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SUMMARY

IgG subclasses are known to be differentially regulated by cytokines (elaborated by activated T
cells), which act as growth factors and immunoglobulin switch factors on B cells. In leprosy, we
have previously shown that IgG subclass antibodies to a purified recombinant antigen of
Mycobacterium leprae (18 000 MW) are restricted to IgGI and IgG3 across the disease spectrum.
The only significant difference observed was that lepromatous patients with low to undetectable T-
cell responses showed a strong correlation between IgGl and IgG3 (P < 0-001) antibodies while
tuberculoid patients who showed strong T-cell responses did not show such a correlation. To
examine if these differences were related to T-cell-mediated class switching in tuberculoid leprosy
patients, we have studied epitope recognition by IgG I and IgG3 using a panel of synthetic peptides
spanning the 18000MW molecule in an enzyme-linked immunosorbent assay (ELISA). In
lepromatous patients there was little similarity in peptide recognition by IgGl and IgG3, with
IgGl recognition being restricted to a single dominant carboxy-terminal peptide while the IgG3
antibodies recognized a diverse set of peptides in the N-terminal half of the 18 000 MW molecule.
In tuberculoid patients both IgG I and IgG3 antibody showed recognition of similar peptides in the
N-terminal half of the 18 000MW molecule. Our results therefore support the hypothesis that
immunoglobulin class switching is occurring in tuberculoid but not in lepromatous patients.

INTRODUCTION

Selective activation of IgG subclasses during infection may
have important implications in disease progression because of
the inherent differences in the biological functions of each IgG
subclass." 2 Cytokines elaborated by activated T cells provide
both growth and immunoglobulin switch factors for B cells.3
However, little is known about the mechanisms which control
IgG subclass switching in human disease. Infection with leprosy
results in polarization of T cells and humoral responses at the
two ends of the leprosy spectrum, with increasing antibody
responses at the lepromatous pole and increasing T-cell
responses towards the tuberculoid pole.4 5 Leprosy, therefore,
provides an ideal disease to study the impact of T-cell
activation on the quality of IgG subclass antibody responses.
We have reported previously that the IgG subclass antibody
response to the recombinant Mycobacterium leprae 18 000MW
antigen was restricted to IgG 1 and IgG3 subclasses irrespective
of the level of T-cell activation. The only significant difference
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observed was that lepromatous patients showed a strong
correlation between IgGI and IgG3 antibodies (P < 0001)
while tuberculoid patients did not show such a correlation.6 To
examine if these differences were related to differential T-cell
activation in leprosy patients, we studied the M. leprae
18 000MW epitopes recognized by IgGl and IgG3 antibodies.
Binding of IgG subclass antibodies to a series of overlapping
15-mer synthetic peptides spanning the entire 18000MW
molecule was analysed. Tuberculoid patients showed recognition
of several similar peptides by both IgGI and IgG3, but in the case
of lepromatous patients IgG3 and IgGI showed distinct patterns
of peptide recognition. Our results are, therefore, consistent with
the hypothesis that downstream class switching from IgG3 to
IgG1 and maturation of the antibody response is not occurring in
patients with lepromatous leprosy but is occurring in patients with
tuberculoid leprosy.

MATERIALS AND METHODS

Leprosy patients
Untreated leprosy patients presenting at The Marie Adelaide
Leprosy Center, Karachi, Pakistan, and without any evidence
of reactional complications were recruited to the study. Patients
were diagnosed clinically as well as histologically on a 4-mm
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punch biopsy taken from the edge of an active lesion.7 Sera
from 19 lepromatous and borderline lepromatous (LL/BL)
designated as L, and nine tuberculoid and borderline tuber-
culoid (BT/TT) designated as T, leprosy patients were selected
for epitope mapping based on the M. keprae 18000MW
positivity with IgGI and IgG3 antibodies. Negative controls
included a serum pool from five healthy endemic donors; sera

from two leprosy patients that were negative for IgGI and IgG3
antibodies to 18000MW were also included as controls for
high levels of irrelevant antibodies.

