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Cellular Immune Responses to Mycobacterial Heat Shock
Proteins in Nepali Leprosy Patients and Controls'

Paul W. Roche, Wim J. Theuvenet, and Warwick J. Britton 2

The clinical manifestations of leprosy are
determined by the host's immune response
to Mycobacterium leprac ranging from tu-
berculoid leprosy, with strong T-lympho-
cyte-mediated responses and few demon-
strable bacilli, to lepromatous leprosy, with
no apparent T-lymphocyte response and
uncontrolled prolifration of M. leprac (").
The majority of individuals infected with

leprae develop strong cellular immunity
to the bacillus and no clinical disease ( 6 ).
However, the nature of the mycobacterial
antigens stimulating these cellular responses
is poorly understood.

Recently, a number of protein antigens of
M. /eprae have been identified including an-
tigens with apparent molecular weight (Mr)
70, 65, 36, 28, and I 8-kDa, whose encoding
genes have been isolated eft 22 ). The 70-kDa
protein is common to M. leprae, M. boris
bacillus Calmette-Guêrin (BCG) and Al. tu-
berculosis ( 2 . 3 ), and is the mycobacterial ho-
molog of the 70-kDa heat-shock protein of
eukaryotes and prokaryotes ( 10). The puri-
fied antigen elicits a proliferative response
and delayed-type hypersensitivity in BCG
vaccinees ( 2 . 14 ) and a serological response
in tuberculosis and leprosy patients ( 2). Sim-
ilar homologs of the 70-kDa heat-shock
protein from a range of intracellular para-
sites stimulate significant host immune re-
sponses ( 2 '). The genes encoding the 65-kDa
protein in M. leprae, AI. tuberculosis and Al.
boris are almost identical (IS) and display a
moderate degree ofhomology with the groEL
gene of Escherichia coli (''). This protein is
immunodominant in the murine B and T
lymphocyte response to mycobacterial
preparations ( 5 ' ' 2 ), and BCG vaccinees re-
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spond to the antigen ( 4 . 14 ). T-cell clones re-
active with the 65-kDa protein have been
isolated from individual leprosy patients ( 7 ),
but the relative role of the 65-kDa and 70-
kDa proteins as antigens across the leprosy
spectrum is undetermined. We have there-
fore examined the cellular immune re-
sponses of leprosy patients with active dis-
ease and control subjects to the 65-kDa and
70-kDa mycobacterial proteins, with a view
to examining the following questions: a) Do
healthy subjects from endemic areas re-
spond to the proteins and, in particular, are
individuals unresponsive to Al. leprae or
BCG primed to respond to the mycobac-
terial 65-kDa or 70-kDa proteins by expo-
sure to other parasitic or bacterial infec-
tions? b) What is the pattern of reactivity
in patients across the leprosy spectrum? and
c) Are there differences in responsiveness to
the two antigens?

MATERIALS AND METHODS
Antigens. Whole AI. lepme bacilli (WM L)

and Al. leprae sonicate (MLS) were kindly
provided by Dr. R. J. W. Rees through the
IMMLEP Program of the World Health Or-
ganization. BCG sonicate was prepared from
freeze-dried Al. boris BCG (CSL, Mel-
bourne) as described ( 3), sterile filtered, and
stored at I mg/ml in phosphate buffered
saline (PBS), pH 7.2, at —20°C. The my-
cobacterial proteins were purified from BCG
sonicate by monoclonal antibody (MAb) af-
finity chromatography using MAb L22 for
p65 ( 4) and MAb L7 for p70 ( 2). The purity
of the preparations was confirmed by SDS-
PAGE electrophoresis and immunoblot-
ting. The mycobacterial p70 preparation
contained a major band of 70 kDa with a
minor band of 32 kDa, both of which re-
acted with L7 but not L22 on immunoblots.
The p65 preparation contained a major band
of 65 kDa and smaller bands of 50-65 kDa,
all of which reacted with L22 but not L7
( 2 . 4 ). The proteins were stored freeze-dried
at —20°C and reconstituted in PBS prior to
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use. Purified protein derivative (PPD) of M.
tuberculosis was supplied by the Serum Sta-
tens Institute, Kamstrup, Denmark, and
concanavalin A by Sigma (Poole, U.K.).

Subjects. The 63 leprosy patients were
diagnosed at Anandaban Leprosy Hospital,
Kathmandu, Nepal, on the basis of clinical
findings and bacteriological skin smears.
There were 12 female and 51 male subjects
with an age range of 12-67 years. Two pa-
tients had tuberculoid disease (TT), 31 bor-
derline tuberculoid (BT), 4 borderline (BB),
10 borderline lepromatous (BL), and 16 lep-
romatous (LL) as defined by the Ridley and
Jopling classification ( 17 ).

