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Although the immunobiology of leprosy/
plumonary tuberculosis (PTB) has received
much attention for several years, the individual differences in resistance and response
to the bacilli are still unknown. The severity
ofthese infectious diseases is associated with
T-cell immune responsiveness against Mycobacterium leprae and Al. tuberculosis
rather than direct damage by the bacilli ( 2 ' 10 ).
Since HLA class II molecules have been
demonstrated as products of the immune
response (Ir) and/or immune suppression
(Is) genes (1• 18 ) , extensive polymorphism in
these genes may lead to differences in susceptibility to infection and/or expression of
disease.
We have demonstrated earlier a strong
association between HLA-DR2 and Asian
Indian patients with tuberculoid (TT) leprosy (5,14,25) and PTB (19, 20). With the introduction of the molecular techniques of
HLA typing, DR2 has been split into several
subtypes, the genes of which are expressed
in two DRB loci: DRBI and DRB5; together they constitute the DR5 1 group of
haplotypes. Using polymerase chain reaction (PCR) amplified DNA products and
allele-specific oligonucleotide probes, five
DR2B1 alleles (1501, 1502, 1503, 1601,
1602) and four DRB5 alleles (0101, 0102,
0201, 0202) have been defined recently ( 3 • 16 ).
In addition, heterogeneity in DR2 haplotypes results from associated alleles of the
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DQA and DQB genes (Is). The distribution
of the subtypes of DR2 in tuberculoid leprosy and PTB is, however, not yet known.
The objectives of the present study, therefore, were to investigate the occurrence of
various DR2 subtypes and their polymorphic DQA1-DQB1-associated genotypes in
TT leprosy and PTB and their comparison
with healthy controls.
MATERIALS AND METHODS
Study populations. A total of 85 unrelated patients with TT leprosy (average age
37 years, 47 males and 38 females), 45 patients with PTB (average age 35 years, 26
males and 19 females), and 104 healthy controls (average age 38 years, 59 males and 45
females) were included in this study. All
patients and controls represented a fairly
homogeneous ethnic group of north Indian
Hindus belonging to the states of Punjab,
Haryana, Uttar Pradesh and Delhi. Leprosy
patients were classified according to the fivegroup system of Ridley and Jopling ( 17 ) based
on clinical examination, skin-smear bacteriology and histopathology of the skin-lesion biopsy material. Active PTB was diagnosed by the presence of acid-fast bacilli
(AFB) in direct sputum smears or in cultures, and by the standard clinical and radiological investigations. Sputum smears
were examined at least three times in each
case for AFB by auramine stain fluorescent
microscopy ( 9 ). All patients were obtained
from the All India Institute of Medical Sciences and Lala Ram Sarup Institute for TB
and Allied Diseases, Mehrauli, New Delhi.
A qualified leprologist, a bacteriologist and
an histopathologist were involved in the diagnosis.
The controls consisted of healthy volunteers and laboratory personnel derived
from the same ethnic and socioeconomic
241

242^ International Journal of Leprosy^
status who had no family history or symptoms of leprosy, tuberculosis or other related diseases. These were age- and sexmatched with the patients.
Families. The assignment of HLA-DR2/
DQ1 haplotypes was reconfirmed by segregation analysis of parental HLA haplotypes in families. A total of 30 families (consisting of 120 individuals) tested for this
purpose included 7 with leprosy, 2 with PTB,
and 20 healthy families. Due to the small
number of lepromatous leprosy cases available in these families, data on these were
not included for statistical analysis.
HLA typing. Twenty ml of heparinized
blood (20 IU of preservative-free heparine/
ml) was freshly drawn from each individual
and lymphocytes were separated on a Ficoll-Hypaque density gradient. T and B cells
were separated using nylon wool columns
and HLA class I (HLA-A, -B, -C) and class
II (DR and DQ) phenotypes were determined for all patients and healthy subjects
using the standard two-stage NIH microlymphocytotoxicity assay ( 23 ). All DR2positive individuals thus identified were
further analyzed by the molecular typing
techniques of PCR using sequence specific
oligonucleotide probes (SSOPs) to determine their subtypes. In this way, 39 unrelated patients with tuberculoid leprosy, 20
with pulmonary tuberculosis, and 46 healthy
controls were analyzed by DNA typing.
Extraction of cellular DNA. DNA was
prepared from peripheral blood leukocytes
according to the method previously described ( 16 ). Quantification of the DNA was
done by checking the optical density (OD)
at wave lengths 260 nm and 280 nm. All
samples had their 260/280 OD ratios between 1.7 and 2.0.
PCR amplification of DR and DQ genes.

