. The antibody ac-
tivity of test serum pools was expressed as
units/ml relative to the antibody activity in
the reference serum pool for IgG 1, IgG2 and
IgG3 antibodies. One unit of antibody ac-
tivity was equivalent to approximately 0.1
optical density (OD) at 410 nm. The per-
formance characteristics for the reference
serum pool have been described in detail
previously ( 1 '). Since IgG4 antibodies did
not show a log distribution across the dis-
ease spectrum, sera for IgG4 antibody de-
termination were run at a single dilution of
1:10 and the results of these antibodies are
expressed as the OD reading at 410 nm.

Preparation of M. leprae sonicate (MLSON)
for SDS-PAGE

Armadillo-derived whole Al. leprae
(freeze-dried) was provided by Dr. Patrick
Brennen (Colorado State University, Fort
Collins, Colorado, U.S.A.). Al. leprae son-
icate was prepared by the following method.
Freeze-dried bacilli (20 mg) were suspended
in 0.5 ml of distilled water containing a
cocktail of protease inhibitors (aprotonin,
leupeptin and phenylmethylsulfonyl fluo-
ride). The suspension was vortexed for 15
min. Sonication was carried out on ice for
30 min with a sonifier (Semat Technical, St.
Albans, U.K.) using a microprobe with 50
displacement cycles. The sonified bacilli
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were lyophilized and stored at 4°C until run
in SDS-polyacrylamide gel electrophoresis.

Preparation of serum pools for immuno-
blotting

Serum pools containing high titers of IgG
subclass antibodies were prepared from pa-
tients with either lepromatous (N = 12; LL
= 9 and BL = 3) or tuberculoid (N = 9; BT
= 5 and BT-TT = 4) disease by mixing equal
volumes of individual sera. Similarly, a
control serum pool was prepared by pooling
10 sera from healthy endemic donors. The
mean ± S.D. age of the patients in the three
groups were LL/BL, 35.3 ± 3.8; BT/TT, 37
± 5.7 and endemic controls (EC) 26 ± 2.5.
There were no differences in the male-to-
female ratio in the three groups. These pools
were clarified by Millipore filtration (0.45
pm) before use in immunoblotting.

SDS-PAGE
Antigen separation was carried out in Mini

Protean II from Biorad according to the pro-
cedure described by Laemmli ( 3 ). Sample
buffer (500 Al) was added to 20 mg of son-
ified and freeze-dried preparations of
MLSON and boiled for 3 min. MLSON in
SDS sample buffer (150 pil) was applied to
a gradient gel (10%-20%) of 1.5-mm thick-
ness. The separation was carried out at 100
volts/20 mA. The sample was allowed to
separate until the tracking dye reached with-
in 1.0 cm of the bottom edge of the gel. The
separated antigens were stained with either
0.1% solution of Coomassie blue for pro-
teins or with Schiffs reagent for carbohy-
drates by methods described in detail else-
where (Pharmacia Fine Chemicals. Poly-
acrylamide gel electrophoresis, laboratory
techniques, 1980, p. 54) or were transferred
to nitrocellulose membrane (NCP) for im-
munoblotting.

Immunoblotting
The separated proteins were electropho-

retically transferred by the method of Tow-
bin, et al. (24 ) to pre-cut NCP (8 x 0.5 cm).
The transfer was performed at 10°C over-
night with a constant voltage of 30 volts.
The antigen-containing NCP strips were
transferred to a slotted incubation tray, and
the remaining sites were blocked with PBS-T

containing 3% BSA and 1% fetal bovine se-
rum (FBS) for 2 hr at 37°C. After blocking,
the NCP strips were washed with PBS-T
and incubated with either serum pools or
individual sera. Lepromatous patients (LL/
BL) were tested at a 1:200 dilution and tu-
berculoid patients at a 1:20 dilution to ad-
just for the quantitative differences in an-
tibodies in the two disease groups. The EC
pool was tested at both 1:200 and 1:20 di-
lutions to provide a control for background
binding. All sera were diluted in PBS-T and
incubated for 2 hr at 37°C with continuous
rocking. After incubation with sera, the NCP
strips were incubated with monoclonal an-
tibody probes to the four subclasses of IgG
antibodies at a dilution of 1:500 in 1% FBS
in PBS-T for 1 hr at 37°C and then overnight
at 4°C. Again, all monoclonal antibodies
were used in excess ( 12 ). These strips were
subsequently incubated with goat anti-
mouse IgG conjugated to alkaline phospha-
tase diluted 1:4000 in PBS-T containing 1%
FBS for 2 hr at 37°C and, finally, developed
with 5-bromo 4-chloro 3-indolyl phosphate
(BCIP) at 1 mg/ml in an am ino-methyl-pro-
panol (AMP) buffer. Between each incuba-
tion step the NCP strips were washed 4 times
(10 min each time) with PBS-T. The color
development was stopped after 15 min by
rinsing the strips with PBS followed by a
final rinse in PBS containing 0.1% sodium
azide. The developed strips were photo-
graphed when still wet and then dried and
stored.