At the time of testing, 13 patients were
newly diagnosed and untreated, 7 had com-
pleted therapy 1-6 years previously, and 43
were under treatment. Fifteen ()lam current
treatment group were receiving dapsone
monotherapy and the remainder multidrug
therapy. Six of the patients were tested at
the onset of reaction (4 reversal reaction; 2
erythema nodosum leprosum). Of the 37
patients skin tested with lepromin, 22 were
positive.

Control subjects constituted 17 male
health workers who had worked at Anan-
daban Leprosy Hospital for 1-19 years. The
age range of this group was 20-37 years. All
13 tested with lepromin had a positive skin
reaction.

Lymphocyte proliferative assays. Ve-
nous blood from the subjects was collected
into preservative-free heparin 10 U/ml (Sig-
ma), and peripheral blood mononuclear cells
(PBMC) were separated by centrifugation
over a Ficoll-Hypaque gradient (specific
gravity 1.078). The cells were washed twice
in RPMI 1640 (Sigma) containing 0.01 M
sodium bicarbonate and 25 mM Hepes
buffer and 2 mM L-glutamine plus 50 mg/1
penicillin and 100 mg/1 streptomycin. Cell
suspensions were adjusted to 10" cells per
ml in RPMI containing 10% heat-inacti-
vated human A serum or autologous heat-
inactivated serum. Two-hundred-microli-
ter aliquots were dispensed into the wells of
a fiat-bottom, 96-well microtiter plate (Flow
Laboratories, Irvine, Scotland), and anti-
gens diluted in RPMI were added in trip-
licate. BCG sonicate, M. leprae sonicate
(MLS), p65, and p70 were used at a final
concentration of 10, 3, 1, 0.3, and 0.1 pg/
ml; PPD at 10 and 1 µg/ml; whole M. leprae

(WML) at 10', 10' and 10' bacilli/ml; and
concanavalin A at 10 pg/ml.

Control wells received media alone. The
cultures were incubated for 5 days at 37°C
in 5% CO, in humidified air, and were pulsed
with 3 H-thymidine, 0.5 pCi/well (BARC,
Bombay, India) for a further 16 hr. Incor-
poration of 3 H-thymidine into proliferating
cells was measured in disintegrations per
minute (dpm) by liquid scintillation spec-
troscopy with a Tricarb 1500 counter (Pack-
ard Instrument Co., Downers Grove, Illi-
nois, U.S.A.). The specific dpm value was
obtained by subtracting the mean dpm in
control triplicate wells from the mean of test
wells. The stimulation index (SI) was the
ratio of the mean 3 1-1-thymidine incorpo-
ration in test wells to that in wells without
antigen. A response was considered positive
if the SI was 4.

The differences in means between groups
were tested by Student's t test, and the dif-
ferences in the proportions of positives in
individual groups were compared by the chi-
squared test with Yates' correction. The
correlations between responses to any two
antigens in individual patients were tested
with Spearman Rank correlation coeffi-
cient.

RESULTS
Each of the mycobacterial antigens tested

induced a graded proliferative response in
PBMC from leprosy patients and control
subjects (Figs. 1, 2). The optimal concen-
tration for comparing responses between in-
dividual subjects was 1 pg/ml for BCG son-
icate, p65 and p70, and 10' bacilli/ml for
WML. Subjects were grouped according to
their responses to the crude mycobacterial
antigens (BCG sonicate and WM L) for com-
parison with the responses of the two pu-
rified proteins (Table 1). The majority (63
of 80) of the whole group, including both
leprosy patients and control subjects, re-
sponded to one or more of the crude antigen
preparations; 28 responded to both BCG
sonicate and WML, 27 to BCG sonicate
alone, and 8 to WML alone. Of these re-
sponders to crude antigens, 60 of 63 (95%)
responded to the p65 antigen and 55 of 60
(92%) responded to p70. By contrast, only
one (6%) of the 17 nonresponders to either
BCG sonicate or WML responded to p65
and p70.
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FIG. 1. Mean proliferative responses of groups of
leprosy patients and healthy controls to differing con-
centrations of BCG sonicate (A) and whole ti. leprae
(B). 0 = controls; • = TT/13T patients; ^ = 1313/13L
patients; ■ = LL patients.