DNA samples were PCR amplified using a
programmable thermocycler (Perkin Elmer-Cetus) and different sets of specific
primers for the polymorphic region (second
exons) of the DRB, DQA and DQB genes
as described earlier ( 16 ). A set of group- and
allele-specific primers were used for the amplification of DR2B1 and DR2B5 genes. The
PCR reaction mixture consisted of 0.1-0.5
mg of genomic DNA; 200 each of dATP,
dCTP, dGTP and dTTP; 20 pmol of each
of the primers; 5 units of Taq DNA polymerase, as well as a buffer containing 50
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mM KCI, 10 mM Tris-HC1 (pH 8.4), 4 mM
MgC12, 60 µg/mg bovine serum albumin,
and double distilled water up to a final volume of 100 Al. The PCR mixture was then
covered with 100 pl of mineral oil. The reaction mixture was subjected to 40 temperature cycles of 30 sec at 97°C allowing
the DNA to denature, 30 sec at 55°C for
primers to anneal, and 30 seconds at 72°C
for annealed primers to extend. Finally, there
was an additional 10-min incubation at 74°C
to complete DNA synthesis. Five percent
of the PCR product was electrophoresed in
2% agarose in TBE buffer (0.045 M Trisborate, 0.001 M EDTA) to check for the
efficiency and specificity of the reaction.
DNA from the 9th and 10th International
Histocompatibility Workshop (IHW) cell
lines as well as from selected local panel cells
representing the known specificities of DRB,
DQA and DQB served as positive and negative controls.
Biotinylated oligonucleotide probes. The
sequences of the oligonucleotide probes used
in this study are based on those employed
in the 1 1 th IHW (" ). These were synthesized using cyanoethyl phosphoramidite
chemistry in a cyclone DNA synthesizer
(Milligen/Millipore) and identified known
alleles at the DRB1, DRB3, DRB4, DRB5,
DQA1 and DQB1 loci. All oligonucleotide
probes were biotinylated at the 5' end and
were designed as 20 and 18 mers, respectively, for DR and DQ typing. Special attention was given to probes that could detect HLA-DR2 subtypes in both the DRB1
and DRB5 genes.
Dot blot hybridization. Of each amplified DNA sample, 5 was denatured with
100 pl 0.4N NaOH, 10 mM EDTA for 10
min at room temperature and dot blotted
onto prewetted Hybond N+ membranes
(Amersham, U.K.) using Bio-Dot microfiltration apparatus (Biorad). After washing
five times with standard saline phosphatebuffered EDTA (SSPE), the DNA was crosslinked to the membranes by UV-irradiation
using a stratalinker 1800 (Stratagene, USA)
set at 25 mJ. Blots were prehybridized in
tetramethylammonium chloride (TMACI)
solution consisting of 3 M TMACI, 5 mM
EDTA, 50 mM Tris (pH 7.5), 1% SDS and
100 µg/m1 boiled herring sperm DNA for a
period of 1/2-2 hr at varying temperatures
(55°C for DRB, 50°C for DQA and DQB).
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THE TABLE. Frequency of DRB I, DQA 1, and DQBI alleles in DR2-positive Asian Indian
patients with tuberculoid (TT) leprosy and pulmonary tuberculosis (PTB).
Healthy
controls
(N = 46)

TT
(N = 39)

DRB1^1501

30 (65.2%)

20 (51.3%)

1502

18 (39.1%)

25 (64.1%)

3(15%)

1503
1601
1602

0 (0%)
0 (0%)
2 (4.4%)

0 (0%)
0 (0%)
3 (7.7%)

DQAI^0101
0102
0103

12 (26.1%)
31 (66.7%)
24 (52.2%)

DQBI^0501
0502
05031
05032
0504
0601

Locus^Allele

0602
0603
0604
0605

PTB
(N = 20)

x 2 test
Healthy vs
TT^PTB

18 (90%)^1.69

PTB vs TT

0 (0%)
0 (0%)
2 (10%)

5.27'
[2.73]
0.0
0.0
0.36

4.32'
[5.28]
4.81'
[0.25]
0.0
0.0
0.78

12 (30.8%)
21 (53.9%)
24 (61.5%)

4 (20%)
13 (65%)
10 (50%)

