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Similar immunizations of mice and hybridoma technology were used by several investigators to
raise monoclonal antibodies which identified a limited range of epitopes and antigenic molecules.
Further studies would have the scope for revealing yet more novel structures. The existing MABs
are agreed standard reagents, available to investigators and valuable for several applications. At
least six epitopes specific for M. leprae were defined in molecular terms. Monoclonal antibody
based immunoassays proved to be invaluable for the screening of recombinant DNA clones and for
the topographic study of individual epitopes. Purification of antigens using affinity chromato-
graphy requires further development of techniques whilst serology of leprosy is open for clinical

and epidemiological evaluation.

Immune responses to antigens of M. leprae
play a key role in the pathogenesis of leprosy.
Following infection, effective immunity can
lead to self-healing; alternatively, the pro-
nounced but ineffective lymphocyte and macro-
phage recactions can be manifested as tubercu-
toid leprosy, or the specific anergy of the lym-
phoid system may allow unlimited multiplica-
tion and spread of bacilli associated with lepro-
matous leprosy. It has been suspected, but not
proved, that the spectrum of clinical and im-
munological reactions could be attributed to
differences in the activated host lymphocyte
repertoires in respect of the various antigenic
constituents of thc infecting organism (Ivanyi,
1986). Consequently the fundamental rescarch
aimed towards the definition of the antigenic
structure of M. leprae is of great importance.
Progress along this way was made by mono-
clonal antibodies (MAB) which had been raised
during recent years by investigators in several
laboratories. These reagents were evaluated in a
WHO sponsored workshop, etablishing their
corresponding specificities and basic properties
(Engers, 1985). The purpose of this paper is to
review the current position in the application of
monoclonal antibodies to the various objectives
of leprosy research.

Protein untigens — The antigenic molecules
of M. leprae defined by monoclonal antibodies
are listed in Table. These were determined by
immunoblot analysis of the M. leprae soluble
cxtract (MLSE) using SDS-polyacrylamide gel
clectrophoresis. When comparing the various
MABs, competition for antigen binding between
4 pair of antibodies enabled to distinguish be-
tween distinct oroverlaping specificities. Soluble

extracts from several species of mycobacteria
were tested for the definition of the binding spec-
ificity of the MABs. Species specific deter-
minants (epitopes) were found on six proteins
with molecular weights corresponding to 65kD,
36kD, 35kD, 28kD, 18kD and 12kD. In the
case of the 35kD antigen, the epitope binding
to MAB fails to renature from SDS and therefore
MAB-based affinity chromatography was used
tfor purification and identification of the molec-
ular weight (Ivanyi et al., 1985). This molecule
seems to differ from the 36kD protein as the
former is contained in line 2, whereas the latter
in line 7 defined by counterimmunoelectro-
phoresis (Harboe & Ivanyi, 1987). These two
proteins probably differ also by being cyto-
plasmic or cell-wall origin, respectively. Epi-
topes cross-reactive with other species of my-
cobacteria have not yet been demonstrated on
the 35kD, 18kD and 12kD molecules but their
existence seems likely from studies based on
polyclonal antisera. However, several cross-reac-
tive epitopes were identified on the 65kD pro-
tein and at least one was detected on the 28kD
antigen. The epitope of the 70kD protein shows
a limited extent of cross-reactivity.

Glycolipid antigens — Chemical analysis and
monoclonal antibodies (Young et al., 1984)
identified an M. leprae-specific terminal disac-
charide on the phenolic glycolipid (PGL-I)
which represents a major constituent of the
organmism. Anti-PGL-] MABs differ in fine spec-
ificity as their binding can be abrogated by the
removal of either a single (3,6-di-O-methy!
glucose) terminal sugar or two sugar residues,
while deletion of long chain fatty acids from
the phthiocerol diester part of the molecule did
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TABLE
Antigens of M. leprae defined by monoclonal antibodies
Binding to
M?Jgﬁu,lffr Structure Antibody code (isotype) other Reference **** Note
mycobactena
70kd protein L7(1gG) limited 7
6 5kd protein NIES(G1),IVDB(GI) none 1 CIE***hne 7
ITH9(G2a) broad 1
[IC8(G2Yb) broad 1
ML30(G1) broad 2
30-40kd protease-resistant™ ML 34(IgM) limited 2 Cell wall
ML02(G3),ML0O9(G3) limited 2
L1(IgM),L9(G3) broad 7
36kd protein F47-9(G1) none 4 CIE line 7
35kd protein ML0O4(G1),MLO3(G1),ML38(G1l) marginal** 2 CIE linc 2
cy toplasm
28kd protein SAI.AIB(GI) none 6
D2DG1) broad 6
1 8kd protein LS(G1),L6(1gM) none 7
1 2kd protein MLO6(G]1),ML10(G2a) nonc 2 CIL line 11
cytoplasm
4,5-6kd protease-resistant L3(1gM)24(G2a)B6((G3) broad 7
1 5kd phenolic B (1gM) none 3 surface
glycolipid | AlL nonc 3 capsule
B9D broad 3
Arabinomannan broad 5 cell wall

