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Human Leukocyte Antigens in Forms of Leprosy Among
Japanese Patients’
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Leprosy is characterized by a spectrum
of clinical manifestations, resulting from in-
teractions between the host immune re-
sponse and the invading Mycobacterium
leprae (*"). Although the immunobiology of
leprosy has received much attention over
the years, individual differences in resis-
tance and response to the bacilli are still un-
known. Furthermore, leprosy does not oc-
cur in all patients who are infected with M.
leprae, and contact with infectious cases
does not always result in disease transmis-
sion. Twin, family and population studies
have indicated that in humans host genetic
factors are major determinants of suscepti-
blllty to leprosy (l. 3-5.7,11-13, 17, 23-26, 29, 30, 33—36).

Previous studies, including ours, have
demonstrated that leprosy is associated
strongly with human leukocyte antigens
(HLA)-DR2, especially the DRBI1*1501
and DRB5*0101 alleles of the DR2 group
("**). Yet few reports have been published
on the relationship between HLA class II
genotyping and the forms of leprosy, i.e.,
the classification of the disease ('-*>*"). To
the best of the authors’ knowledge, no re-
ports have been published on the relation-
ship between HLA class II genotypes and
forms of leprosy in Japanese patients based
on the classification of Ridley and Jopling
(*). To ascertain whether immunogenetic
differences exist among the forms of lep-
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rosy as defined by the Ridley-Jopling clas-
sification, we have analyzed HLA-DRBI,
DRBS5, DQA1 and DQBI1 in Japanese pa-
tients with leprosy.

MATERIALS AND METHODS

Subjects. Ninety-three unrelated leprosy
patients of Japanese ancestry were enrolled
in our study and were partially identical
with those patients previously reported on
('?). All patients had been hospitalized in
the National Leprosarium Tama-Zensho-En
in Tokyo, Japan. The diagnosis of leprosy
was based on clinical manifestations, histo-
logical features and bacteriological exami-
nations. According to the Ridley-Jopling
criteria, the patients could be classified as
21 lepromatous leprosy (LL), 24 borderline
lepromatous (BL), 17 mid-borderline (BB),
26 borderline tuberculoid (BT) and 5 tuber-
culoid leprosy (TT). We were unable to ob-
tain samples from the TT patients because
of the limited number of TT Japanese pa-
tients who met the Ridley-Jopling criteria.
One-hundred-fourteen control subjects
were also included in this study. The control
subjects were healthy Japanese blood
donors at the Saitama Medical Center and
were all unrelated to each other.

All studies were approved by the Ethics
Committee of the University of Tokyo. In-
formed consent was obtained from each
subject before enrollment in the study, and
the tenets of the Declaration of Helsinki
were followed.

HLA serologic and genomic typing. A
standard complement dependent microcyto-
toxicity test was used for typing the HLA-
DR and HLA-DQ specificities (*°). DNA
analyses for the HLA-DRBI1, DRBS,
DQAI1 and DQBI alleles were performed
using the polymerase chain reaction (PCR)
single-strand conformation polymorphism
(SSCP) method and the PCR-restriction
fragment length polymorphism (RFLP)

49



50 International Journal of Leprosy 2000
TABLE 1. Frequencies of HLA antigens among Japanese leprosy patients and controls.
Patients Controls
Antigens N=93 N=114 Odds ratio p Value pc Value X
No % No. Y
DRI 11 11.8 9 7.9
DR2 63 67.7 38 333 4.2 <1 x10° <l x10* 243
DR3 0 0 0 0
DR4 25 26.9 53 46.5 0.42 <0.005 NS 8.4
DR7 1 1.1 2 1.8
DRS 9 9.7 28 24.6 0.33 <0.01 NS 7.7
DR9 16 17.2 35 30.7 0.47 <0.05 NS 5.0
DR10 0 0 2 1.8
DRI1 5 6.3 2 1.8
DR12 7 ) 6 3.3
DRI13 13 14.0 18 15.8
DR14 14 15.1 16 14.0
DR52 35 37.6 40 35.1
DRS53 41 44.1 82 71.9 0.31 <5 % 107 <0.005 16.5
DQI 80 86.0 80 70.2 2.6 <0.01 NS 73
DQ2 1 1.1 2 1.8
DQ3 45 48.4 62 544
DQ7* 21 22.6 18 15.8
DQ4 11 11.8 44 38.6 0.21 <5x%x10° <0.005 18.8
*Split of DQ3.