Antisera
Five millilitres ofblood collected from either leprosy patients or
healthy endemic donors was allowed to separate overnight at
4°. Serum was removed and centrifuged at 400g for 15 min; the
clear supernate was distributed in small aliquots and frozen at
-70° before use.

M. leprae 18000MW antigen
The recombinant M. leprae 18 000MW preparation used in the
study was the full-length 18 000MW kindly provided by Dr J.
Watson (University of Auckland, New Zealand).8 The antigen
was Escherichia coli derived, ammonium sulphate precipitated
and further subjected to high-performance liquid chromato-
graphy (HPLC). The protein was >95% pure as assessed by
sodium dodecyl sulphate-polyacrylamide gel (SDS PAGE)
electrophoresis (R. Prestidge, personal communication).

Peptide synthesis
Overlapping peptides spanning the whole length of the
18000MW protein were synthesized by manual solid-phase
synthesis (Ramps; Du Pont, Stevenage, UK) using Fmoc
chemistry on Rink resin ( 4-(2', 4'-dimethoxyphenyl-
Fmoc-aminomethyl)-phenoxy resin; Calbiochem, Nottingham,
UK). Fmoc-protected amino acids (Bachem, Bubendorf,
Switzerland) were converted to hydroxybenzotriazole-activated
esters by treatment with hydroxybenzotriazole and N, N'-
diisopropylcarbodiimide in dimethyl formamide (DMF).
Subsequent coupling reactions were performed in DMF and
the Fmoc groups were removed with 50% piperidine in DMF
followed by a series of washes in DMF. After synthesis, side-
chain protecting groups were removed and the peptides were

cleaved off the resin in trifluoroacetic acid in the presence of
appropriate scavengers. After cleavage, peptides were precipi-
tated with diethylether and their purity assessed by analytical
HPLC. Fifteen peptides (designated A-O according to the
order of synthesis and not according to amino acid order) were
synthesized. The peptides were 15-mer overlapping by five
amino acids with two exceptions: one being the C-terminal
peptide K (amino acids 131-148) and the second being peptide
D (amino acids 38-50).

Reagents, monoclonal antibodies and conjugates
The monoclonal antibodies specific for human IgG subclasses
used in this study were HP 6069 (anti-IgG1), kindly provided
by Dr R. Hamilton (John Hopkins University, Baltimore,
MD), and HP 6047 (anti-IgG3), prepared at the Center for
Disease Control (Atlanta, GA; a gift from Dr C. Reimer). The
specificity evaluation and performance characteristics of these
antibodies in enzyme-linked immunosorbent assay (ELISA)
systems have been described in detail elsewhere.9'10 Goat

anti-mouse IgG conjugated to alkaline phosphatase was
obtained commercially (Jackson Laboratories, West Grove,
PA) and used according to the manufacturer's recommendations.

IgG subclass antibodies to 18000MW and its 15-mer peptides
Immulon 4 plates were coated with 0 lpg/well of M. leprae

18000MW or 20 pg/well of the individual peptides in
carbonate buffer, pH 9-6, for 2 hr at 370 and then overnight at
40. The plates were blocked with 200p1 phosphate-buffered
saline (PBS) containing 5% bovine serum albumin (BSA) for
2 hr at 370 and subsequently washed in PBS containing 0 05%
Tween-20 (PBS-Tween) three times. One hundred microlitres
of sera diluted in PBS-Tween containing 1-0% BSA was added
to both peptide-coated and uncoated blocked wells (serum
blank) at a single dilution of 1/20, and incubated for a further
2 hr at 370 and then overnight at 4°C. For detection of IgG
subclass-specific antibodies, wells were incubated with mono-

clonal antibodies specific for IgG1 (HP 6069) or IgG3 (HP
6047) subclasses for 2 hr at 370 and then overnight at 4°. The
final incubation was with anti-mouse IgG conjugated to
alkaline phosphatase (Fc specific; Jackson Laboratories). A
serum pool from five healthy endemic donors and IgG
18000MW-positive and -negative sera from leprosy patients
was run in each assay to control for background binding to
peptides, non-specific binding due to the presence of high titres
of non-relevant antibodies in leprosy sera, and interassay
variability.

