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Introduction 
More than to years ago we decided to start a search for HLA-linked factors controll ing the 
course of M. leprae infections ( 1 ) .  We choose an infectious disease because - in contrast to 
the diseases known to be associated with HLA at that time - there the etiological agent is 
known.  We choose leprosy because of its remarkable spectrum of cl inical symptoms paralel l 
ing the cell-mediated immune reactivity of the host  to the bacil lus (2) . This choice appeared 
to be an extremely lucky one for two reasons .  The first is that HLA molecules were shown to 
regulate antigen presentation to T cells (3 ) , which apart from being important in leprosy ap
peared to be easy to clone in vitro (4) . The second reason is that recently a remarkable pro
gress has been made in the characterisation and synthesis of M. /eprae antigens (5 , 6) . Thus 
we and others are now in a rather privi l iged position to be able to study in detail the role of 
HLA products in the presentation of well defined medically relevant antigens . Such studies 
may contribute to the defin ition of both mechanisms and potential epitopes involved in pro
tective immunity , immunopathology and suppression following an infection with M. /eprae. 

In this paper we wil l  review our recent studies and present new data on restriction and 
antigen specific ity of M. /eprae reactive helper and suppressor clones . 

M. LEPRAE REACTIVE HELPER T CELL (TH) CLONES 
M. leprae reactive helper T (Th) cells are probably responsible both for acquired protective 
immunity to the baci l lus and delayed type hypersensitivity which may result in immuno
pathology (2, 7 ) :  In order to obtain detailed information on the M. leprae epitopes recog
nized by T H cells and the HLA restriction determinants involved we decided to clone M. lep
rae reactive T H from the peripheral blood of leprosy pa�ients . 

One of the major technical obstacles in cloning T lymphocytes i s  the l imited availabil ity 
of autologous or HLA identical peripheral blood mononuclear cell s ,  which are needed for 
restimulating establ ished clones .  This holds true especially for patients . Recently it was 
shown that Epstein-Barr virus transformed human B cell l ines (EBV-BLCL) can process and 
present soluble antigens to T cells (8) . We have shown that this i s  also the case for M. leprae 
antigens (9) . Such EBV-BLCL constitute an endless ,  continuous and homogeneous source of 
antigen presenting cells (APC ' s ) ,  which not only made T cell cloning much more feasible but 
also enabled us to study in detail the HLA molecules and epitopes that are used to present M. 
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leprae antigens . The method we used to generate M. leprae reactive T H clones has been 
described previously ( 1 0) .  In brief, we isolated peripheral blood mononuclear cel ls  
(PBMNC' s ) ,  generated EBV-BLCL and restimulated the PBMNC with Dhamendra lepro
min . T cell blasts were then cloned by l imiting di lution on a feeder cell mixture consisting of 
irradiated autologous EBV-BLCL and PBMNC from random donors together with Dhar
mendra lepromin .  

The M. leprae reactive clones thus obtained were of  the T3+T4+T8- phenotype and 
strongly HLA-DR positive . Upon addition of Dharmendra- or armadil lo-derived lepromin 
and autologous APC ' s  they strongly proliferated (measured as incorporation of radiolabeled 
thymidine) and produced-y-interferon (IFN-y) . Based upon their membrane markers , IFN-y 
production , class II restricted proliferative responses to M. leprae antigens and the inability 
to suppress other M. leprae reactive T cells (vide infra) these T cell clones were defined as 
T H cel l s .  

None of the M. leprae reactive T H clones reacted with unrelated antigens such as tetanus 
toxoid and candida .  To assess whether these clones might recognize M. leprae specific deter
minants , 20 different mycobacterial preparations were presented to them (4) . Four patterns 
of reactivity were observed: 1 )  M. leprae specific (roughly 25 % of the clones) , 2) cross
reacting with one or two other mycobacteria ,  mainly M. vaccae and M. lepraemurium (an
other 25 %) 3)  reactive with the majority of but not all mycobacteria tested (5- 1 0  % ) ,  and 4) 
reactive with al l  mycobacterial preparations tested , sometimes with the exception of M. non
chromogenicum (nearly half the number of clones tested) . Thus roughly 50 % of the TH 
clones was absolutely or almost M. leprae specific . 

In Table J we have summarized the results of 1 4  TH clones which were studied for reac
tivity against 3 of the 5 M. leprae proteins known to contain M. leprae specific epitopes seen 
by murine monoclonal antibodies (5 ) .  