method (*”-*'). DNA was extracted by using
a standard phenol-chloroform extraction
method for high molecular weight genomic
DNA. After extraction, a PCR was con-
ducted using group-specific primers of the
second exon in accordance with methods
presented in previous papers (>0 19-22),
SSCP and RFLP analyses for HLA geno-
typings using PCR products were per-
formed based on standard methods (" ?').
Genomic DNA was extracted from periph-
eral blood leukocytes by phenol extraction.
One pg of genomic DNA was amplified by
PCR using DRB1, DRB5, DQA1 or DQBI
group-specific primers (> %'+ 1%:22),
Statistical analysis. A chi-squared
analysis was conducted to determine the
statistical significance of the differences be-
tween all patients and normal controls and
among the five groups of patients; p values
were corrected by multiplying the p value
by the number of antigens tested, i.e., 20 or
by 49 (the number of alleles investigated)
for the comparison of patients with con-
trols. The correction factor is 49 (number of
alleles investigated) times 5 (number of
clinical forms) = 245 for the comparison of
each of the subgroups with the controls.
The corrected p value was considered sig-
nificant if less than 0.05. Odds ratios (OR)

were estimated according to Woolf’s for-
mula, with Haldane’s modification used
when necessary.

RESULTS

Tables 1 and 2 show the frequencies of
HLA class II antigens and alleles in the
Japanese leprosy patients and controls. The
frequencies of HLA-DR2, DR4, DR53 and
DQ4 were significant after the p value was
corrected. The relative risks for HLA-DR2,
DR4, DR53 and DQ4 were 4.2, 0.42, 0.31
and 0.21, respectively. The frequencies of
HLA-DRBI1#1501, DRB1#0405, DRB5*0101,
DQA1#0102, DQA1*03, DQBI1*0602,
DQB1*#0401 were significant after the p
value was corrected. The relative risk for
HLA-DRB1¥1501, DRB5*0101, DQA1*0102
and DQB1*0602 were 4.6, 4.6, 3.0 and 4.6,
respectively. The frequencies of DQA1*03
and DQB1*0401 were significantly lower
in the leprosy patients. These alleles had
relative risks of 0.32 and 0.22, respectively.

Tables 3 and 4 show the phenotype fre-
quencies of HLA class II antigens and al-
leles in the Japanese leprosy patients classi-
fied according to Ridley-Jopling criteria.
The distribution of HLA-class II antigens
and HLA-DRB1, DRBS, DQA1 and DQBI1
alleles was not significantly different in any
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TABLE 2. Phenotype frequencies of HLA-DRBI1, DRB5, DQAI, and DQBI alleles
among Japanese leprosy patients and controls.