0.23
1.63
0.75

0.28
0.04
0.03

0.78
0.82
0.72

2 (4.4%)
14 (30.4%)
1 (2.2%)
1 (2.2%)
0 (0%)
28 (60.9%)

6 (15.4%)
6(15.4%)
1 (2.6%)
0 (0%)
0 (0%)
31 (79.5%)

I (5%)
10 (50%)
0 (0%)
0 (0%)
0 (0%)
11 (55%)

0.01
2.31
0.21
0.0
0.0
0.20

1.36
8.02'A
0.21
0.0
0.0
3.87'

7 (15.2%)
3 (6.5%)
2 (4.4%)
0 (0%)

4 (10.3%)
1 (2.6%)
1 (2.6%)
0 (0%)

3.02
2.66
0.01
0.0
0.0
4.09'
[2.5]
0.46
0.74
0.20
0.0

1.37
0.05
0.01
0.0

0.47
0.24
0.24
0.0

8.65"
12.78"
0.0
0.0
0.09

I' values: " A < 0.05; "" < 0.025;^< 0.005; d < 0.001^are uncorrected;^are corrected by multiplying
the p value by the number of alleles studied in a particular locus). Relative risk (RR) values are given in brackets.

Biotinylated SSOPs (1 pmol/ml) were added to the solution and hybridization continued for 1-4 hr (sometimes overnight) at
50°C for DQ probes or at 55°C for DR
probes. Membranes were then washed twice
in washing buffer (1 x SSPE, 0.1% SDS) at
room temperature. Following this, they were
subjected to a "critical" wash step in TMAC1
buffer at varying temperatures between
56°C-65°C (depending on the SSOP used)
for 15 min. They were then washed twice
in the washing buffer at room temperature
and processed further for final detection.
Membranes were incubated in Streptavidin-HRP (10 ml washing buffer + 1 Al stock
solution, 2 mg/ml) for 15-20 min. Generally 4-8 membranes were incubated in 50ml solution. The membranes were washed
twice in washing buffer for 5 min each followed by another wash step in blocking buffer (1 M urea, 0.1 M NaC1, 5% Triton X-100,
1% dextran sulfate) for 5 min. The membranes were again washed in washing buffer
once and were now ready for the enhanced
chemiluminescence (ECL) detection system
using the Amersham (U.K.) ECL kit. For
this purpose, 10 ml solution 1 and 10 ml

solution 2 were mixed together and two
membranes at a time were soaked in the
mixture for 1-11/2 min. Membranes were
blotted dry and exposed to Kodak X-Omat
film for 10-60 sec.
Statistical analysis. Distribution of subtypes of DR2 and DQ 1 specificities was performed by the x 2 test and the probability
(p) value was obtained to ascertain the significance. The p values were corrected by
multiplication with the number of alleles
studied in each locus ( 24 ). Relative risk (RR)
values were calculated by a modified method of Woolf and Haldane ( 22 ).
RESULTS
Distribution of HLA-DR2 subtypes. The

distribution of DRB1, DQA1 and DQB1
alleles in DR2-positive patients with TT
leprosy and PTB was compared with that
in normal healthy controls (The Table).
DRB I*1501 and DRB1*1502 were the most
frequent alleles in DR2-positive subjects in
all three groups. No examples of
DRB1*1503 and DRB I*1601 were encountered. The prevalence of DRB1*1501 in patients with PTB (90%) was significantly
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1•
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1

13
12.8
35

1502-0102-0101-0501
-0102-0601

23.9

^a

-0103-0601

6.

23.1

45

^id,A]

(a)^[a]

_1^10.3

0

__r5.7

IN

.5

2.2

Jj-_ .^2.6
0

I^48.7 lbl

32.8

15

EMI

4.4
7.7
____ ^

L

..

0

I^10

%^10%

1

1

^20%

30%

40%

1

50%

60 To

FIG. 1. Frequency of DR2-DQ I genotypes in Asian Indian patients with tuberculoid leprosy (TT) and
pulmonary tuberculosis (PTI3); p values = a, A < 0.05; b < 0.025; d < 0.001 (a, b, d arc uncorrected; A is
corrected by multiplying the p value of the number of alleles studied in a particular locus); p values presented
in parentheses arc healthy vs diseased; those presented in brackets refer to TT leprosy vs PTB. ■ = healthy (N
= 46); ^ = TT leprosy (N = 39); ^ = PTI3 (N = 20).