Table I .  Helper T cell clones from patients are reactive with the known M.  leprae 
proteins 

Reactive with 65K and/or 36K:  n = I I  

Reactive with only 1 2K:  n = 

Not reactive with 65K ,  36K , or 1 2K :  n = 2 

It is clear that the majority of the clones recogn ize one or more of the proteins tested , and 
from results to be described below we infer that maybe all M. leprae reactive T H clones 
might turn out to be reactive with one or more of the 5 known M. leprae proteins . Of course 
this does not imply that these T H cells recognize the same epitopes as the mouse immunoglo
bulins . In fact we have evidence for the opposite: THcell responses cannot be blocked by the 
relevant monoclonal antibodies . 

One of the major breakthroughs research has been the cloning and expression of M. le
prae DNA fol lowed by screening with the above mentioned monoclonal antibodies recogniz
ing M. leprae specific epitopes (6) . Thus basically unlimited quantities of well-defined M. 
leprae proteins and peptides wil l  become available in  the near future . Some of our T H clones , 

obtained from patients were tested against E. coli lysates containing recombinant M. leprae 
proteins or at least peptides reactive with monoclonal antibodies against respectively 65K ,  



• 

20%  

• 

• 

1 0 %  • 

I 
• • I 0% 

65K 36K 2 8K 1 8K 1 2K 

PAT I EN T S  

HLA class II restricted T-cell clones 1 1 5 

2 0 %  • 

• 

1 0% • • 

• • • • 
• 

• • 
I .  . e  • 

• • • 0% • 

65K 3 6 K  2 8K 1 8K 1 2K 

HEALTHY CONTAC T S  

Figure 1 :  T cell reactivity with recombinant M. leprae proteins . 

Expressed as percentage of � counts/min . to Dharmendra lepromin .  3 Tii cell l ines from tu
berculoid patients and 5 T Ii cell lines from healthy contacts were tested with the E. coli Iy
sates containing resp . 65K,  36K, 28K,  1 8K and 1 2K proteins (ref. 6) . 

36K, 28K,  1 8K and 1 2K M. leprae proteins . The first results were disappointing because 
few clones reacted,  but on the other hand interesting because the positive reactions were only 
with the 65K containing lysate . We thought this might be of potential interest because Mus
tafa et al . us ing the same preparations had shown that T liclones generated from healthy vac
cinated subjects only reacted with the 1 8K containing lysate ( I I ) .  This  observation suggested 
that M. leprae reactive T Ii cells from patients might recognize other epitopes than those from 
healthy contacts or successful ly vaccinated subjects . In other words :  this might provide a 
clue to the definit ion of epitopes providing protective immunity . In order to approach this 
question we decided to study bulk Til cell l ines from several individuals rather than TH clones 
from one or at most a few individual s .  The first results from T H cell l ines obtained from 3 dif
ferent (tuberculoid) leprosy patients and 5 healthy contacts are shown in Fig . I .  Although 
clearly more data would be neccessary , these data already suggest several interesting con
clusions . In the first place they do not give further support to the idea the 1 8K protein would 
contain epitopes of particular importance for protective immunity . Secondly , the 64K recom
binant protein containing lysate seems to be the best in vitro stimulator of (activated) Til 
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Figure 2 :  M. leprae antigens are presented to helper T cells by DR molecules. 

Inhibition of M. leprae induced response in the presence of a,utologous APC . Results from a 
representative T H clone restricted by the DR4/Dw 1 3  haplotype are shown . The results are ex
pressed as percentage inh ibiton of the T H response in the absence of monoclonal antibody 
(MoAb) . Standard deviations did not exceed 1 0% .  

cel l s .  Whether this also implies that the 65K i s  the most immunogenic protein or contains the 
most important T H epitopes i s  too early to conclude given the lack of characterisation of at 
least some of the other recombinant proteins as well as other (possibly suppressive) compo
nents of the Iysates ( see other contributions in this  i ssue) . Final ly ,  Til lines from patients tend 
to proliferate more consi stently to the 65K lysate than similar l ines from healthy contacts .  
This  might suggest that patients do recognize different determinants compared with healthy 
contacts . 

HLA class 11 molecules are neccessary for and regulate the presentation of antigens to TH 
cells ( 1 2) .  The polymorphism of these HLA class II molecules may thus result in genetically 
controlled differences in T cell dependent immune responses . This might also be the case in 
leprosy: HLA class I I  l inked genes are known to control the type of leprosy which develops 
upon infection (rather than the susceptibil ity to leprosy per se) as well as the in vivo cell me
diated immune reactiv ity against M. leprae and related mycobacteria ( 1 3 , 1 4) .  S ince Tllcel ls 
are of main importance in determining the cellular immune reactivity to M. ieprae, the poly
morphism of HLA class II gene products might thus be responsible for d ifferences in pre
sentation of M. leprae antigens to T H cel ls and thus control leprosy type . 