Patients Controls
Genotypes n=93 n=114 Odds ratio P -value Pc -value xz
n(%) n(%)
DRBI
*0101 11(11.8) 9(7.9)
*1501 40(43.0) 16(14.0) 4.6 <5X10°° <5x10* 21.8
*1502 30(32.2) 24(21.1)
*1602 4(4.3) 1(0.9)
*0401 3(3.2) 1(0.9)
*0403 6(6.5) €(7.9)
*0405 10(10.8) 34(29.8) 0.25 <1X10'° <0.05 Tl
*0406 4(4.3) 6(5.3)
*0407 1(1.1) 1(0.9)
*0410 2(2.2) 5(4.4)
*0701 1(1.1) 2(1.8)
*0802 3(2.2) 8(7.0)
*0803 6(6.5) 20(17.5) 0.32 <0.05 NS S.if
*0901 16(17.2) 35(30.7) 0.47 <0.05 NS 5.0
*1001 0(0) 2(1.8)
*11:00 4(4.3) 2(1.8)
*1201 6(6.5) 4(3.5)
*1202 2(2.2) 2(1.8)
*1302 13(14.0) 1€°14.0)
*1401 6(6.5) 10(8.8)
*1403 1(1.1) 2(1.8)
*1405 5(5.4) 3(2.6)
*1406 3(3.2) 2(1.8)
DRBS
*0101 40(43.0) 16(14.0) 4.6 <5X10'6 <5X10" 21.8
*0102 30(32.2) 24(21.1)
*02 4(4.3) 1(0.9)
DQA1
*0101 21(22.6) 22(19.3)
*0102 50(53.8) 31(27.2) 3.1 <1X10" <0.005 14.0
*0103 37(39.8) 39:34.2)
*0201 1i(T1) 2-1.8)
*03 40(43.0) 80:'78.1) 0.32 <1X10" <0.005 15.5
*0401 2(2.2) 6(5.3)
*0501 13(14.0) 10(8.8)
*0601 3(3.2) 3(2.6)
DQB1
*0501 11(11.8) 11(9.6)
*0502 6(6.5) 6(5.3)
*0503 7(7.5) 7(6.1)
*0601 37(39.8) 38(33.3)
*0602 38(40.9) 15(13.2) 4.6 <1X10®  <0.005 20.6
*0603 0(0) 2(1.8)
*0604 12(12.9) 16(13.2)
*0201 1(1:1) 2(1.8)
*0301 21(22.6) 1€:15.8)
*0302 16(17.2) 13(11.4)
*0303 15(16.1) 26(22.8)
*0401 8(8.6) 34(29.8) 0.22 <5X10" <0.01 14.3

*0402 3(3.2) 12(10.5)
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TABLE 3.  Phenotype frequencies of HLA class Il antigens among the clinical sub-
groups of Japanese patients and controls.
LI BL BB BT Controls
HLA N=21 N=24 N=17 N=26 N=114
No. %o No. % No. %o No. % No. %
DRI 2 95 3 12.5 2 11.8 4 15.4 9 7.9
DR2 16 76.2 15 62.5 13 76.5 16 61.5 38 333
DR4 6 28.6 3 12.5 d 294 10 38.5 53 46.5
DRS8 3 14.3 4 16.7 1 59 1 3.8 28 24.6
DRY9 2 9.5 6 25.0 3 17.6 3 11.5 35 30.7
DRI1 1 4.8 2 8.3 1 59 0 2 1.8
DRI12 2 9.5 1 42 0 3 11.5 6 5.3
DRI13 2 9.5 -4 16.7 2 11.8 3 1.5 18 15.8
DR14 2 9.5 3 12.5 5 29.4 4 15.4 16 14.0
DRS52 ) 333 ) 29.2 8 47.1 10 38.5 40 35.1
DR53 8 38.1 9 37.5 9 52.9 12 46.2 82 71.9
DQI1 18 85.7 21 87.5 15 88.2 23 88.5 80 70.2
DQ3 9 429 13 54.2 9 52.9 11 423 62 544
DQ7* 6 28.6 6 25.0 5 29.4 3 11.5 18 15.8
DQ4 3 14.3 0 3 17.6 S 19.2 R 38.6
*Split of DQ3.

of the four groups of patients (TT data not
shown).