Determination of molecular weight of sep-
arated antigens

Molecular weights were assigned to the
separated M. leprac antigens using a cali-
bration curve generated by plotting the R,
values of the known molecular weight
markers separated in the same gel. The in-
tensity of binding was assessed by a scanner
(Scan Jet 11; Hewlett Packard, Palo Alto,
California, U.S.A.) using a photoshop pro-
gram on an Apple Macintosh computer. The
intensity of the area on the NCP strip with-
out any distinct bands was taken as back-
ground and was deducted from the mea-
sured intensity while calculating the final
intensity. The final intensity was scored as
moderate (+) or high (+ +).
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TABLE 1. M. leprae -specific antibody activity in sera used for immunoblotting.

Group" No. IgG I'' IgG2'' IgG36 IgG4'''

LL/BL 12 45,166 7,233 41,000 0.213
(± 48,955) (± 5,602) (± 27,348) (± 0.129)

BT/TT 9 654 690 3,224 0.10
(± 680) (± 673) (± 4,243) (± 0.033)

EC 10 125 132 114 0.056
(± 160) (± 132) (± 56) (± 0.032)

Serum pools were prepared from untreated lepromatous patients (LL/BL) or patients with tuberculoid (13T/
TT) type of leprosy. Controls are healthy endemic donors (EC).

Antibody activity (units/rill) expressed as group mean ± I S.D.
Expressed as absorhence at 410 nm of 1/10 dilution.

RESULTS
IgG subclass antibody activity in serum pools

To assess the differences in antigen rec-
ognition in the major types of leprosy (lep-
romatous versus tuberculoid disease), se-
rum pools from a large panel of patients
representative of either disease type were
used.

Table 1 shows the antibody activity of
individual sera used for the preparation of
serum pools. Lepromatous patients showed

KD^ KD
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FIG. I. Protein and carbohydrate staining of M.
leprae sonicate. The antigens were separated on a poly-
acrylamide gradient (10%-20%). Lane 1 = pattern after
periodic acid Schiff (PAS) staining and Lane 2 = pat-
tern of M. leprae sonciate after Coomassie blue (CB)
staining. Numbers indicate the molecular weights in
kilodaltons of the markers used.

a 70-fold higher antibody activity for IgG1
and 10-fold higher for IgG2 and IgG3 sub-
classes when compared to tuberculoid pa-
tients. IgG4 antibodies showed some anti-
body activity in the lepromatous pool but
the binding was low (OD < 0.3) even at a
dilution of 1:10 as reported previously ( ').
To adjust for some of these quantitative dif-
ferences between the two major disease
types, we have used lepromatous serum
pools at a 10-fold higher dilution (1:200)
than tuberculoid serum pools (1:20) for all
four IgG subclass antibodies in the immu-
noblotting assays. The sensitivity of detec-
tion in the ELISA is 1 unit/ml. Therefore,
we feel that all IgG subclass antibodies were
several-fold in excess of their detection limit
in the immunoblotting analysis since the
principle of the test and the reagents used
were identical in the two assays.

Recognition of M. leprae antigens by IgG
subclasses

Identification of protein and carbohydrate
components in M. leprae. The carbohy-
drate and protein staining pattern of M. lep-
rae sonicate separated on a 10%20% poly-
acrylamide gradient gel is shown in Figure
1. The carbohydrate staining pattern (pe-
riodic acid Schiff) resulted in three distinct
but diffused bands of molecular weights of
28-39 kDa, 18-25 kDa and 2-9 kDa, with
the strongest staining observed with 2-9
kDa. More than 26 distinct protein bands
were present in the Al. leprae sonicate prep-
aration, ranging in molecular weight from
14-100 kDa (Fig. 1). All protein and car-
bohydrate bands were effectively trans-
ferred to NCP as determined by the staining
of the gels after transfer as well as the stain-
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FIG. 2. IgG subclass recognition of Al. leprae antigens in patients across the leprosy spectrum. Immunoblot
analysis was carried out using mouse monoclonal antibodies specific for human IgG subclass antibodies and
enzyme-linked anti-mouse IgG antibody as probes. Lepromatous patient (LL/13L) sera were tested at 1:200 and
tuberculoid patient (BT/TT) sera were tested at 1:20. Lane I = LL/BL serum pool; lane 2 = LL serum; lane 3
= BL serum; lane 4 = endemic control serum pool (1:200); lane 5 = BT/TT serum pool; lane 6 = BT serum;
lane 7 = TT serum; lane 8 = endemic control serum pool (1:20).