HLA class II restricted T-cell clones 1 1 7 

In order to study which HLA molecules and epitopes are important in the presentation of 
M. leprae antigens to T H cel l s ,  we have performed extensive panel and inhibition studies 
with ful ly  HLA class II typed al logeneic antigen presenting cells and well defined HLA class 
II specific monoclonal antibodies (manuscript submitted for publication ) .  The results of the 
blocking studies show in the first place that by far the majority (34 out of 36 T H clones ) of 
restriction determinants (RD ' s) for M. /eprae reactive T H clones are situated on DR (and not 
DP or DQ) molecules (jig.  2 ) .  These data obtained for clones from three leprosy patients we
re confirmed in studies with plyclonal Til l ines obtained from 22 patients . Thus HLA-DR 
molecules seem to play a major role in the presentation of M. /eprae antigens to Til cel l s .  
S ince the expression of  DR molecules usual ly is much stronger than that of  DP and DQ mo
lecules , th i s  observation suggests that the capacity to present M. /eprae (and probably other 
antigens) corre lates with the quantitative express ion of the different HLA class II molecules . 
This rule was confirmed , when we studied in more detai l  the restriction molecules on DR4 
positive cel l s ,  which express two types of DR molecules cal led CX� I  and CX�3 . The CX� I  mole
cules carry the DR4 and Dw spec ific ities and the CX�3 molecules a supertypic determinant 
(DRw53) recognized by a monoclonal antibody . As shown in fig .  2 blocking studies mapped 
the RD' s  only on the CX� I  (DRw53 negative ) molecules ,  which are known to be highest in ex
pression . 

In order to study the fine specificity of the RD' s  for M. /eprae antigens we performed lar
ge panel studies using se lected al logeneic ful ly HLA class II typed APC ' s  to present M. lep
rae antigens . A remarkable heterogeneity of the capacity to present M. /eprae antigens was 
observed . For instance six different M. /eprae reactive Til clones restricted via epitopes on 
the DR4-Dw 13 containing DRcx� 1 molecule showed 5 different patterns of responsiveness to 
the al logeneic APC ' s  and M. /eprae. Two patterns corre lated with the DR4 and Dw 1 3  al
lospecificity , whereas the other three apparently correlated with different Dw 1 3  rel ated epi
topes . Because recently several DR�I  al leles of the specificities studies by us have been se
quenced,  we were in a unique position to analyse the re lation between structure and function 
of HLA class I I  molecules . The DRcx� 1 chains of Dw4 , 1 3  and 14 positive individuals seem 
to differ for only 1 -3 different nucleotides ,  which are l ikely to be situated on the outer face of 
the first domain of the DR� I molecule . Thus , l ike al lo-reactive Til clones ( 1 5 ) our M. leprae 
reactive T H clones can distinguish between I t i l l  3 amino acids difference between DRcx� 1  
molecules . Moreover, they can apparently distinguish between the combination of  a s  far as 
we know identical DRcx� 1 molecules and probably different M. /eprae prote ins or peptides .  
This leads to  two important conclusions , a t  least one  of  which has practical impl ications .  The 
first is that differences in processing of M. /eprae (whatever that means)  may contribute to 
the resulting T H repertoire . The second is that at least the DR4-Dw 1 3  positive HLA DR� I 
molecule contains a large number of potential restriction determinants , and that most proba
bly conformational changes of class II molecules contribute to the expression of them .  

Final l y ,  we  have obtained pre l iminary evidence that al lel ic differences between DR mo
lecules are correlated with differences in antigen specificity of DR-restricted Til clones :  
DR3-restricted TH clones from one tuberculoid leprosy patient recognized significantly more 
often than DR2-restricted T H clones M. /eprae specific determinants . Note that DR3 is as
sociated with tuberculoid leprosy in the population from which this patient originates .  Of 
course such data wi l l  have to be confirmed in larger material and in different individuals . 
They may serve however as an example to show how the study of HLA class II lr genes and 
their possible expression as restriction elements for antigen presentation to T H ce l l s  may 
contribute to define potential epitopes involved in protective immunity and immunopatholo
gy fol lowing infection with M. /eprae .  
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M. LEPRAE REACTIVE SUPPRESSOR T CELL (Ts) CLONES 
Whereas several important mysteries in cellular immunology , l ike the T cell receptor, have 
been solved during recent years , thi s  does not seem to be the case for suppressor T cel l s .  
Therefore several immunologists assume that they do not exist in  order to  keep their schemes

' 

s imple . We also l ike s imple schemes , but we have recently cloned T cells from a borderline 
lepromatous leprosy patient which specifically suppress but do not kill autolbgous T H cel ls 
reactive with mycobacteria ( 1 6) .  This leaves us with two possibil ities : either we have to 
show that we are dealing with an in vitro artefact or we have to show that such cel l s  are im
portant and - complicated or not - how they have to be fitted into at least the immunology of 
leprosy . At thi s  stage we st i l l  favor the latter possibi l ity . 

