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Summary The effect of Mycobacterium /eprae was studied on mitogen, PHA and 
ant igen, PPO-induced leucocyte migrat ion inhibit ion in 44 leprosy patients and 1 3  
healthy controls using the leucocyte migrat ion inh ibi tion test .  While M. /eprae 
decreased the PHA-generated inhibit ion of migrat ion of leucocytes in tuberculoid 
patients and healthy i ndividuals , i t  enhanced the inh ibi tory effect on the leucocyte 
migration in lepromatous patients . However, a un i form decrease by M. /eprae was 
observed on PPO-induced leucocyte migrat ion inhibi t ion in both groups of 
leprosy pat ients and healthy controls . 

The nature of resistance in tuberculoid (TT) leprosy and lack of it in lepromatous 
leprosy (LL) remains unknown. Baci l lary load in the former is absent or minimal 
while in the latter it is high . The anergy obtained in  LL may be attributed to this. 
The effect of Mycobacterium leprae on the blastogenic responses of peripheral 
blood mononuclear cells of leprosy patients induced by mitogens, Phytohae
magglutinin (PHA) and Concanavalin-A (Con-A) and a cross-reacting antigen, 
purified protein derivative (PPD) of tubercul in has been reported by some 
investigators. I •7, 1 3 Suppression or enhancement of the blastogenic responses not 
only varied with the type of leprosy but also was dependent on the M. leprae 
preparation, whole or sonicated . Two studies,5,7 came to opposite conclusions 
using Dharmendra antigen and whole autoclaved M. leprae respectively on the 
inducibility of M. leprae specific suppression in leprosy polar groups. We report 
here observations on the effect of M. leprae on PH A- and PPD-induced release of 
lymphokine effecting leucocyte migration in the leucocyte migration inhibition 
test (LMIT) .  
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Materials and methods 

TES T S U B J E C TS 

Forty-four leprosy patients, 1 8  LL and 26 TT attending out-patient departments 
of Gandhi Hospita l ,  Sivananda Rehabi l itation Home and Dhoolpet Leprosy 
Research Centre, al l  in  Hyderabad City, South I ndia,  were included in the study . 
The lepromatous group here, includes 1 5  polar lepromatous type (LL) and 3 
borderline lepromatous (BL) patients and the tuberculoid group includes 1 0  
polar tuberculoid (TT) and 1 6  borderl ine tuberculoid (BT) patients .  All  o f  them 
were untreated . They were c lassified on the Ridley-Jopling scale .  I I  The control 
group comprised of 1 3  healthy contacts who have been working in the field of 
leprosy for 3 to 5 years . 

MITOGEN AND ANTIGE N 

Phytohaemagglutinin-P (PH A) was a Difco product and purified protein 
derivative (PPD) of tubercul in (M ammalian) was obtained from Staten Serum 
I nsti tut ,  Copenhagen . I Ill/ml of PHA and 25  Ilg/ml of PPD were found to be 
optimal in our LM IT system (data not shown), and were used as optimal dose in 
this study. Armadi l lo-derived whole M. leprae, Batch N o .  AB 5 1 ,  supplied by 
National I nst itute of M edical Research, London, was used at  a concentration of 
2 · 5  x 1 07 baci l l i/ml which was shown as optimal dose in LM I T  in an earlier study 
from our laboratory .4  

LE U COCYTE MIGRATION IN H I B I TION TES T 

The original  method 1 2  was used with some modifications.  Briefly to 1 5  ml of acid 
citrate dextrose (ACD) anti-coagulated blood, 7 · 5  ml of 3% gelatin (Sigma 
Chemical Co., USA) in saline was added in a culture tube. After thorough mixing, 
i t  was incubated for 45 min at a slanting position at 37°C to sediment erythrocytes 
and leucocyte-rich plasma was aspi rated . After centrifugation, pel leted leuco
cytes were washed with M inimum Essential M edium ( M EM),  Bios, Bombay and 
finally resuspended in M EM to give a concentration of 30 x 1 06 cells/mt . Viabil i ty 
was checked with 0 · 2% Trypan Blue .  The cel l  suspension was loaded into 
capi l laries (Arthur Thomas Co. ,  USA), sealed with model l ing clay at one end and 
centrifuged at 1 000 rpm for 5 min. The capil laries were then cut at the 
cells-medium interface and were kept in  polystyrene chambers ( Laxbro, Pune) . 
Immediately, chambers were fil led with M E M  containing 20% foetal calf serum 
(FCS), M icrolab, Bombay with or without antigen or mitogen and then sealed 
with cover-sl ips and incubated at 37°C for 1 8  h. Each test was run in  triplicate. 
The areas of migration were measured with a planimeter. The migratory index 
( M I )  was calculated as fol lows:  
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Average area of  migration with ant igen or mitogen 
M I  = 

Average area of migration with medium alone 
. 

