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Summary It  is suggested that lepromatous leprosy may develop as a result of 
chronic suppression of specific cellular immunity by anti-idiotypic (Id) antibodies 
and Id-restricted suppressor lymphocytes. This potential immuno-tolerizing 
mechanism would probably be initiated most effectively in early life .  Auto-anti-Id 
responses may be induced by exposure to Mycobacterium leprae antigens, or 
maternal anti-Id antibodies may be acquired transplacentally. The anti-Id 
antibodies would be directed against a predominant self-antigenic idiotype 
located on immuno-recognition molecules for M. leprae antigens on lymphocyte 
membranes. Together with certain HLA-self-antigens such Id-anti-Id responses 
would determine the susceptibility to leprosy. 

Introduction and hypothesis 

Patients with tuberculoid leprosy develop granulomatous hypersensitivity, while 
in the lepromatous form of the disease cell-mediated immunity to Mycobacterium 
leprae, though not to other organisms, is deficient .  I This probably allows the 
bacterium to replicate in macrophages and to disseminate, in spite of an elevated 
humoral immune response. It is not clear to what extent this defect is primary or 
secondary; most polar lepromatous patients present with evidence of having 
'downgraded' from the borderline or tuberculoid end of the spectrum, whereas 
others present with evidence of having developed lepromatous disease a priori. In 
addition, whereas treatment of borderline patients might result in 'upgrading' 
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reactions,2 in which specific immunological parameters appear to increase, polar 
lepromatous patients retain complete anergy towards M. leprae in spite of 
effective chemotherapy. Several mechanisms of immuno-suppression arising 
during infections have been suggested . 3, 4 Recently, it has been found that 
auto-anti-idiotypic (Id) antibodies induced during the immune response to 
various antigens ,  and in some infections, may temporarily or permanently 
suppress specific humoral or cellular immunity. 5-7 

Our hypothesis is that during infection with M. leprae, an anti-Id response 
against an idiotype predominant in determining immunity to M. leprae is 
induced. This anti-Id immune response may be responsible, at least in part, for 
the anergic lepromatous form of the disease . 

Experiment and clinical data 

Idiotypes are self-antigenic epitopes located on lymphocyte receptors and 
antibody molecules . 8 The combination of an anti-Id antibody with an idiotypic 
receptor stimulates the Id-bearing lymphocyte . This is equivalent to, but 
independent of the stimulation that results from the combination of the nominal 
antigen with the specific recognition site located on the same cell receptor. Hence 
anti-Id antibody may by itself induce or prime for an immune response in a 
positive or negative way, to an associated nominal antigen, and vice versa . 9, 1 0 
According to the network theory proposed by Jerne,"  antigen, by expanding the 
specific clone, also augments the associated idiotype. The latter then as antigen 
induces a feedback anti-Id response in the form of anti-Id antibodies and anti-Id 
receptor-bearing cells which regulates immunity to nominal antigen by stimulat
ing Id-bearing helper and suppressor T cells .  A given idiotype specificity may be 
shared by a set of immunoglobulin molecules and B and T cells ,  thus linking 
different cell components in their response to nominal antigen . 8  Inheritable 
predominant Id specificities can occur on the majority of antibodies against 
particular antigens, such as the Id-T I5  in Balb/c mice immunized with 
phosphorylcholine or with pneumococcal polysaccharide which has the same 
antigenic determinant and the Id-A5A in A/J mice immunized with a streptococ
cal A antigen. It has been suggested that predominant Id-restricted responses 
depend on the functioning of two types of helper cells-one restricted by the 

major histocompatibility gene complex (MHC) (ie, by Ia molecules expressed on 
the surface of antigen-presenting macrophage-like cells), the other restricted by 
the Id genes which code for the variable region of the heavy chains of 
immunoglobulin molecules and possibly also for T cell receptors . 1 2, 1 3  In  this way 
the Id-genes would function in concert with MHC genes to determine and direct 
the immune response to a particular antigen. Interactions between genes 
determining Gm allotype and HLA locus antigens have been demonstrated for 
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antibody responses to a Salmonella fiagellin antigen, 1 4 and in the rat there is 
evidence of linkage between idiotypes and heavy chain allotypes . 1 5 