*Corresponding to lipoarabinomannan B (Brennan et al., 1986; D. Young, personal communication).
**RIA: limited cross-reactivity by nitrocellulose dot-blot (LI'ngers, 1985).
***Crosscd immunoelectrophoresis (Harbore & fvanyi 1986; Engers et al. 1985).
x***]. Gillis and Buchnan, 1982; 2. Ivanyi et al., 1983; 3. Young ct al., 1984 4. Klatserct al., 1984: 5. Miller &
Buchanan, 1984; 6. Young ¢t al., 1985: 7. Britton ct al., 1986; 8. kngerset al., 19835.

not affect antibody binding. This antigen forms
a surface capsule and has been found in large
amounts in tissues and body fluids of multi-
bacillary leprosy patients and infected armadil-
los. Detection of PGL-I in the sera of patients
with lepromatous leprosy was achieved by a
recently developed immunoassay (Young et al.,
1985a, b, ¢). Test sera are applied as spots onto
the polysulphone membrane and developed by
binding with anti-PGL-1 MAB followed by
labelled anti-mouse immunoglobulin antibody.
This test working with a sensitivity of 0.05 ug
PGL-I per ml is applicable for the diagnosis
of patients with multibacillary leprosy. Their
identification is of the greatest epidemiological
interest as they represent the source of infec-
tion to the susceptible contacts within commu-
nities at a risk. Detection of PGL-I may also be
of interest for monitoring thc cffectiveness of
chemotherapy as a convenient marker of its
sterilising effect during management.

Another antigen of interest is the lipoarabino-
mannan B (LAM-B) (Hunter et al., 1986). This

structure carries at least two distinct epitopes
identified by MABs (Ivanyi et al., 1983; Britton
et al., 1986). These epitopes cross-react with
several other species of mycobacteria. It is of
interest that anti-LAM-B antibody binds to
intact M. ruberculosis bacilli, but not to M
leprae where it might be covered by PGL- or
by host-derived molecules: however binding is
revealed following ultrasonication of the M
leprae bacilli (Praputpittaya & lvanyi. 1985).

Recombinant DNA clones - M. leprae 1S not
cultivable in virro and the production of bacilli
from infected armadillo tissues Is restrictive.
Hence, expression of individual antigens in re-
combinant DNA clones has bcen a major break-
through in leprosy research (Young ct al.,
1985a, b, ¢). This was achieved by thc imsertion
of mechanically shcared 1-71b DNA fragments
with random endpoints into lambda gt11 phage
vectors. Pooled and later individual MABs were
used to probe the antigen expression of this
DNA Dibrary in £ coli clones. Phage plaques
were blotted onto nitrocellulose and developed
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by immunoassay using several existing MABs.
This approach demonstrated the exquisite
advantage of MABs over the use of cross-
absorbed polyclonal antisera for the identifica-
tion of recombinant clones expressing species-
specific antigens. The M. leprae DNA library
contains 2.5 x 10° individual recombinant
phage comprehensively representing the DNA
of the bacillus and was amplified to a titre 2 x
10'" plaques. All clones isolated with mono-
clonal antibodies directed against distinct
proteins apparently align with single linear DNA
segments. However, conformational epitopes
would not be detected by this method.