18000 MW-peptide inhibition ELISA
Peptide mixtures used for inhibition of binding of 18 000MW
antibodies were L and M (amino acids 1-15 and amino acids
11-25) or A and K (amino acids 121-135 and 131-148).
Immulon 4 plates were coated with 01 pg/well of M. leprae

18 000MW. The plates were blocked with 200 p1 PBS contain-
ing 5% BSA for 2 hr at 370 and subsequently washed in PBS
three times. Two high-titred sera from lepromatous leprosy
patients (L607 and L973) were preincubated in triplicate at a

dilution of 1: 400 for IgG1 and 1:40 for IgG3 with soluble
peptides L and M or A and K at a final concentration of 5 yg/
ml, or 18000MW at 25pg/ml diluted in antibody diluent
containing 1% BSA in PBS with Tween-20 (0 05%), and
incubated at 370 for 2 hr and subsequently at 40 overnight. One
hundred microlitres of serum-peptide mixture, or control
serum without peptides but treated in a similar fashion, was

added to the 18 000 MW-coated plate, incubated for 2 hr at 370
and then overnight at 40. The remaining steps of addition of
IgG subclass-specific monoclonal antibodies and revealing
probe were similar to that described above for the IgG subclass
ELISA. Percentage inhibtion was calculated as percentage
reduction in binding compared to control serum.

Statistical analysis
Student's t-test was used to assess the significance of differences
in inhibition of IgG1 and IgG3 binding after preincubation
with soluble peptides in patients' sera.

RESULTS

Characterization of sera for epitope mapping

A panel of 28 sera (19 LL, five BT and four TT) with defined
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Figure 1. Dilution curves in selected sera from patients with
lepromatous leprosy ( L) and tuberculoid (T) disease. Solid lines
indicate patients' sera. Broken lines are pooled sera from healthy
endemic donors. Open circles indicate IgGI and closed circles IgG3
antibody responses to M. leprae 18000MW.

antibody responses was selected for use in the peptide-binding
experiments after screening 127 untreated leprosy patients.
Each serum was titrated to determine the concentration of
IgG1 and IgG3 anti-18 000MW antibodies. Sera were selected
for strong 18000MW recognition by either the IgGI or IgG3
subclass antibody. Examples of dose-response curves and
selective antibody subclass responses are shown in Fig. 1. The
inclusion of sera containing antibodies belonging to a single
subclass provided controls for competition among subclasses of
antibodies that could mask responses to certain common

epitopes.

Peptide binding by IgG1 and IgG3 antibodies

Binding ofpeptides by IgGI antibodies. The results obtained
with the individual sera from leprosy patients are given in
Table 1 for IgGl antibody responses to the peptides. A panel
of 15 overlapping peptides spanning the sequence of the
M. leprae 18000MW antigen was tested for binding with
antibodies at a single dilution (1: 20) of patients' serum. Sera
are ranked in the table according to the titre of the relevant
IgG subclass. Sera from two leprosy patients without
detectable antibodies (titre < 20) in either subclass were

included as controls for non-specific binding to peptides due
to the high titres of non-relevant antibodies reported in leprosy
sera. A serum pool from healthy endemic donors was also

included as a control for baseline antibody activity. The optical
density obtained after deducting the control reading with the
corresponding reagent blank of each individual peptide is
included in the table. Because of the wide variation in non-

specific binding of sera to the uncoated wells, the optical density
obtained with uncoated blocked wells (serum blanks) is also

indicated. Leprosy sera containing antibodies to 18000MW
selectively in IgGI or IgG3 subclasses provided additional
reciprocal controls for each of the IgG subclasses. The
corresponding reagent blank with individual peptides did not
show much variation and ranged between 0-05-0 1. Corre-
sponding reagent blank readings for each peptide were,

however, deducted from the test reading. Surprisingly,
individual sera showed a wide variation in non-specific binding
to uncoated wells, which was observed to be much higher for
IgG3 than IgGl, although the antibody titres for IgG3 were

lower than IgG1 antibodies. This was, therefore, not due to
non-specific factors in the serum but may be related to the
structural properties of IgG3 antibodies, such as its 13-15
disulphide bonds in the hinge region making it prone to
denaturation and stickiness. It was therefore neccessary to take
into consideration this non-specific binding for each serum

when evaluating the positive signal. The signals were

considered weak if the ratio of binding with peptide-coated
wells was two- to fourfold higher compared to serum blanks,
and strong if the signals were > fourfold higher. Optical
densities below 0- 1 were considered negative even if the ratio of
binding was higher than 2.