DISCUSSION

Leprosy was reported to be positively as-
sociated with HLA-DR2 and DQI in sev-
eral previous studies, including studies by
the authors. At the genomic level, HLA-
DRB1#1501, DRB5*0101, DQAI1*0102
and DQB1*#0602 were positively associated
with the leprosy patients in our present
study. Rani, et al. (**) reported that the fre-
quencies of HLA-DRB1*1501, DRB5*0101
and DQBI1*0601 were significantly in-
creased in leprosy patients from North India
as compared with normal controls after the
p value was corrected. Our findings of a
higher level in HLA-DRB1#1501 and
DRB5*0101 are consistent with Rani’s
data. However, Soebono and colleagues (*')
reported no significant differences in the
prevalence of 12 HLA-DRBI1 and 8 DQAI
alleles after p value correction between lep-
rosy patients and control subjects from a
Javanese population in Yogyakarta, Indo-
nesia. These findings indicate that HLA-
DRB1*1501 and DRB5*0101 may play an
important role in the pathogenesis of lep-
rosy in some populations.

Several histological classifications for
leprosy are available, such as the Ridley-
Jopling criteria, WHO/MDT criteria and

Japanese criteria ('*?7-¥- %) The question
remains why, in spite of the same causative
agent, do some people develop a more se-
vere case of the disease than others. Many
studies have indicated that HLA antigens
are at least partially responsible for the
form of leprosy a patient develops. Studies
on families suggested an HLA-linked con-
trol of susceptibility to the form of leprosy
(>-3%%9), but these studies had weak points.
The family studies only looked for associa-
tion with HLA serotyping. HLA specifici-
ties, defined by serology, are now consid-
ered to include many genotypes at the DNA
level. Those studies did not analyze the re-
lationship between HLA class II genotyp-
ings and the five forms of leprosy (LL, BL,
BB, BT and TT). Furthermore, leprosy has
a long and asymptomatic incubation period
before onset ('°). Thus, the latency period is
a very important consideration in families.

Only a few reports are available in the
literature on the relationship between HLA
genotyping and the form of leprosy. Our
study is the first attempt to analyze the im-
munogenetic differences between the LL,
BL, BB and BT types of leprosy in Japa-
nese patients.

In this study, the frequencies of HLA
class IT antigens and alleles were not signif-
icantly different in the patient group. Some
reports have been published on the relation-
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TABLE 4. Phenotype frequencies of HLA class Il alleles among the clinical subgroups

of Japanese patients and controls.