M igratory I nhibit ion = 1 - M I  

Effect o f  M. leprae on PHA- and PPD-induced effect on leucocyte migrat ion was 
observed with addit ion of M. /eprae s imultaneously with PHA or PPD by noting 
the percentage change in average area of  migration with the fol lowing formula .  

% M. /eprae effect on PHA or PPD: 

1 00 
_ (% M igratory inhibi t ion of  M. /eprae + PHA or PPD) x 1 00 (% M igratory inhibit ion)+(% Migratory inhibit ion) . 

of M. /eprae alone) of PHA or PPD alone 

The increased/decreased area of migration o f leucocytes in M. /eprae- PHA or 
PPD combination tests, compared to the area of  migration in  PHA or PPD alone 
tests,  were shown as M. /eprae induced inhibit ion ( - ) enhancement ( + ) response 
to PHA or PPD respectively .  

Two sampled Students ' 1 '  test  and Median test  were used for statist ical 
analysis . 2  

Results 

No significant differences were observed in the mean Migratory Index (M I )  
values of  PH A and PPD among the 2 leprosy patient groups and healthy control 
group.  The mean M I  value of  M. leprae of the LL group (0·97) showed a 
highly-significant difference ( P  < 0·00 I )  when compared to that of  the TT patient 
group (0'8 1 )  and heal thy control group (0,8 5) (Table 1 and Table 2). There was no 
correlation between the responses of  M. /eprae and PPD in all the 3 groups of 
subjects studied (lepromatous group r = 0·0 1 02; tubercu loid group r = 0· 1 560; 

healthy control group r = O' 3826). 

EFFE CT OF M. LEPRAE ON P H A  

Table I and Figure I give the detai ls  of statist ics and pattern of  effect of  M. leprae 
on PHA responses respectively .  Thirteen out  of 1 8  LL group patients showed 
enhanced PHA responses on addit ion of  M. /eprae whereas 5 showed inhibit ion,  
with an overal l  median percent of  enhancement of  + 6·0. Out of the 26 TT group 
patients, 1 9  showed inhibitory responses whereas 7 showed enhanced responses 
with an overal l  median percent of  inhibit ion of - 40,0. Eleven out of  1 3  h�al thy 
r;:ontacts showed inhibitory responses and only 2 showed enhanced responses 
with an overa l l  median percent of inhibit ion of - 39·0.  I nhibit ion of PHA 
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Table 1 .  Effect of whole M. leprae on PHA-induced inh ibit ion of 
leucocyte migration in  the comparing groups 

Whole M. leprae 

PHA 

Whole M. leprae + PHA 

Meaian % effect of 
M. leprae on PHA 

Number of subjects 

Migratory i ndex Mean ± SE (median) 

Lepromatous Tuberculoid Healthy control 
group group group 

0'97 ± 0'0 1 O ·S I ± 0 '02'" 0 ' S 5 ± 0'02'" 

(0'99) (O ' S I )  (0' S4) 

0 ' 5 7 ± 0'05 0 · 5 1  ± 0 '03 0 ' 59 ± 0'03 

(0 , 5 5) (0· 52) (0 '62) 

0 '50 ± 0'05 0 ' 5 S ± 0'03 0 '65 ± 0'06 

(0-43) (0, 6 1 )  (0 ,69) 

+ 6·0 - 40 ·0t - 39'0t 

I S  26 1 3  

- ,  I ndicates I nhibi t ion;  + ,  ind icates Enhancement . 
'" I ndicates P < 0·00 I significance by Students ' 1 '  test compared to 

Lepromatous group. 
t I ndicates P < 0·0 I significance by Median test compared to 

lepromatous group.  

Table 2. Effect of whole M. /eprae on PPO-induced inh ibi t ion of 
leucocyte migrat ion in  the comparing groups 

Whole M. leprae 

PPO 

Whole M. /eprae + PPO 

Median % effect of 
M. /eprae on PPO 

Number of subjects 

M igratory index Mean ± SE (median) 

Lepromatous Tuberculoid Healthy control 
group group group 

0·97 ± 0·0 1 O 'S I ± 0 '02'" 0 ' S 5 ± 0'02'" 

(0'99) (O · S I )  (0·S4) 

. 0 · 76 ± 0·06 0 ' 74 ± 0'05 0 ·63 ± 0·06 

(0'6S) (0 '75) (0 ·65) 

0 ' 79 ± 0 '05  0 ' 74 ± 0'05 0 '66 ± 0'05 

(0 '7 1 )  (0 '77) (0 '6S) 

- 25 ' 0  - 4 1 '0  - 43 ·0 

I S  2 1  1 3  

- Indicates Inh ibi t ion .  
'" Indicates P < 0·00 I significance by Students ' 1 '  test compared to 

lepromatous group.  
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Figure l .  Effect of M. /eprae on i ndividual PHA responses i n  lepromatous ( L L) ,  tuberculoid (TT) 
and healthy contact ( HC) groups ( - denotes median) .  

responses in  the TT and healthy contact groups was very significant (P < 0·0 I )  
when compared t o  the L L  group.  