It was reassuring to note that sera from lepromatous
patients negative for IgG1 18000MW antibodies were also
negative with all the peptides, indicating that there was very
little background noise due to non-relevant antibodies. IgGI in
lepromatous patients showed consistent recognition of a single
carboxy-terminal peptide K (amino acids 131-148), giving a

signal in 11/16 IgG1 18000MW-positive sera, with the
majority of sera showing strong signals. Five additional
peptides were recognized but at the most by two lepromatous
sera. Two sera (nos L838 and L672) with IgG1 18000MW
titres of 1280 and 160 either bound very weakly or did not bind
to any of the peptides. This was not due to competition with
IgG3 antibodies, as both these sera had low to undetectable
levels of IgG3 antibody. It is likely that antibodies in these sera

may be recognizing a conformational epitope which may be lost
in the linear sequence. The strongest binding was observed with
sera with higher antibody titres. Not unexpectedly, in patients
with tuberculoid leprosy the overall titres of IgG1 antibodies
were lower than in lepromatous patients and, therefore,
resulted in overall weaker signals with peptides as well.
However, the peptides recognized in tuberculoid sera with

IgGl antibody were quite different than those recognized by
lepromatous patients. In addition, a larger panel of peptides (L,
N and I) was recognized in a more consistent fashion. Peptides
L and N were recognized by 5/8 and peptide I was recognized
by 7/8 IgGi-positive sera. The carboxy-terminal peptide
strongly recognized by lepromatous patients showed no

significant binding with tuberculoid patients. None of the

peptides showed IgGl positivity with the endemic serum pool
or a tuberculoid serum with a <20 IgG1 anti-18 000MW

antibody titre, indicating that the peptides were being
recognized in a specific fashion.

Binding ofpeptides by IgG3 antibodies. The results obtained
with IgG3 antibodies are given in Table 2. The most striking
observation was that, unlike IgGl, IgG3 showed a very similar

pattern of peptide recognition in both lepromatous and
tuberculoid patients. Surprisingly, IgG3, despite an overall
lower titre than IgGl to 18 000MW, showed a much broader
pattern of recognition than IgGl subclass antibodies in both
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Table 3. Specificity of antibody binding to peptides

IgGlt IgG3t
Serum Treatment* OD (% inhibition) OD (% inhibition)

L973 None 0-447(0 0) 0 279(0 0)
18000MW 0038(92) 0-106(62)
L and M (amino acids 1-25) 0 403(10) 0-280(0 0)
A and K (amino acids 121-148) 0-239(47) 0-272(0 0)

L607 None 1-112(00) 0448(00)
18000MW 0076(77) 0240(47)
L and M (amino acids 1-25) 1-056(5-0) 0-171(62)
A and K (amino acids 121-148) 0 460(55) 0 070(84)

*Sera were preincubated with 18000MW at final concentration of 25 jig/ml or with peptide
mixtures at 5 0 Mg/ml or with diluent alone as control.

tSera were tested in triplicate at a final concentration of 1/400 for binding of IgGI antibody at
18000MW and a 1/40 for binding of IgG3. Results are expressed as means of the triplicate and
percentage inhibition compared to control values.

lepromatous and tuberculoid patients. The main region
recognised by IgG3 antibodies was the N-terminal half of the
18000MW molecule. Five peptides strongly recognized by
both lepromatous and tuberculoid patients' sera were L, N, 0,

Lepromotous
IgG3

10 20 30 40 50 60 70 80 90100110 120130140
I I I I I * *

L628 I

L808

L650 - E

L831 _ -

L604 t , --- 1

L973 I

D and E; all these peptides were also recognized by IgGl in
tuberculoid sera. The carboxy-terminal peptide K (amino acids
131-148), strongly recognized by IgGl in lepromatous
patients, bound IgG3 in only 2/14 sera tested. The healthy