higher than that in normal healthy controls
(65.2%, p < 0.05, RR = 5.28) and in patients with TT leprosy (51.3%, p < 0.005).
This allele, however, did not reveal any deviation in TT leprosy as compared to controls. On the other hand, DRB1*1502 occurred significantly more frequently in TT
leprosy (64.1%) as compared to healthy controls (39.1%, p < 0.025, RR = 2.73) and
that in patients with PTB (15%, p < 0.001).
This allele was significantly lower in patients with PTB as compared to controls (p
< 0.05, RR = 0.25).
No differences were observed in the distribution of DQA I alleles in the two groups
of patients and healthy controls. Of the
DQB1 alleles, the frequency of DQB1*0601
was higher in TT leprosy (79.5%) compared
with normal controls (60.9%, p < 0.05, RR
= 2.5) and patients with PTB (55%, p <
0.05). Similarly, the frequency of
DQB1*0502 was higher in PTB patients
(50%) compared to normal controls (30.4%),
although this difference was not statistically
significant. However, the difference in the

prevalence of DQB1*0502 in the two groups
of patients was statistically significant (p <
0.005).
DR2-associated DRB1-DRB5-DQA1DQB1 genotypes. Next, we compared the

distribution of DRB1-DRB5-DQA1-DQB1
genotypes in the three groups of subjects. A
total of nine different DR2-associated haplotypes were encountered (Fig. 1). Two of
these nine haplotypes (nos. 3 and 4) showed
deviation in their frequency distribution in
the patient group as compared to controls.
Haplotype no. 3 (DRB1*1501-DRB5*0101DQA1*0102-DQB1*0502) was significantly decreased in patients with TT leprosy
(7.7%) compared to controls (23.9%, p <
0.05, RR = 0.22). On the other hand, haplotype no. 4 (DRB1*1501-DRB5*0101DQA1*0103-DQB1*0601) occurred with
significantly increased frequency in patients
with PTB (35%) as compared to healthy
controls (13%, p < 0.05, RR = 3.5).
When an analysis was made among diseased patients, both of these haplotypes were
increased significantly in PTB as compared
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FIG. 2. Pedigree charts of the seven families studied: a, b, c, and d indicate HLA genotypes; haplotype in
bold letters indicates the most common haplotype in TT leprosy patients. LL = lepromatous leprosy; TT =
tuberculoid leprosy; NT = not tested for HLA.

to patients with TT leprosy (haplotype 3, p
< 0.001; haplotype 4, p < 0.05). The frequency of haplotype no. 8 (DRB1*1502DRB5*0102-DQA1*0103-DQB1*0601)
was decreased significantly in patients with
PTB (15%) as compared to those with TT
leprosy (48.7%, p < 0.025). Haplotype no.
5 (DRB1*1502-DRB5*0102-DQA1*0101DQB1*0501) was encountered only in patients with TT leprosy (10.3%) while haplotypcs 6 and 7 were totally absent in PTB.
Leprosy families. The pedigrees of all
seven families with leprosy are given in Figure 2. All families were selected at random
with no bias toward their DR2 status and
had at least two affected members (multicase families). A total of 16 patients with
TT leprosy and 6 with lepromatous leprosy
were available in these families. The most
frequent DR2-positive haplotype encountered is haplotype no. 8 (DRB1*1502DRB5*0102-DQA1*0103-DQB1*0601).
Except for families nos. 2 and 7, DR6-associated haplotypes were absent in all seven
families.
DISCUSSION
We have reported earlier that TT leprosy
and PTB are associated with DR2 ( 14 ). The