ing of the NCP strips (data not shown). Im-
munoblotting was then carried out to iden-
tify which of these bands were recognized
by individual IgG subclass antibodies.

Immunoblotting analysis. In addition to
the serum pools representing the leproma-
tous and tuberculoid forms of the disease,
one patient representing each of the disease
subtypes (LL, BL, BT, TT) with high titers
of antibody was also analyzed to see if dif-

ferences also exist at the disease subtype
level.

Lepromatous and tuberculoid patients
showed a distinct pattern of antigen recog-
nition by each of the four IgG subclass an-
tibodies in serum pools (Fig. 2). IgG1 an-
tibody binding in the serum pool from LL/
BL patients resulted in several sharp bands
(lane 1), while a more diffuse IgG1 anti-
body-binding pattern was obtained with the
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serum pool from BT/TT patients (lane 5),
indicating that in tuberculoid leprosy pa-
tients IgG1 antibodies may be recognizing
either heavily glycosylated proteins or rec-
ognizing both carbohydrate and protein
moeities. The diffuse pattern with IgG I an-
tibody in tuberculoid patients was not due
to higher background binding, since IgG 1
antibody showed only a few weak bands
with the control (EC) serum pool at 1:20
(lane 8). IgG 1 antibody binding observed
with the tuberculoid serum pool was dis-
tinct from that observed with the control
EC pool, indicating that the recognition in
tuberculoid patients was related to the dis-
ease. Although only one patient was tested
from each lepromatous disease subtype (LL
and 13L), it was interesting to note that IgG1
antibody recognition was different for these
individual LL and 13L patients, indicating
that differences may exist even at the disease
subtype level. Since there was a very weak
signal with IgG 1 antibody in the TT pa-
tients above the control (EC) serum pool,
differences between BT and TT patients
could not be evaluated.

IgG2 antibody recognition was similar in
the two disease groups (Fig. 2, lanes 1 and
5) with both disease groups strongly rec-
ognizing a restricted region corresponding
to one of the carbohydrate-staining regions
at 28-39 kDa. The molecular weight of this
region corresponds to lipoarabinomannan
(LAM) described in Al. leprae (4 ). This bind-
ing is highly specific since little or no back-
ground binding was observed with control
sera at either a 1:200 or a 1:20 dilution (Fig.
2, lanes 4 and 8). Surprisingly, the 2-9 kDa
region, which stained strongly for carbo-
hydrates only (Fig. 1), was not recognized
by either the LL/BL or the BT/TT serum
pools. However, a sharp band was seen at
5-7 kDa by individual BL (Fig. 2, lane 3)
and BT patients (Fig. 2; lane 6), indicating
that IgG2 antibodies to this band may have
been diluted in the serum pools. Secondly,
differences also may exist at the disease sub-
type level and need to be evaluated with a
larger panel of patients in each disease sub-
type.

IgG3 antibody subclass recognition in the
lepromatous serum pool was more restrict-
ed than IgG1 antibodies. IgG3 antibodies

showed mostly diffused bands in the region
of 25-36 kDa in both lepromatous (Fig. 2,
lane 1) and tuberculoid patients (Fig. 2, lane
5). In addition, tuberculoid patients showed
strong recognition of 5-7 kDa, while lep-
romatous patients showed only a weak
binding at the 6 and 8 kDa. Very little back-
ground binding was observed for IgG3 an-
tibody in control serum at either a 1:200 or
a 1:20 dilution. Among the subtypes of lep-
romatous patients (LL, 13L), LL patients
showed IgG3 antibody binding to two dis-
crete bands at 25 and 28 kDa while BL pa-
tients showed a weak and diffuse pattern of
binding between the 25-36 kDa region. The
issue of differences in IgG subclass antibody
recognition among the leprosy disease sub-
types, therefore, needs to addressed more
rigorously.