IgGI
10 20 30 40 50 60 70 80 90100 110 120130140

1 . . . . . . . . . . . . 1

L607

L957 I
L961 I
L710 I
L735 I
L790 I
L193 I
L672

Tuberculoid
IgG3

10 20 30 40 50 60 70 80 90100110 120130140

Tl 02

T127

T029
T083

T130
T1411
T336 I

T1019I

T100

IgGI
10 20 30 40 50 60 70 80 90100110 120130140
* * 1 1 * 1 1 1 * * 1 1 1 1

Figure 2. Comparative binding of IgG3 and IgGl in individual patients. Darker boxes indicates strong binding (signal/noise ratio
> 4 0) and lighter boxes indicate weak binding (signal/noise ratio 2-4).
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endemic serum pool bound two of the peptides, peptides D and
E, weakly. Even sera with a titre of < 20 to the whole
18000MW molecule showed weak binding with some of the
peptides in the same region, indicating that even low levels of
antibodies were able to give a positive signal with these
peptides. Thus binding of peptides with IgG3 antibodies was

similar to IgGi antibodies in tuberculoid patients but not in
lepromatous leprosy patients.

Specificity of antibody binding to the peptides

The specificity of antibody binding to peptides was evident by
an absence of binding with sera from (1) healthy endemic
donors and (2) leprosy patients with no detectable antibody to
18000MW. However, to confirm further the specificity of
peptide binding to antibodies in the leprosy sera, antibody
subclass binding to 18000MW on the plastic surface was

inhibited with soluble peptides. The binding of IgGI and IgG3
antibodies to 18 000MW was inhibited in sera of two patients
(L607 and L973) with two sets of peptide mixtures: L and M
containing the amino-terminal peptides (amino acids 1- 15 and
11-25) and A and K containing the carboxy-terminal peptides
(amino acids 121-135 and 131-148). For IgGI inhibition a

dilution of 1: 400, and for IgG3 a dilution of 1: 40, was used,
which corresponded to the mid-range of the binding curve with
18000MW (Fig. 1). The percentage reduction in binding for
IgGI and IgG3 is shown in Table 3. Patient L973, who had
shown strong recognition of peptides A and K with IgGI
(Table 1) showed 47% inhibition (P < 0 0001). Peptide mixture
L and M, which had given a signal lower than our cut-off point
for positivity (Table 2), also showed lower (10%) but significant
(P < 0 09) inhibition of IgGI binding in L973. However, both
peptides showed no inhibition in IgG3-binding assays for L973,
which also did not recognize these peptides in peptide-binding
assays, indicating that the signals in the peptide-binding assay
were highly specific.

Similarly, IgGI antibodies in L607 showed 55% inhibition
with A and K and 5% inhibition with peptide mixture L and M,
again corresponding to the antibody signals obtained in the

peptide binding. The IgG3 antibodies in L607 were inhibited to a

similar degree by both peptides (P < 0 001). Again, as expected,
18 000MW showed significant (P < 0 0001) inhibition with both
IgGI and IgG3 in L607. These results further substantiate the

IgGI and IgG3 antibody binding observed to these peptides and
confirm that the signals observed with the peptides (Tables 1 and

2) were highly specific. IgGI in both sera showed much higher
inhibition than IgG3 antibodies. One explanation may be that the

IgGI antibodies are of higher affinity than the IgG3 antibodies
and therefore more inhibitable. The differences in epitope recog-
nition by IgGi and IgG3 is much more clearly appreciated
when the two polar groups are compared simultaneously
(Fig. 2). Similar peptide recognition in tuberculoid but not in

lepromatous patients supports the hypothesis that downstream
switching from IgG3 to IgGi may be occurring in tuberculoid

patients but not in patients with lepromatous leprosy.