Competitive binding assays showed that
monoclonal antibodies recognise at least 14
topographically distinct epitopes on the 65kD
molecule (Buchanan et al., 1987). A DNA subli-
brary was prepared from fragments of the 65kD
gene (Mehra et al., 1986). These clones were
screened by MABs to 6 epitopes and their ami-
no acid sequences were determined on the basis
of minimum overlap among adjacent clones
which bound with the same antibody.

Affinity chromatography — Despite the
monospecificity of MABs, their application for
the purification of antigens from soluble ex-
tracts of M. leprae or from recombinant £ coli
lysates has met with only partial success (Ivanyi
et al., 1985). This is attributable probably to
complexing between the constituents within
these extracts. Alternatively, several antigens
may remain associated with cell-wall derived
fragments. The general experience has been
that MAB-based affinity columns perform at a
low capacity, produce low yields and it is dif-
ficult to obtain satisfactory purity of antigens
without contaminating constituents.

Columns of CNBr-activated Sepharose 4B,
coupled with 60mg of anti-12kD (ML0O6) MAB
were used for the purification of the 12kD an-
tigen from MLSE. Soluble extracts were treated
with protease inhibitors and spun 30 min. at
100,000 g prior to separation. Elution of antigen
with 3M NaSCN yielded about 50% of antigen
contained inthe original soluble extract. Similar
results were obtained using the anti-35kD
(ML0O4) MAB coupled to protein A-Sepharose
4B and 2.5M Nal as the eluting buffer (Ivanyi
et al., 1985). Each MAB and corresponding
antigen, requirc individual evaluation in the
selection of the most suitable conditions for
coupling and elution from the column. Ad-
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ditional development of techniques is required
for scaling up the fractionation procedures.

Serological studies — It has been demon-
strated in several previous studies that patients
with lepromatous leprosy produce high anti-
body levels to M. leprae (Melsom, 1983). Hence,
serological diagnosis is of interest as an adjunct
to the current means of case finding and partic-
ularly suitable for large-scale screening of pop-
ulations in leprosy endemic areas. Development
of a useful test depends on the identification of
epitopes which are specific for M. leprae as well
as strongly immunogenic in leprosy patients.
Testing for antibodies to individual epitopes
without antigen purification was achieved by
the competition test, whereby the binding of
radio — or enzyme — labelled MABs to MLSE-
coated microtitre plates is inhibited only by
sera containing thc same specificities as the
labelled MAB probe (Hewitt et al., 1982). By
this type of analysis, it was found that sera
from essentially all LL patients have high levels
of anti-35kD but do not contain any anti-12kD
antibodies (Sinha et al., 1983). Subsequent
studies using the competition assay reported
that antibody levels to several other antigens
were elevated to various degrees in both lepro-
matous and tuberculoid leprosy (Klatser et al.,
1985; Britton et al., 1986). It has also been
reported that sera from a small number of
healthy leprosy contacts contain low levels
of anti 35kD antibodies (Sinha et al., 1985 Ash-
worth et al., 1986). Although this approach is
of interest for the possible prognostic value of
serology, the results cannot be evaluated
without more extensive long-term follow up
studies. Anti 35kD antibody formation was
found also in volunteers in Norway who were
given the killed M leprae vaccine (Gill et al.,
1986). This antibody response was induced
by 1.5 — 5 x 10® but not by lower numbers of
bacilli and developed consistently only 6
months after vaccination.

Serological studies were performed also
using the M. leprae specific PGL-I and its termi-
nal disaccharide as solid-phase coating antigen
in an ELISA test (Cho et al., 1983; Brett et al.,
1983). This technique has the advantage in the
availability of the synthetic disaccharide hapten
and in the greater popularity of binding over
the competition assays. However, non-specific
adsorbtion of serum IgM, particularly when in
immune complex, may interfere with the read-
ings of weak positive values in the PGL-I bind-
INg assay.



150

REFERENCES

ASHWORTH, M.; SINHA, S.; PATIL, S.A.; RAUM, G.
& SENGUPTA, U., 1986. The Dectection of sub-
clinical Leprosy using a Monoclonal Antibody
Based Radioimmunoassay. Lepr. Rev., 57 :237-242.