The proportion of responders to each an-
tigen in controls and the three categories of
leprosy patients were compared at the op-
timal antigen concentrations (Table 2). All
LL patients and the majority of BB/BL pa-
tients failed to respond to WML (Table 2)
or MLS (data not shown); whereas 39% of
LL and 79% of BB/BL patients responded
to BCG sonicate, p65, and p70. The mag-
nitude of the proliferative responses to crude
antigens (BCG sonicate and WML) and pu-
rified antigens (p65 and p70) was signifi-
cantly diminished in the patients compared
to controls (Table 2). This effect was also
apparent for PPD and MLS (data not
shown). When compared to TT/BT pa-
tients, the mean response of LL patients was
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FIG. 2. Mean proliferative responses of groups of
leprosy patients and healthy controls to differing con-
centrations of p65 (A) and p70 (B). 0 = controls; • =
TT/13T patients; ^ = BB/BL patients; ■ = LL patients.

significantly reduced for WML (p < 0.001),
p65 (p < 0.05), and p70 (p < 0.01). Com-
parison of the mean dose response curves
of patients and controls for the four antigens
showed a similar trend. Lepromatous lep-
rosy patients had significantly reduced but
demonstrable responses to p65 and p70 (Fig.
2) as well as to crude BCG sonicate, while
being anergic to WML (Fig. 1) and MLS.
There was a slight reduction in the re-
sponses to concanavalin A in patients com-
pared with controls. The control subjects
had a mean 3 H-thymidine incorporation of
45,807 dpm (S.E.M. ± 8019) compared with
TT/BT mean 28,602 (± 3618) dpm; BB/BL
mean 18,084 (± 2821) dpm; and LL mean
26,742 (± 3172) dpm.

The effect of other factors on responsive-
ness to p65 and p70 was examined. There
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TABLE 1. Comparison of proliferative re-
sponses to the p65 and p70 protein antigens"
and to BCG sonicate and whole M. leprae
in controls and leprosy patients.

Responders'
to

No. and % responding to

p65 p70'

BCG and
M. leprac 28/28 (100%) 26/27 (96%)

13CG alone
friffwe

only

26/27

6/8

(96%)

(75%)

22/25

7/8

(88%)

(87.5%)
Neither 1/17 (5.8%) 1/16 (6.2%)

Antigen concentrations: BCG sonicate 1 pg/m, whole
M. frifray 10 7/ml, p65 1 pg/ml, p70 1 pg/ml.

'' Responders are defined as having a stimulation in-
dex in response to the antigens of four or greater.

'• Eighty subjects (63 patients, 17 controls) tested with
p65; 76 subjects (63 patients, 13 controls) tested with
p70.

was no difference in the magnitude of re-
sponses between males and females in the
same disease category. Although signifi-
cantly more of the control subjects were
younger than the patients, there were no
differences in the p65 and p70 responses
between younger ( < 40 years) and older pa-
tients of the same disease category. More of
the control subjects (82%) had evidence of
a BCG vaccination scar than patients (23%,
p < 0.05) but, again, there was no difference
in the p65 and p70 responses between those
patients of the same group with and without
apparent vaccination scars. Treated and un-
treated leprosy patients in the same category

had similar levels of responses to each an-
tigen. The six patients tested at the onset of
leprosy reaction displayed no significant dif-
ferences in antigen responses when com-
pared with patients in the same category
who were not in reaction. In the subgroup
of 37 patients lepromin tested, 22 were lep-
romin positive. The proportion of p65 and
p70 responders was 95% and 86%, respec-
tively, in lepromin-positive patients and
53% for both antigens in lepromin-negative
patients. There was no significant difference
in the mean proliferative response to p65
and p70 in lepromin-positive and -negative
subjects.

The responses of individual subjects to
crude mycobacterial antigens and p65 and
p70 were compared. There was strong cor-
relation between the responses to BCG son-
icate and p65 (r = 0.816, p < 0.001) and
to BCG sonicate and p70 (r = 0.744, p <
0.001) both for controls and leprosy patients
(Fig. 3). A similar correlation was observed
between responses to WML and p65 (r =
0.661, p < 0.001) and p70 (r = 0.625, p <
0.001) (Fig. 3). The same pattern was ob-
served for the correlation between PPD and
p65 (r = 0.504, p < 0.001) and p70 (r =
0.463, p < 0.001) and between MLS and
p65 (r = 0.696, p < 0.001) and p70 (r =
0.627, p < 0.001). The proliferative re-
sponses to p65 and p70 were also strongly
correlated in the whole group (r = 0.918, p
< 0.001), and there were no significant dif-
ferences in this correlation in patients in the
different leprosy categories.