DISCUSSION

In order to analyse the impact of the presence or absence of
T-cell activation on epitope recognition by IgG subclasses, a

panel of leprosy sera from the opposite poles of the disease

spectrum was tested for their ability to bind to 1 5-mer synthetic
peptides spanning the entire M. leprae 18000MW molecule.
The antibody ELISA developed to address this issue showed
specific binding with minimum background noise.

The most striking finding in these studies was the
dissimilarity in peptide recognition by IgG1 and IgG3
antibodies in patients with lepromatous leprosy, although
most lepromatous patients showed concurrent IgG1 and IgG3
responses, confirming our earlier finding of a strong correlation
between IgGI and IgG3 anti-18 000 MW responses in patients
with lepromatous leprosy.6 In contrast, patients with tubercu-
loid leprosy showed similar patterns of recognition with both
IgGl and IgG3. The immunoglobulin gene arrangement on

human chromosome 14 is P-6-y3-y1 constant genes.1'
Interferon-y produced by the T-helper type 1 (Thl) subset is
the cytokine that up-regulates murine IgG2a (homologous to
human IgG3) synthesis in lipopolysaccharide (LPS)-activated
B cells.3 The switching of the IgM response to IgG3 and IgGI
occurs in patients with lepromatous leprosy without detectable
Thl cell responses, which are usually considered to be the
source of interferon-y. However, this cytokine is also derived
from cell sources other than the Thl subset, such as the 5T
cells,'2 which are selectively activated by mycobacterial
antigens'3 and natural killer (NK)'4 cells. Interferon-y from
these sources may, therefore, initiate IgG3 and IgG1 synthesis
in the absence of T-cell help. It is believed that intermediate
double-producer stages of B cells exist, where the new isotype is
first synthesized from alternative splicing of multi-CH RNA
transcripts.15,16 This cell is postulated to be the target of
additional factors for downstream gene switching. It is unclear
if the same factors which activate the B cells to synthesize the
multi-CH RNA transcripts also participate in deletion of the
genes for class switching. Our results would suggest that the
synthesis of IgG3 and IgGI takes places in two stages, with the
first step requiring synthesis of a multi CH-transcript which is
taking place in lepromatous patients, but the second step
requiring gene deletion may be absent, suggesting that
additional factors for maturation of isotype responses may be
absent in this group of patients but present in patients from the

tuberculoid pole. Direct confirmation, however, would require
the analysis of V-D-J sequence usage by different IgG
subclasses in both groups of patients.

The only peptide recognized in lepromatous as well as

tuberculoid patients in a consistent fashion was the carboxy-
terminal peptide K (amino acids 131-148). The binding of this

peptide to antibodies was highly specific, since the soluble

peptide could inhibit binding of IgG1 antibody to the

18000MW molecule in a highly specific manner. Surpris-
ingly, this peptide was not detected as a B-cell epitope in mice

immunized with either M. leprae,'7 18000 MW'8 or peptide
amino acids 131-148,'9 although we have recently produced
several mouse monoclonal antibodies to the M. leprae
18000MW molecule that recognize this peptide (B. Menz,
unpublished results).

The dominant L5 epitope (109-115 ) described using mouse
monoclonal antibodies'7 and shown to be M. keprae specific,20
with M. habana being the sole exception,21 showed an

interesting difference in leprosy patients. In lepromatous
patients the peptide containing the L5 epitope showed very
little binding by either IgGl or IgG3 antibodies. On the other

hand, tuberculoid patients showed strong recognition of this
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peptide by IgGl. Another L5 adjacent epitope, 116-120,
recognized by mouse T-cell proliferative responses'8 was not
recognized by either IgGI or IgG3 in tuberculoid or lepromatous
patients. While it is not surprising that during progressive
infection, immune responses are quite different than following
immunization with adjuvants in the mouse model, this point is
often overlooked. Parallels between mouse and human responses
should, therefore, be drawn with caution when defining epitopes
such as for second generation vaccines.

In conclusion, our studies show that while subclasses ofIgG
antibodies induced in leprosy are not affected by differential
T-cell activation, the number and nature of B-cell epitopes
recognized by IgG1 are highly influenced by the presence of
activated ThI cells, and that T-cell signals which determine the
regulation of human IgG subclass responses need to be
identified further.
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