LL bL ==} Bl Controls
HLA n=21 n=24 n=17 n=26 n=114
n(%) n(%) n(%) n(%) n(%)
DRB1
*0101 2(9.5) 3(12.5) 2(11.8) 4(15.4) 9(7.9)
*1501 11(52.4) 10(41.7) 6(35.3) 12(46.2) 16(14.0)
*1502 7(33.3) 3(12.5) 8(47.1) 10(38.5) 24(21.1)
*1602 0 4(16.7) 0 0 1(0.9)
*0401 1(4.8) 0 1(5.9) 1(3.8) 1(0.9)
*0403 0 1(4.2) 1(5.9) 4(15.4) 9(7.9)
*0405 2(9.5) 1(4.2) 2(11.8) 5(19.2) 34(29.8)
*0406 2(9.5) 1(4.2) 1(5.9) 0 6(5.3)
*0407 0 0 0 0 1(0.9)
*0410 1(4.8) 0 0 1(3.8) 5(4.4)
*0802 1(4.8) 1(4.2) 1(5.9) 0 8(7.0)
*0803 2(9.5) 3(12.5) 0 1(3.8) 20(17.5)
*0901 2(9.5) 6(25.0) 3(17.6) 3(11.5) 35(30.7)
*1101 1(4.8) 2(8.3) 1(5.9) 0 2(1.8)
*1201 2(9.5) 1(4.2) 0 2(7.7) 4(3.5)
*1202 1(4.8) 0 0 1(3.8) 2(1.8)
*1302 2(9.5) 4(16.7) 2(11.8) 3(11.5) 16(14.0)
*1401 1(4.8) 0 1(5.9) 3(11.5) 10(8.8)
*1403 0 0 1(5.9) 0 2(1.8)
*1405 1(4.8) 2(8.3) 1(5.9) 1(3.8) 3(2.6)
*1406 0 1(4.2) 2(11.8) 0 2(1.8)
DRBS
*0101 11(52.4) 10(41.7) 6(35.3) 12(46.2) 16(14.0)
*0102 7(33.3) 3(12.5) 8(47.1) 10(38.5) 24(21.1)
%02 0 4(16.7) 0 0 1(0.9)
DQA1
*0101 4(19.0) 5(20.8) 4(23.5) 8(30.8) 22(19.3)
*0102 12(57.1) 14(58.3) 8(47.1) 15(57.7) 31(27.2)
*0101 10(47.6) 6(25.0) 7(41.2) 12(46.2) 39(34.2)
*03 8(38.1) 9(37.5) 8(47.1) 13(50.0) 80(78.1)
*0401 1(4.8) 0 1(5.9) 0 6(5.3)
*0501 2(9.5) 5(20.8) 3(17.6) 2(7.7) 10(8.8)
*0601 2(9.5) 0 0 1(3.8) 3(2.6)
DQB1
*0501 2(9.5) 3(12.5) 2(11.8) 4(15.4) 11(9.6)
*0502 0 4(16.7) 1(5.9) 2(7-7) 6(5.3)
*0503 2(9.5) 2(8.3) 1(5.9) 2(7-T) 7(6.1)
*0601 9(42.9) 6(25.0) 8(47.1) 13(50.0) 38(33.3)
*0602 11(52.4) 9(37.5) 6(35.3) 11(42.3) 15(13.2)
*0604 2(9.5) 4(16.7) 2(11.8) 3(11.5) 15(13.2)
*0301 6(28.6) 6(25.0) 5(29.4) 3(11.5) 18(15.8)
*0302 3(14.3) 3(12.5) 2(11.8) 6(23.1) 13(11.4)
*0303 1(4.8) 5(20.8) 3(17.6) 3(11.5) 26(22.8)
*0401 2(9.5) 0 2(11.8) 4(15.4) 34(29.8)
*0402 1(4.8) 0 1(5.9) 1(3.8) 12(10.5)
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ship of HLA and the form of leprosy based
on Ridley-Jopling criteria. In 1982, van
Eden, et al. (**) analyzed the relationship
between HLA-A, -B, -C and DR antigens
and the TT, BT, BL and LL types of leprosy
in Surinamese patients. They reported that
the frequency of HLA-DR3 in TT leprosy
was higher than in other forms of leprosy.
HLA-DR3, however, did not exhibit a sig-
nificant correlation with the patient group.
In 1987, Kim, et al. ('*) reported HLA-A,
-B, -C, -DR and DQ antigens in Korean pa-
tients with TT and LL leprosy, and no sig-
nificant differences were found between TT
and LL leprosy patients. In another report
on TT and LL leprosy in Mexican patients,
Gorodezky, et al. (") did not find any signif-
icant differences in the presence of HLA-A,
-B, -C and DR antigens. In 1992, Rani and
colleagues studied the relationship between
HLA-A, -B, -C, DR and DQ antigens in
BB, BL and LL leprosy patients in North
India (**). They did not find any significant
differences in the presence of HLA-A, -B,
-C, DR and DQ antigens after the p values
were corrected.

No consistent pattern of association in
any specific group was found in most of the
previous population studies related to HLA
class I and II antigens.

Few reports have been published on the
relationship between HLA class II genotyp-
ing and the form of leprosy based on the
Ridley-Jopling criteria. Rani, et al. (*) re-
ported that the frequencies of HLA-
DRB1*#1501 and DRB5*0101 were signifi-
cantly increased and the frequency of HLA-
DQB1#0201 was significantly decreased in
combined leprosy patients (LL + BL) as
compared with TT leprosy patients from
North India. Yet no differences in the distri-
bution of HLA class II genotypings were
observed between LL and BL patients.
They did not, however, study HLA class II
genotypings in BB and BT leprosy patients.
Mehra, et al. reported that the frequencies
of HLA-DRB1#1501 and DRBI1%¥1502
were increased in Indian patients with TT
leprosy compared to normal controls ('7),
but they did not study HLA class II geno-
typings in LL, BL, BB and BT leprosy pa-
tients. Soebono, et al. reported no signifi-
cant differences in the prevalence of HLA-
DRB1 and DQAI1 alleles between LL/BL
and BT/TT leprosy patients from a Ja-