BRETT, S.J.; DRAPER, P.; PAYNE, S.N. & REES,
R.J.W., 1983. Serological activity of a charac-
teristic phenolic glycolipid from Mycobacterium
leprae in sera from patients with leprosy and tu-
berculosis. Clin. exp. Immunol., 52 :271.

BRITTON, W..; HELLQUIST, L.; BASTEN, A. &
RAISON, R.L., 1985. Mycobacterium leprae an-
tigens involved in human immune responses. l.

Identification of four antigens by monoclonal
antibodies. J. Immunol., 135 :14171-4177.

BRITTON, W.J.: HELLQVIST, L.; BASTEN, A. &
INGLIS, A.S., 1986. Immunoreactivity of a 70kD
protein purified from Mycobacterium bovis bacil-
lus Calmette-Guerin by monoclonal antibody af-
finity chromatography. J. Exp. Med., 164 :695-
708.

BUCHANAN, T.M.; NOMAGUCHI, H.; ANDERSON,
D.C.; YOUNG, R.A.,, GILLIS, T.P.; BRITTON,
W.J.; IVANYI, J.,, KOLK, A.H.J.; CLOSS, O.,
BLOOM, B.R. & MEHRA, V., 1987. Characteriza-
tion of Antibody-Reactive Epitopes on the 65-
Kilodalton Protein of Mycobacterium leprae. Infec.
Immunol., 55 :1000-1003.

CHO, S-N.; YANAGIHARA, D.l..; HUNTER, S.W.;
GELBER, R.H. & BRENNAN, P.J., 1983. Serol-
ogical specific of phenolic glycolipid 1 from My-
cobacterium leprae and use in serodiagnosis of
leprosy. Infect. Immunol., 41 :1077-1083.

CHO, S-N; HUNTER, S.W.; GELBER, R.H.; REA,
T.H. & BRENNAN, P.J., 1986. Quantitation of
phenolic glycolipid of Mycobacterium leprae and

relevance to glycolipid antigenemia in leprosy. J.
Infect. Dis., 153 :560-569.

ENGERS, H.D., 1985. Results of a World Health
Organization-Sponsored Workshop on Monoclonal
Antibodies to Mycobacterium leprae. Infect. Im-
munol., 48 :603-60S.

FUJIWARA, T.; HUNTER, S.; CHO, S-N; ASPINALL,
G.0. & BRENNAN, P.J. 1984. Chemical synthesis
and serology of the disaccharides and trisac-
charides of phenolic glycolipid antigens from the
leprosy bacillus and preparation of disaccharide
protein oonjugate for serodiagnosis of leprosy.
Infect. Immunol., 43 :245-252.

GILL, HK.; MUSTAFA, AS.;IVANYI, J.; HARBOE,
M. & GODAL, T., 1986. Humoral immune re-
sponses to M. leprae in human volunteers vac-
cinated with Kkilled, armadillo-derived M. leprae.
Lepr. Rev., 57 :293-300.

GILLIS, T.P. & BUCHANAN, T.M., 1982. Production
and partial characterisation of monoclonal anti-
bodies to Mycobacterium leprae. Infect. Immunol.,
37 :172-178.

HARBOE, M. & IVANYI, J., 1987. Analysis of Mono-
clonal Antibodies to Mycobacterium leprae by
Crossed Immunoclectrophoresis. Scan, J. Immunol.,
25 :133-138.

HEWITT, J.. COATES, A.R.M.; MITCHISON, D.A. &
IVANYI, J., 1982. The use of monoclonal anti-
bodies without purification of antigen in the se-

J.IVANYI

rodiagnosis of tuberculosis. J. Immunol. Methods,
55 :205-211.

HUNTER, S.W.; GAYLORD, H. & BRENNAN, P.J,
1986. Structure and antigenicity of the phos-
phorylated lipopolysaccharides of the tubercle
and leprosy bacilli. J. Biol Chem., 261 :12345-
12351.

IVANYI, J., 1986. Pathogenic and Protective Interac-
tions in Mycobacterial Infections. Clin. Immunol
and Allergy, 6 :127-157.

IVANYI, J.; MORRIS, J.A. & KEEN, M., 198s.
Studies with Monoclonal Antibodies to Mycobac-

teria. In: Monoclonal Antibodies Against Bacteria.
Ac. Press, Inc., I :59-90.