IgG4 antibody recognition, which is
linked to Th2 activation, showed very weak
binding to a single band at 28 kDa, and only
in the LL/BL pool. One distinct band was
also observed with IgG4 at 15 kDa in both
leprosy and control sera, and may not be
disease related.

Dominant M. leprae antigens recognized by
IgG subclasses in polar leprosy groups

The molecular weights of the known an-
tigens of Al. leprae ( 27 ) and the intensity of
binding by each of the four IgG subclass
antibodies in the serum pools is given in
Table 2. IgG1 antibody in the lepromatous
serum pool recognized a majority of known
Al. leprae protein antigens, including a
number of heat-shock proteins (70, 65, 45,
30, 28, 18, 15, 10 kDa). IgG I antibody in
tuberculoid patients also recognized known
antigens 65, 36 and 15 kDa. IgG2 antibody
binding was observed to a carbohydrate-
staining region between 25-36 kDa which
corresponds to the Al. leprae LAM ( 4 ) and
was similar for both lepromatous and tu-
berculoid serum pools. Although IgG3 rec-
ognized a much more restricted set of pro-
tein antigens than IgG 1, most of the anti-
gens recognized were known antigens (70,
65, 35, 31, 30 and 28). IgG4 subclass an-
tibody in lepromatous patients showed weak
binding to a 28-kDa protein which has been
shown to have superoxide dismutase activ-
ity (23).



64, 1^Kifayet and Hussain: IgG Subclass Recognition Pattern^75

TABLE 2. IgG subclass recognition of some of the characterized antigens of M. leprae
by serum pools."

kDa
IgG I IgG2 IgG3^IgG4

LL/I3L^13T/TT
(pool)^(pool)

LL/BL
(pool)

13T/TT
(pool)

LL/BL^BT/TT^LL/BL^BT/TT
(pool)^(pool)^(pool)^(pool)

70
65
45 ++
36
35 ++
31 ++ ++
30 ++ ++ ++
28 ++ ++ ++
18
15
14
10

" The reactivity of lepromatous (LL/13L) and tuberculoid (BT/TT) sera pools with known M. leprae antigenic
components. Intensity of recognition is indicated as (+ +) strong and (+) moderate.

DISCUSSION

T cells are differentially activated across
the leprosy spectrum, with the highest T-cell
activity at the tuberculoid end and the low-
est toward the lepromatous pole of the dis-
ease (5 ). Switching of IgM antibodies to one
of the four IgG subclasses is regulated by
cytokines secreted from activated T cells.
However, little is known about the effect of
differential T-cell activation in leprosy on
IgG subclass antibody response. Three of
the four IgG subclass antibodies to M. lep-
rae (IgG 1, IgG2 and IgG3) previously have
been reported to be present across the dis-
ease spectrum irrespective of the level of
T-cell activation ( 7  "). The only differences
observed across the disease spectrum were
at the quantitative levels (").

In the current study when IgG subclass
antibody recognition was dissected at the
qualitative level, differences in the antigen
recognition patterns across the leprosy spec-
trum became apparent. The major differ-
ence in the IgG subclass antigen recognition
pattern was observed with IgG1 and IgG3
antibodies in the two polar groups of leprosy
patients. Both IgG 1 and IgG3 antibodies are
known to recognize protein antigens which
require T-cell-derived factors for switching
and maturation of the immune response (22 )
and may well be reflected in the different
sets of antigens being recognized by lepro-