results in our present study extend those
data and further demonstrate that different
subtypes of DR2 and DR2-DQ1 haplotypes
are associated with TT leprosy and PTB as
compared to normal controls. In addition,
some alleles showed a significant preference
in their prevalence in these two groups of
patients. For example, the frequency of
DRB1*1501 was significantly increased in
patients with PTB; whereas the prevalence
of DRB 1*1502 was strongly associated with
TT leprosy. Sequence analyses have disclosed that only one amino acid variation
can discriminate the products of DRB I*1 501
from DRB1*1502 and DRB1*1601 from
DRB1*1602 ("). In particular DRB1*1501
carries valine at amino acid position 86 while
it is substituted with glycine in DRB1*1502.
DRB1*1601 has the aromatic amino acid
phenylalanine at position 67 which is substituted by aliphatic leucine in DRB 1 * 1601. The
three-dimensional crystallographic structure
of the human class II HLA molecule ( 4 ) has
revealed that the positions of residues 67 and
86 are at the alpha helix of the beta chain
facing the antigen-binding groove and are actively involved in binding a foreign peptide.
Accordingly, the peptide binding and subsequent immune triggering depends critically
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on these single amino acid variants. It is possible that the DRB 1 * 1501 and DRB 1 * 1502
alleles may be selectively implicated in the
presentation of pathogenic peptides of mycobacteria, leading to the development of TT
leprosy and PTB. In this model, the putative
disease influencing the MHC allele-pathogen
motif will be shown to the T-cell receptor
leading to a detrimental cellular immune response responsible for the disease.
Haplotype no. 3 appears to be a common
one encountered in the Indian population
(23.9%). It has only been reported among
Javanese (10.3%) and south Chinese (6%),
and has a very low frequency (0.8%) in Melanesians ( 7 ). This haplotype was most commonly encountered in patients with PTB. A
recent WHO survey indicates that PTB
prevalence is most common in developing
nations, including India ( 12 ). Incidentally,
another haplotype (no. 4) which appeared
significantly raised in patients with PTB is
unique to the Indian population, and has
not been reported in any other ethnic group
so far ( 15 ). A significant increase of these
haplotypes in patients with PTI3 may suggest that in addition to nutritional and environmental factors, the existence of such
unique haplotypes in Indians could have
contributed to the hyperendemicity of PTI3.
However, another unique haplotype of
Asian Indians, DRB1*1502-DRB5*0102DQA 1*0103-DQB1*05031 (haplotype no.
7), was not encountered in PTB.
Out of the two common haplotypes of
DR2 that occur worldwide, only one (haplotype no. 8) occurred with an appreciably
increased frequency (48.7%) in TT leprosy,
while the other haplotype (no. 2) is within
the normal range (10.3%). Haplotype no. 8
occurs with moderate frequency in North
American Caucasoids (9.4%) and in Latin
Americans (7.6%) ( 6 ), while it is the most
predominant haplotype among the north
Chinese (34.2%) ( 7 ) and north Indians
(32.6%). At this stage, it is premature to say
whether such a distribution of this particular haplotype might have contributed toward the increased incidence of leprosy in
India and other developing countries. Further, the roles of environmental, nutritional
and other non-MHC genetic factors, such
as the one recently described for governing
susceptibility to Al. leprae infections ( 21 ), are

of paramount importance. Further studies
in other ethnic groups involving sporadic
patients with leprosy and tuberculosis is desirable.
Out of the seven families with leprosy in
this study, five were found to carry haplotype no. 8 (Fig. 2). Further, haplotype no.
5, DRB1*1502-DRB5*0102-DQA1*0101DQB1*0501, was found only in TT leprosy
patients and not in healthy and PTB groups.
This haplotype occurs predominantly
among Javanese ( 7 ) and among the Thai
population ( 8 ).
This study provides evidence for the distribution of different subtypes of DR2 and
their unique and common DR-DQ haplotypes in TT leprosy and PTB. It is likely
that peptides originating from Al. leprae and
Al. tuberculosis bind preferentially to HLADR2 allelic forms characterized by their
molecular subtypes and/or haplotypes and
stimulate T-cell clones that result in detrimental immune responses in these two mycobacterial diseases. In this context, delineation of relevant peptides is important,
particularly in understanding the immunopathogenesis of lepromatous leprosy.
SUMMARY
This study reports our observations on
the correlation between HLA-DR2 subtypes and their DR-DQ haplotypes in patients with tuberculoid (TT) leprosy and
pulmonary tuberculosis (PTB). DRB 1 * 1501
was significantly increased in patients with
PTB (90%) as compared to controls (p <
0.05); whereas the prevalence of
DRB1*1502 was significantly increased in
patients with TT leprosy (p < 0.05), suggesting allele-specific binding of the pathogen to form disease-causing motifs to the
T-cell receptor. Among DR2-DQ haplotypes, the deviation was noted in the distribution of unique and common haplotypes in patients with TT leprosy and PTB.
A significant decrease of haplotype
DRB1*1501-DRB5*0101-DQA1*0102DQB1*0502 in TT leprosy and a significant
increase of DRB1*1501-DRB5*0101DQA1*0103-DQB1*0601 in PTB patients
were observed. The occurrence of specific
DR2 subtypes and their haplotypes in the
two disease groups suggests their involvement in disease pathogenesis.
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RESUMEN
En este estudio reportamos nuestras observaciones
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