IVANYI, J.; SINHA, S.; ASTON, R.; CUSSELL, D.;
KEEN, M. & SENGUPTA, U., 1983. Definition of
species specific and cross-reactive antigenic deter-
minants of Mycobacterium leprae using monoclonal
antibodies. Clin. exp. Immunol., 52 :528-536.

KLATSER, P.R.; VAN RENS, MM. & EGGELTE,
T.A., 1984. Immunochemical characterisation of
Mvcobacterium leprae antigens by the SDS-
polyacrylamide gel electrophoresis immunoper-
oxidase technique (SGIP) using patients’ sera.
Clin. Exp. Immunol., 56 :537-544.

KLATSER, P.R.; DE WIT, Y.L. & KOLK, H.J., 1985.
An ELISA-inhibition test using monoclonal anti-
body for the serology of leprosy. Clin. exp. Immu-
nol., 62 :468-473.

MEHRA, V.; SWELTSER, D. & YOUNG, R.A., 1986.
Efficient mapping of protein antigenic dctermi-
nants. Proc. Natl Acad. Sci. USA, 983 :7013-
7017.

MELSOM, R., 1983. Scrodiagnosis of Leprosy. The
Past, the Present, and Some Prospects for the Fu-
ture. Int. J. Lepr., 51 :235-252.

MILLER, R.A., & BUCHANAN, T.M., 1984. Produc-
tion and Characterization of a Murine Monoclonal
Antibody Recognizing a Shared Mycobacterial
Polysaccharide. Int. J. of Lepr., 52 :461.

PRAPUTPITTAYA, K. & IVANYI, J., 1985. Detec-
tion of an Antigen (MY4) Common to M. tuber-
culosis and M. leprae by ‘Tandem’ Immunoassay.
J. Imm. Meth., 79 :149-157.

SINHA, S.; SENGUPTA, U.; RAMU, G. & IVANYI,
J., 1983. A serological test for leprosy based on
competitive tnhibitton of monoclonal antibody
binding to the MY2a determinant of Mvcobac-
terium leprae. Trans. R. Soc. Trop. Med. & Hyg.,
/7 :869-871.

SINHA, S.; SENGUPTA, U.; RAMU, G. & IVANYI,
J., 198S. Serological Survey of Leprosy and Con-
trol Subjects by a Monoclonal Antibody-based
Immunoassay. Int. J. Lepr., 53 :33-38.

YOUNG, D.B.; KHANOLKAR, S.R.; BARG, L.L. &
BUCHANAN, T.M., 1984. Generation and Charac-
terization of Monoclonal Antibodies to the Phenolic
Glycolipid of Mycobacterium leprae. Infect. In-
munol., 43 :183-188.

YOUNG, D.B.; FOHN, M.]J. & BUCHANAN, T.M.,
19854, Use of a Polysulfone Membrane Support
for Immunochemical Analysis of a Glycolipid from
Mycobacterium leprae. J. Imm. Meth., 79 :205-
211.

YOUNG, D.B.; FOHN, M.J.: KHANOLKAR, S.R. &
BUCHANAN, T M., 1985P. Monoclonal antibodijes
to a 28,000 mol. wt protein antigen of Mycobac-
terium leprae. Clin. exp. Immunol, 60 :546-552.



MONOCLONAL ANTIBODIES ANTI-M. LEPRAFE ANTIGENS 151

YOUNG, D.B.; HARNISH, J.P.; KNIGHT, J. & terium tuberculosis. Infect. Immunol., 54 :177-
BUCHANAN, T .M., 1985€. Detection of Phenolic 183.
Glycolipid T in Sera from Patients with Lepro- YOUNG, R.A.; MEHRA, V.; SWLELETSER, D
matous Leprosy.J. Inf. Dis., 1571 :1078-1081. BUCHANAN, T.; CLARK-CURTISS, J., DAVIS,
YOUNG, D.; KENT, L.; REES, A.; LAMB, J. & R.W. & BLOOM, B.R., 1985. Genes for the major
IVANYI1, J., 1986. Immunological activity of a protcin antigens of the leprosy parasite Mycobac-

38 kilodalton protein purified from Mycobac- terium leprae. Nature, 316 :450-452.