It has been shown that anti-Id-T 1 5  antibodies, which are otherwise stimula
tory, when injected into neonatal Balblc mice suppress chronically and possibly 
for life the appearance of T and B cell functions related to this idiotype. 1 6 In adult 
All mice, combined treatment with anti-Id-A5A antibodies and streptococcal 
antigen produces chronic suppression of most of the anti-streptococcus antibody 
response . 8 Feedback suppression by anti-Id antibodies of autoantibodies against 
acetylcholine receptors in myasthenia gravis 1 7 and of antibodies to DNA in 
systemic lupus erythematosus patientsl 8 has also been inferred . Furthermore, 
transient anti-Id antibodies reacting with anti-tetanus toxoid immunoglobulins 
have been found in individuals receiving booster inoculations. 5 These anti-Id 
antibodies inhibit the in vitro production of anti-toxoid antibodies by B 
lymphocytes .  

Auto-anti-Id antibodies have also been shown to  react with the receptors 
expressed on T cells involved in delayed type hypersensitivity responses .  Both T 
effector cells and T suppressor cells, which regulate contact sensitivity, may be 
blocked by anti-Id antibodies . 1 9 Auto-anti-Id antibodies are also induced in the 
course of M. bovis (BCG) infection in mice . 6 Their presence in the serum is 
responsible for the inhibition of passive transfer of delayed type hypersensitivity 
to PPD of tuberculin in heavily BCG-infected animals and for the specific anergy 
they display . In another study, immune serum from mice infected with Nocardia 
brasiliensis, probably containing anti-idiotypic antibodies, promoted infection 
with this organism in mice . 20 

Relevance of anti-Id response to leprosy 

In lepromatous leprosy one defect in cellular immunity apparently lies in specific 
helper T cells and their ability to produce interleukin-2 .2 1 Although some authors 
have been able to demonstrate suppressor factors in lepromatous leprosy 
associated both with macrophages 22, 23 and with T-cells,24 others have been unable 
to demonstrate the presence of antigen-specific suppressor T -cells .  25 It is possible 
that in the extreme (polar) form of lepromatous leprosy in which the immunodefi
ciency is not drug reversible, the function of both subsets of specific T cells is 
abolished or their development is prevented by anti-Id antibodies in the same way 
as anti-Id-T 1 5  produces its effects in neonatal mice. 1 6 Alternatively, the 
suppression of helper cells for cell-mediated immunity may be perpetuated by a 
long-lived, Id-restricted suppressor cell population similar to that in the All 
mice,8 which may have remained undetected in leprosy studies as has been 
suggested previously. 26 This type of suppressor cell bearing either the Id or the 
anti-Id receptor, may be distinct from the HLA (MHC) restricted cells described 
elsewhere . 24 Inheritance of the appropriate H LA genes and of the genes 
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responsible for the putative predominant Id associated with immunity to M. 
leprae, perhaps combined with exposure to anti-Id antibody from immune or 
infected mothers during embryonic life, may lead to a chronic specific defect of 
immunity . In mice it has been shown that mothers suppressed for the expression 
of Id-T I S confer the unresponsiveness to their offspring via anti-Id antibodies. 1 6 

In later life, auto-anti-Id antibodies may be induced and boosted by prolonged 
exposure to M. leprae antigens .  The Id-bearing anti-M. leprae antibodies, alone 
or complexed to antigen, would be especially effective in restimulating both 
anti-Id antibodies and anti-Id receptor bearing suppressor cells . 21, 28 

In lepromatous leprosy humoral immunity may be also suppressed initially if 
associated with a predominant (inherited germline) idiotype. However the 
suppression of the latter may be bypassed by recruitment of alternative, 
individual Id-specificities which are also associated with anti-M. leprae anti
bodies, as has been shown in mice in relation to other antigens .  1 6, 28 This would not 
be expected with cellular immunity which appears to be more restricted in 
idiotype than humoral.  1 0, 28 