matous and tuberculoid patients. Differ-
ences were noted even among the subtypes
of lepromatous patients (lepromatous, LL
and borderline lepromatous, BL). Although
only one individual patient was analyzed in
the current study, LL and BL patients
showed differences for both IgG 1 and IgG3
subclass antibodies. This may well be due
to differences in the T-cell activity in LL
and BL patients since in BL patients some
T-cell activity is reported ( 16). This is further
supported by the observation that BL pa-
tients showed antigen recognition patterns
which had more similarity with BT patients
than with LL patients. This issue needs to
be confirmed further with a large panel of
individual patients in the subtypes of both
lepromatous and tuberculoid groups. The
IgG2 antibody response, which is known to
be a T-independent response, was similar
in both disease types irrespective of T-cell
activation. IgG4 antibody responses are de-
pendent on cytokines elaborated by the Th2
subset. These Th2 cytokines have been
shown to be upregulated in skin lesions of
lepromatous but not of tuberculoid patients
( 1 S. "1). IgG4 antibody showed weak binding
to one antigen (28 kDa) in the lepromatous
(LL/BL) serum pool only. Our results sug-
gest that selective activation of a T-cell sub-
set at local disease sites may not necessarily
be reflected in the blood compartment due
to dilution effects.
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As reported previously, carbohydrate an-
tigens, particularly lipoarabinomman (LAM,
30-40 kDa), evoked strong IgG2 antibody
responses in both lepromatous and tuber-
culoid patients ('). Since type 1 carbohy-
drate antigens are T-independent antigens,
this finding was not unexpected. What was
surprising was that not all carbohydrate-
staining regions evoked IgG2 antibody re-
sponses. Surprisingly, the strongest carbo-
hydrate staining region (2-9 kDa) which was
not stained by Coomassie blue was recog-
nized by IgG3 antibodies but not by IgG2
antibodies in tuberculoid leprosy patients,
suggesting that certain molecular con-
straints may be present in the recognition
of carbohydrate antigens by IgG2 subclass
antibodies. Since the region recognized by
IgG3 is either carbohydrate or glycolipid in
nature, it is therefore distinct from the low
molecular weight polypeptides described by
Andersen and Heron (' ) in the same region
for Al. tuberculosis, which evoke strong de-
layed-type hypersensitivity (DTH) and
T-cell memory responses in guinea pigs (').
Recently a new subset of T cells (CD1±
CD4 -CD8 - ) has been described ( 17 ) which
recognizes lipid ( 3 ) and lipoglycan antigens
(20 ) in association with CD1 molecules pos-
sessing cytolytic activity. This antigen may
well be a candidate antigen for CD1 T cells.

In tuberculoid leprosy patients, IgG I ,
IgG2 and IgG3 antibodies all resulted in a
diffuse band in the region of 25-36 kDa. It
is unlikely that LAM (30-40 kDa) is in-
ducing all three IgG subclass antibodies since
purified LAM has been shown to bind to
only IgG2 antibodies ( 6 ). One possible ex-
planation for the differences in antigen rec-
ognition by IgG1 and IgG3 antibodies in
tuberculoid and lepromatous patients may
be the differential processing and clearance
of antigen in the two groups. In tuberculoid
patients, cell-wall-associated antigens may
be released due to the killing of Al. leprae
by activated macrophages because of the
presence of activated T cells ( 16 ). These an-
tigens may then subsequently induce anti-
body responses.

In lepromatous patients, a larger number
of secreted antigens would be available due
to the higher viable bacterial load inducing
responses primarily to these antigens and,

hence, the differences in the immune re-
sponse profile. The predominant recogni-
tion of carbohydrate antigens in tuberculoid
patients would not be unexpected since car-
bohydrate antigens are less degradable and
tend to remain in the tissues much longer;
whereas protein antigens would be cleared
much more rapidly. Because of the strong
recognition of LAM by IgG2 antibodies
across the disease spectrum, this response
could be exploited for diagnostic purposes.
A clear understanding of the relationship
between the IgG subclass response and the
T-cell activation would allow a better un-
derstanding of disease progression in lep-
rosy and, also, would help in identifying
antigens which may be important in the
protective response.

SUMMARY
The recognition of Mycobacterium leprae

antigens by IgG subclasses in patients with
leprosy was investigated by electrophores-
ing Al. leprae sonicate in SDS-polyacryl-
amide gel and immunoblotting analysis. Se-
rum pools were used from leprosy patients
with either lepromatous (LL/BL) or tuber-
culoid (BT/TT) disease. A serum pool from
healthy controls (EC) was used to determine
the baseline antibody activity. To adjust for
quantitative differences in antibodies across
the disease spectrum, the LL/BL serum pool
was used at a 1:200 dilution; the BT/TT
serum pool, at 1:20 dilution. Monoclonal
antibodies specific for each of the IgG sub-
classes were used as probes, with anti-mouse
IgG conjugated to alkaline phosphatase as
the revealing probe. IgG 1 antibodies bound
to several discrete bands in the range of 10-
70 kDa in LL/BL patients, while BT/TT
patients showed a more diffuse pattern with
the strongest IgG1 antibody binding in the
region of 25-40 kDa. Recognition with IgG2
was restricted to a region between 25-36
kDa (which also stained strongly for car-
bohydrates) in both LL/BL and BT/TT pa-
tients. Binding with IgG3 antibodies was
more restricted than IgG 1 antibodies in LL/
BL sera with strong recognition restricted
to 25 and 28 kDa. BT/TT sera showed strong
binding with IgG3 antibodies in the region
of 25-32 as well as 5-7 kDa. IgG4 anti-
bodies showed weak binding to a 28-kDa
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in lepromatous patients only. The differ-
ences in IgG subclass recognition patterns
and their implications are discussed.