Several investigators have implicated Tscells in the pathogenesis of the M. leprae specif
ic T cell unresponsiveness observed in lepromatous leprosy patients .  However, studies on 
this subject have been notoriously difficult to interpret for at least two reasons : in the first 
place the assays used to measure suppression were antigen non-specific or at least indirect 
and secondly heterogeneous cell population were used . Two recent reports ( 1 6 , 1 8 ) may ha
ve the solution for both problems . 

We have used the following approach: we observed that in contrast to T cell l ines from 
tuberculoid leprosy patients activated by M. leprae and propagated in IL-2 , s imilar l ines of 
(borderl ine) lepromatous leprosy consistantly failed to show a proliferative response against 
M. leprae antigens presented by autologous or al logeneic HLA class II matched APC .  This  
lack of proliferation by thus cultured T ce l l s  was even observed when the PBMNC of such 
borderline lepromatous patients did proliferate to M. leprae. We selected one such a border
l ine patient arguing that this might enable us to study both T H and possible Tsresponses to
wards M. leprae. To our intense pleasure it appeared that the M. leprae non-responsive T 
cell l ine specifically suppressed the M. leprae response of autologous PBMNC ' s .  Cloned T 
cells derived from thi s  T cell l ine did not proliferate with M. leprae in the presence of APC . 
but did suppress the response to M. leprae . and other mycobacteria but not unrelated anti
gens .  We could also generate T H clones from the same patient ,  some of which were also 
suppressed by the Ts clones . All T s clones were T3 and most were positive for a T cell recep
tor framework determinant defined by monoclonal antibody WT3 1 .  

At present we do not know the mechanism of the specific suppression we observed . We 
do know that the Ts clones are radiation sensitive . Trivial explanations like IL-2 consump
tion are ruled out by the antigen specificity , which i s  even observed when PBMNC are stimu
lated simultaneously with M. leprae and unrelated antigen . Also in such experiments only 
the M. leprae response is suppressed , indicating specificity at least in the effector phase . As 
shown in fig .  3 ,  we have also excluded cytotoxicity of either APC or responding T cel l s .  

An important question i s  whether the Tsare activated by M. leprae antigens or  by idioty
pes of T H cells . If special ised epitopes (so-called suppressor epitopes) would be responsible 
for activating Ts cells and not TH cel l s ,  su itable skin test and vaccine preparations might be 
developed which would contain only helper and no suppressor epitopes ( 1 8 ) .  On the other 
hand , if the suppression would be anti-idiotypic such a simple approach wi l l  probably not be 
useful ( 1 9) .  Thus far we have not obtained evidence for activation of Ts clones by (idiotypes 
of) T H clones .  On the other hand we did obtain evidence that the Ts clones are activated by 
M. leprae antigens presented by APC in an HLA class II restricted fashion . This activ�tion 
is blocked by anti-T3 antibodies and (in most cases) by the anti-T cell receptor antibody 
WT3 1 .  

So ,  if the Ts clones described by us are relevant for the in vitro obserbed M. leprae spe
cific suppression , we may now start to look for suppressor determinants on M. /eprae anti
gens .  The easiest s ituation would be that suppression is induced by non-protein determi-
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nants , l ike the suppression described for M. leprae specific phenol ic glycolipid (20) . In con
trast ,  we did obtain prel iminary evidence that suppressor determinants are present on M. /ep
rae proteins , e . g .  the 36K prote in .  Studies are now in progress which wil l  answer the ques
tion whether helper and suppressor determinants on one M. leprae molecule may be disso
ciated or not . 

As mentioned before , we obtained evidence that activation of Ts clones is restricted by 
determinants on HLA class II molecules . Mixing experiments of allogeneic TH and Tsclones 
yielded the same conclusion and moreover suggested that additional constraints apart from 
HLA class II restriction determinants are placed on suppression to occur. I hear A vrian 
Mitchison ask now: are your suppressor cells restricted by DQ? My tentative answer to this 
question i s  that at least some seem to be restricted by DR rather than DQ . 

Of course most of the studies presented in this paper are far from final and a lot of work 
still needs to be done . We are sure that the clever study of M. leprae reactive T H and Ts 
clones and l ines from both patients and healthy contacts may offer important contributions to 
the search for mechanisms responsible for and epitopes involved in protective immunity , im
munopathology and suppression during the course of an infection with M. leprae. We realise 
that for most of these studies the HLA restriction and the existence of Ir (and Is?) genes i s  on
ly a nuisance . However , the study of HLA class II Ir and Is genes in  this increasingly well 
defined system may - apart from being fun for a few immunogeneticists - also offer leads in 
the search aimed at better treatment and prevention of leprosy . 
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