An important relevant finding from family studies in man is that idiotypes 
shared between rheumatoid factors in different individuals are inherited indepen
dently of HLA genes.29 Such non-HLA linked inheritance of the presumptive M. 
leprae associated predominant Id may explain the lack of correlation between and 
incidence of lepromatous leprosy and HLA product frequencies . 3O-32 In Indian 
familial studies, a correlation with HLA-DR2 containing haplotypes has been 
found in siblings suffering from tuberculoid leprosy, but only in families where 
the parents were healthy,30 whereas in a study carried out in South America 
HLA-DR3 appeared to be associated with the immunological response to 
infection with leprosy. 32 Where similar studies were carried out on affected 
children of affected parents, no significant associations with HLA tissue 
haplotypes were found. In such families, the children may have passively acquired 
maternal anti-Id antibodies or have been exposed to M. leprae antigens and thus 
produced auto-anti-Id antibodies .  In either case, the anti-Id antibodies may have 
induced transient suppression, allowing the infection to establish itself. Such 
anti-Id responses, whether or not of predominant type, might well swamp 
susceptibility effects due to HLA type. In experiments on congenic mouse strains 
it has been shown that the Balb non-H-2 (MHC) background in combination 
with H-2k haplotype genes, ie in Balb/K mice, favours dissemination of M. 
leprae murium infection. 33 A possible predominant Id which would be coded by 
VH genes of the immunoglobulin (Ig 1 )  region on chromosome 1 2, may be 
encompassed in the genetic non-MHC background. The influence of Id genes 
would thus be distinct from that of the susceptibility genes to various intracellular 
parasites, which are known to be present on chromosome 1 and which are 
non-specific .33  These latter genes probably determine the activation and bacteri
cidal capacity of macro phages in the early, innate resistance phase of infection. In 
the acquired, immunological phase of resistance or susceptibility, macrophages 
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are recruited and activated further, in concert with the early mechanisms, by 

lymphokines from stimulated T lymphocytes, which are in turn regulated 
by genes of the MHC (on chromosome 1 7  in the mouse), and possibly also by 
Id-genes. 

This general explanation is in harmony with the accepted view that multiple 
genetic factors control susceptibility to leprosy. 34 

Immunosuppression by an anti-Id response or by maternally transmitted 
anti-Id antibody, especially in early life ,  which has been suggested as one 
mechanism of immunological tolerance,35 may thus also be important for the 
development of lepromatous leprosy. Compatible with this view is the finding 
that some persons free of the clinical disease but having contact with it develop a 
specific humoral response to M. leprae, but unlike other contacts, do not develop 
a delayed hypersensitivity skin reaction to lepromin. 1 , 36 Exposure to a particular 
environmental antigen may play a critical role in the development and expression 
of a predominant Id. 1 3  Thus, a given infection may develop owing to a secondary 
immune response generating presumptive long-lived Id-restricted antigen-speci
fic suppressor memory cells .  Perhaps more often, a protective primary or an 
anamnestic response of helper memory cells, also associated with a predominant 
Id, may occur and the infection may pass subclinically . It has been suggested that 
among transplacentally transmitted protective anti-malaria antibodies there may 
be anti-Id antibodies which prevent infants in endemic areas from mounting 
immunity to malaria during natural exposure. 37 Suppressive priming for leprosy 
by anti-Id antibodies may not be as readily apparent owing to the long incubation 
period, low infectivity and unequal exposure to M. leprae. Nevertheless, foetal 
exposure to maternal anti-M. leprae antibodies and mycobacterial antigens has 
been demonstrated . 38 Similar considerations may apply to other infections in 
which cellular immunity appears deficient, such as disseminated cutaneous and 
visceral (kala azar) leishmaniasis, chronic mucocutaneous candidiasis, fulminat
ing tuberculosis and hepatic and extrahepatic infection with hepatitis B virus.  I ,  39 

Such antigen driven specific tolerizing conditions are distinct from primary 
immunodeficiencies due to inborn defects in the development of an entire 
lymphocyte set or subsets .  
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