E F FE CT O F  M. LEPRAE O N  P PD RES PONSES 

The effect of M. leprae on PPD responses are given in Table 2 and pattern in 
Figure 2, for the comparing categories respectively . Thirteen out of the 18  LL 
group patients showed inhibitory responses to PPD on addition of M. leprae and 
the remaining showed enhanced responses with an overal l  median percent 
inhibition of - 25 ·0 .  Out of the 2 1  TT group, 1 6  showed inhibitory responses 
whereas 5 showed enhanced responses, with an overall median percent i nhibition 
of - 4 1 ·0 .  Among the healthy contacts, 10 showed inhibitory responses whereas 3 
showed enhanced responses, with an overal l  median percent i nhibition of - 43 '0 .  
There is no significant difference between the 3 groups compared . 
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Figure 2. Effect of M. /eprae on individual PPO responses i n  lepromatous ( LL),  tuberculoid (TT) 
and healthy contact (HC)  groups ( - denotes median) .  

Discussion 

I t  has been reported I that sonicated M. /eprae suppressed PHA-induced 
blastogenic responses of peripheral blood mononuclear cel l s  of a l l  leprosy 
patients and contact individuals .  Under similar condit ions, whole M. /eprae 
showed st imulatory proliferative responses to BT patients but had no effect on 
BL and L L  patients .  Similarly, it has been reported l 3  that the in vitro blastogenic 
response of PHA st imulated peripheral blood mononuclear cel ls  can be 
suppressed by the addition of M. /eprae among LL, TT patients and healthy 
volunteers . No significant suppressive effect was observed with PPD. H owever, 
one study7 has reported uniform suppression with PPD in all leprosy patients .  

Some elegant  studies on the antigen specific suppressive effects of M. /eprae 
uti l ized Con-A as a mitogen and inducer of suppressor cel l s  for blastogenic 
responses of  the peripheral blood mononuclear cells in vitro from leprosy 
patients .  One study5, 6 has reported inhibit ion of blastogenic responses by 
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Dharmendra lepromin in the LL and BL  patients and further showed that 
TH2+ jOKT8 + cel ls  associated with suppressor activity are involved . On the other 
hand, another study? using whole, autoclaved M. leprae showed suppression of 
Con-A induced lymphocyte proliferation in TT patients, whereas there was 
enhancement in LL patients. It was also shown that there is an absence of 
hyperactive clones of s.uppressor cel ls in LL patients . s  

Recent studies, however, have shown that LL  patients have defective 
lymphocytes and that the lack of response is  not due to absence of M. leprae 
react ive T cel ls .  One study3 has shown that addition of In terleukin-2 ( l L-2) to 
peripheral blood mononuclear cells from LL patients makes them respond to 
prol iferative stimulus of M. leprae . Further, another study9 shows that peripheral 
blood mononuclear cel ls  from LL patients are defective in  the production of 
gamma Interferon essential  for activation of macrophages and this defect was 
partia l ly restored by the addition of  purified I L-2 and M. leprae antigen to the 
culture medium and not with I L-2 alone.  

We have measured the effect of M. leprae on a different parameter, the 
migration of leucocytes which is  inhibi ted by a Iymphokine, leucocyte inhibitory 
factor (LI F) released by peripheral blood mononuclear cel l s  when they are 
stimulated with a mitogen or an antigen . PHA, a mi togen, inhibited the migration 
of leucocytes in  normal individuals and leprosy patients to the same extent (Table 
1 ) . M. leprae antigen also slows down the migration of leucocytes in TT patients 
which i s  of the same magnitude as in  normal contacts. H owever, LL patients do 
not give this response. When M. leprae was added along with PHA in  this study, 
the inhibitory response was more than additive in LL patients whereas i t  was 
reduced in TT patients .  The less than addit ive effect in TT patients is as expected 
when 2 simultaneous st imuli  are applied . H owever, the enhanced response in LL 
patients is interesting.  PHA is a potent inducer of I L-2 secretion and  preferen
t ial ly st imulates OKT4 + ,  a helper subset of T lymphocytes. 10 The synergic effect 
observed when PHA and M. leprae are added together, is due to the release of 
I L-2 by PHA which in the presence of M. /eprae brings out the enhanced response 
in LL  cel l s  and which M. /eprae alone cannot elici t .  These results are identical to 
the observations3 which demonstrated prol iferative responses of peripheral blood 
mononuclear cel ls after addit ion of I L-2 along with M. /eprae and indicate that 
M. /eprae reactive T cel ls are present in the LL patients and I L-2 makes them 
respond to M. leprae stimulus .  It would be interesting to observe i f I L-2 replaces 
PHA in its effect on leucocyte migration of LL patients .  
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