TABLE 2. Proliferative responses to mycobacterial antigens of patients and control sub-
jects.

Patient group No. responders and mean response of group' (dpm ± S.E.M.)
(no.) BCG sonicate Whole .11. ((Tray p65 p70

Controls 14 14 11/13
(17) 18,878 ± 3,907 4,677^1,140 19.486 ± 3,602 14,809^3,186

TT/I3T 25 23 30 28
(33) 7,569" ± 1,712 5,199^926 9,504"^1,764 9,244 ± 1,395

1313/13L 10 5 11 11
(14) 5,889 1 ' ± 1,459 1,915±821 7,008" ± 1,162 7,753 ± 2,042

LL 6 0 6 6
(16) 3,095' ±^1,316 171' ± 56 2,634' ± 754 2,497'^740

Responders are defined as having a stimulation index of four or greater, and the mean response is the
difference between triplicate cultures pulsed with antigen and with medium alone (dpm ± S.E.M.). Antigen
concentrations as in Table I.

'' Significant differences in the mean dpm of patient groups compared with control group (p < 0.01).
Significant differences in the mean dpm of patient groups compared with control group (p < 0.001).
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Fla. 3. Correlation between proliferative responses
of individual patients and controls to p65 (1 pg/ml)
and BCG sonicate (1 pg/ml) (A: r 0.816) and p65 (1
pg/ml) and whole Al. leprae (101 (B: r = 0.661).

DISCUSSION
This study demonstrates that T-cell re-

sponsiveness to the mycobacterial stress
proteins p65 and p70 is related to respon-
siveness to BCG or to Al. leprae in both
leprosy patients and healthy control sub-
jects from a leprosy-endemic area. We have
previously demonstrated that control sub-
jects who were neither exposed to tuber-
culosis or leprosy nor BCG vaccinated do
not respond to purified p65 or p70 (2 4 ). It
is now apparent that endemic-control sub-
jects and patients who are unresponsive to
crude mycobacterial antigens have not been
primed to respond to mycobacterial anti-
gens per se or to the purified heat-shock

TABLE 3. Correlation between prolifera-
tive responses to individual antigens in pa-
tients and control subjects.

Correlation coefficient (r)

p65 p70

BCG sonicate 0.816 0.744
Whole Al. leprae 0.661 0.625
Al. leprae sonicate 0.714 0.725
PPD 0.725 0.748

Antigen concentrations as in Figs. I and 2 with M.
leprae sonicate at 10 pg/ml and PPD at I pg/ml.

proteins by exposure either to other para-
sitic or bacterial infections common in an
endemic country (Table 1).This is a signif-
icant finding since the "common bacterial
antigen" is a homolog of the p65 antigen
(I)), while variants of heat-shock protein p70
(hsp70) occur in both bacteria, such as E.
cell, and parasites including malaria, filaria
and leishmania (20, 2!

).) The results comple-
ment a study of Melanesian family contacts
of leprosy patients in which a similar cor-
relation was observed between responsive-
ness to p65 and p70 and BCG and Al. leprae
sonicates ('). Limiting dilution analysis in
those contacts revealed that the precursor
cell frequency for lymphocytes responding
to either p65 or p70 mirrored the bulk pro-
liferative response of PBMC to the same
antigen.

The immunological hallmark of polar
lepromatous leprosy is specific anergy to M.
leprae ("). This anergy does not extend
completely to the shared mycobacterial an-
tigens p65 and p70 of Al. boris BCG since
both stimulated a T-cell response, albeit re-
duced, in the BCG-responsive LL patients
(Fig. 2). Both of these antigens are present
in Al. leprae sonicate (3 4 ), and both arc ca-
pable of priming for anti-p65 and anti-p70
responses since subjects reactive to Al. lep-
rae alone, but not to BCG or PPD, can rec-
ognize BCG-derived p65 and p70 (Table 1).
There are a number of possible explanations
for these observations.