RESUNIEN
Se investig6 el reconocimiento de antigenos de My-

cobacterium leprae por anticuerpos IgG de pacientes
con lepra utilizando las tecnicas de electroforesis en gel
de poliacrilamida y de inmunoelectrotransferencia. Se
usaron mezclas de sueros de pacientes con lepra lepro-
matosa (LL/BL) y de pacientes con lepra tuberculoide
(BT/TT). Tambien Sc use una mezcla de sueros de
individuos sanos (CS) para determinar la actividad basal
de anticuerpo. Para corregir las di ferencias cuantita-
tivas en anticuerpos a lo largo del espectro de la en-
fermedad, la mezcla de sueros LL/BL se use a la di-
luciem 1:200 y la mezcla de sueros BT/TT, a la diluciOn
1:20. Como sondas se utilizaron anticuerpos mono-
clonales especificos para cada subclase de IgG y el re-
velado se hizo con anticuerpos anti-IgG do ratOn con-
jugados con fosfatasa alcalina. Mientras que en los pa-
cientes con LL/BL los anticuerpos IgG 1 se enlazaron
a varias bandas discretas en el rango de los 10-70 kDa,
en los pacientes BT/TT el patron de reactividad fue
mas difuso y el enlazamiento mss fuerte de los anti-
cuerpos IgG1 ocurri6 en la regiOn de los 25-40 kDa.
Tanto en los pacientes LL/BL como en los pacientes
BT/TT, el reconocimiento con anticuerpos IgG2 es-
tuvo restringido a la regiOn entre los 25 y los 40 kDa
(la cual tambien se tine fuertemente para carbohidra-
tos). En los sueros LL/BL, el enlazamiento de los anti-
cuerpos IgG3 fue mds restringido que el de los anti-
cuerpos IgG I, con fuerte reactividad con componentes
de 25 y 28 kDa. Los sueros BB/TT mostraron fuerte
enlazamiento con anticuerpos IgG3 en las regiones de
25-32 y de 5-7 kDa. Los anticuerpos IgG4 mostraron
enlazamiento debit con un componente de 28 kDa solo
en los pacientes lepromatosos. Se discuten las di feren-
cias en los patrones de reconocimiento de las subclases
de IgG y sus implicaciones.

RÉSUMÉ

On a etudie, par electrophorese de sonicats de My-
cobacterium leprae dans du gel de SDS-polyacrylamide
et par immunoblotting, la reconnaissance des antigenes
de M. leprae par des sous-classes d'IgG chez des ma-
lades de la lepre. On a utilise des pools de serum pro-
venant de malades de la lepre, soit du type lepromateux
(LL/BL), soit du type tuberculoide (BT/TT). On a uti-
lise un pool de serum de têmoins en bonne sante afin
de determiner factivite de base des anticorps. Afin
d'ajuster pour les differences quantitatives d'anticorps
tout le long du spectre de la maladie, le pool de serum
LL/BL a ete utilise a une dilution de 1:200 et le pool
de serum BT/TT a une dilution de 1:20. Des anticorps
monoclonaux specifiques pour chacune des sous-class-
es d'IgG ont ete utilisêes comme sondes, avec des IgG

anti-souris conjugues 0 de la phosphatase alkaline
comme sonde de revelation. Des anticorps IgG 1 se
lierent 0 differentes bandes discretes dans des regions
allant de 10 0 70 kDa chez les patients LL/BL, tandis
que les malades BT/TT montraient un type plus diffus
avec la plus forte liaison anticorps IgG 1 dans la region
25-40 kDa. La reconnaissance avec 1'IgG2 a êté
a une region entre 25 et 36 kDa (qui avait également
une forte coloration pour les carbohydrates) chez les
malades LL/BL et chez les BT/TT. La liaison avec les
anticorps IgG3 etait plus limitee que pour les anticorps
IgG 1 aux serums LL/BL, avec one forte reconnaissance
limitée aux 25 et 28 kDa. Les scrums BT/TT ont montre
une forte liaison avec les anticorps IgG3 dans la region
25-32 kDa aussi bien que dans celle de 5-7 kDa. Les
anticorps IgG4 ont montre one faible liaison dans la
region de 28 kDa seulement chez les malades lepro-
mateux. Les differences dans les types de reconnais-
sance de sous-classes d'IgG, ainsi que 'curs implica-
tions, sont discutees.
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