First, LL patients may be responding to
regions of the M. boris p65 and p70 not
present in the Al. leprae homologs. This may
be the case for p70 since there is 30% di-
vergence in the deduced amino acid se-
quences for Al. leprae and Al. tuberculosis
p70 in the C-terminal half of the molecule

Antigens"
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(McKenzie, et al., 1991, in press). This is
less likely for the p65 antigen since there is
95% identity between M. boris (BCG) and
Al. leprac p65 across the whole molecule
('u). The second possibility is that unre-
sponsiveness to heat-shock proteins is not
included in the Al. /eprae-specific anergy
characteristic of lepromatous leprosy.
Thirdly, the responses to p65 and p70 pres-
ent in the complex Al. Ieprae preparations
could be inhibited by antigen-specific sup-
pressor cells, which have been demonstrat-
ed in one study for p65 (''), or by nonspecific
suppressor effects such as those induced by
mycobacterial glycolipid antigens present in
the intact bacilli ("). Interestingly, when
lymphocytes from contacts of Melanesian
leprosy patients who were low responders
to p65 and p70 were examined by limiting
dilution analysis, no evidence for suppres-
sion, either specific or nonspecific, was ob-
tained ('). Thus, the precise explanation for
the responses of lepromatous patients to
BCG p65 and p70 remains uncertain, and
will require comparative studies in leprosy
patients with Al. leprac and BCG heat-shock
proteins and defined T-cell epitopes of both
proteins.

There was a moderately strong correla-
tion between responses to the crude my-
cobacterial antigens and p65 and p70. This
was also observed in a larger group of family
contacts ('), and confirms that both proteins
are dominant T-cell immunogens. In ad-
dition, a strong correlation was demonstrat-
ed between responses to the p65 and p70 in
individual subjects. Activation of cellular
responses to the two proteins may be due
to their increased expression in Al. leprac
secondary to metabolic or oxidative stress
within the host macrophage and subsequent
presentation to host T cells. Since both p65
and p70 have partial identity with human
heat-shock proteins p60 and p70 ( 10 20 ) ac-
tivation of strong cellular-immune re-
sponses may be accompanied by the emer-
gence of autoreactive lymphocytes in
genetically susceptible individuals ( 13 . 2 ').

SUMMARY
Sixty-three leprosy patients, representing

the entire leprosy spectrum from tubercu-
loid to lepromatous disease, and 17 healthy
Nepali subjects were tested for their T-cell
responses to the purified p65 and p70 pro-

tein antigens of Aivcobacterhon boris BCG
using a lymphocyte proliferative assay.
There was strong correlation between the
responses to BCG and Al. leprae and the
responses to the two antigens. Patients and
controls lacking a response to either of the
whole cell preparations failed to respond to
the purified antigens, while BCG responders
at the lepromatous pole of the disease did
mount a response to both antigens. Signif-
icant differences in the magnitude of the
responses to these antigens were obtained
between controls and the disease groups. In
individual subjects, responses to the two an-
tigens were significantly correlated to each
other.

RESUMEN
Usando on ensayo de linfoproliferaciOn, se probg la

reactividad de las celulas T de 63 pacientes con lepra

y de 17 individuos sanos nepaleses, hacia los antigenos

p65 y p70 purificados del Mycobacterium boils. BCG.

El grupo de pacientes con lepra incluyO todas las va-
riedades de la enfermedad. Hubo una fuerte correla-

diem entre las respuestas al BCG y al ,If. leprac y las
respuestas hacia los dos antigenos purificados. Los pa-

cientes y controles que no respondieron a ninguno de

los microorganismos integros, tampoco respondieron

a los antigenos puriticados; aquellos pacientes respon-
dedores del extremo lepromatoso si respondieron a los

dos antigenos. Se encontraron diferencias muy signi-

ficativas en la magnitud de respuesta hacia estos anti-
genos, entre el grupo control y el grupo do enfermos.

En los sujetos individuales, las respuestas a los dos

antigenos tambien estuvieron significativamente co-
rrelacionadas entre si.

RESUME
Soixante-trois patients lepreux, representant le spec-

tre enticr de Ia lepre, de la maladie tuberculolde A la

maladie lepromateuse, et 17 sujets nepalais en bonne
sante ont etc testes quant A Ia reponse de leurs cellules-T

vis-a-vis des antigenes proteiques purifies P65 ct P70

du BCG de Mycobacteriunz boris utilisant tin test de

proliferation lymphocitaire. II y avait une forte cor-
relation entre les reponses au BCG et .1/. leprac et les

reponses aux deux antigenes. Les patients et les controles

qui presentaient une reponse deficiente a Tune des deux
preparations cellulaires ne repondaient pas non plus

aux antigênes purifies, tandis que ceux qui repondaient
au BCG alors qu'ils presentaient une =ladle lepro-

mateuse dêveloppaient unc reponse aux deux anti-

genes. Des dilRrences significatives dans l'ampleur des
reponses A ces antigenes ont etc observees entre les

groupes de temoins et des groupes de personnes ma-

lades. Chez les sujets individuels, les reponses aux deux
antigenes etaient correlees l'une a l'autre de maniere
significative.
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