2000

vanese population in Yogyakarta, Indonesia
(*"). None of these three studies examined
the relationship between HLA class II geno-
typing and the five forms of leprosy (LL,
BL, BB, BT and TT). Thus, further detailed
studies must be conducted on a large num-
ber of patients in different populations.

We conclude in this study that HLA class
I1 alleles are not associated with the form of
leprosy. Therefore, other HLA, a non-HLA
gene, and/or environmental factors may
play a critical role in the differing manifes-
tations of leprosy ().

SUMMARY

Human leukocyte antigens (HLA) class
IT alleles were analyzed among Japanese
leprosy patients to ascertain whether im-
munogenetic differences exist among the
leprosy classification forms of Ridley and
Jopling. Ninety-three unrelated Japanese
leprosy patients (21 lepromatous, 24 bor-
derline lepromatous, 17 mid-borderline, 26
borderline tuberculoid, 5 tuberculoid) and
114 healthy control subjects were investi-
gated. The frequencies of HLA-DRB1*1501,
-DRB5*0101, -DQA1*0102 and DQB1*#0602
were significantly increased in all of the
Japanese leprosy patients. The frequencies
of HLA-DRB1#0405, -DQA1*03 and
-DQB1*#0401 were significantly decreased
in the Japanese patients after correction of
the p value. Conversely, there were no sig-
nificantly different distributions of the
HLA-DRBI1, -DRBS, -DQAI1, DQBI al-
leles in the five subgroups of these patients.
We conclude that HLA class II alleles were
not associated with the form of leprosy.
Other HLA, a non-HLA gene, and/or envi-
ronmental factors may play a critical role in
the different manifestations of leprosy.

RESUMEN

Se estudiaron los alelos de los antigenos de histo-
compatibilidad humanos (HLA) en una problacién de
pacientes japoneses con lepra para saber si existen
diferencias genéticas entre los diferentes grupos de la
clasificacion de Ridley y Jopling. Se incluyeron 93 pa-
cientes con lepra (21 lepromatosos, 24 lepromatosos
subpolares, 12 intermedios, 26 tuberculoides sub-
polares, 5 tuberculoides) y 114 controles sanos. Mien-
tras que las frecuencias de HLA-DRB1*1501,
-DRB5*0101, -DQA1*0102 y -DQB1*0602 estu-
vieron significativamente elevadas en todos los pa-
cientes con lepra, las frecuencias de los antigenos
HLA-DRB1*0405, -DQA1*03 y DQB1*0401 resul-



68, 1

taron disminuidas después de corregir los valores de p.
La distribucién de los antigenos HLA-DRBI, -DRBS,
-DQA1 y DQBI1 fue similar en los pacientes de los
cinco subgrupos. Concluimos que los alelos de los an-
tigenos HLA clase II no estdn asociados con la forma
clinica de la lepra. Tal vez otros antigenos HLA, an-
tigenos no HLA o algunos factores ambientales, po-
drfan jugar un papel critico en las diferentes mani-
festaciones de la lepra.

RESUME

Les alleles des antigénes leukocytaires humains
(HLA) de classe II de patients lépreux japonais furent
analysés afin de vérifier si il n’existe pas de poten-
tielles différences immuno-génétiques parmi les
groupes définis selon la classification de Ridley et
Jopling. Quatre vingt treize patients 1épreux japonais
sans liens familiaux (21 1épromateux, 24 lépromateux
borderlines, 17 mid-borderlines, 26 tuberculoides bor-
derlines et 5 tuberculoides) et 114 sujets controles en
bonne santé furent examinés. Les fréquences des al-
leles HLA-DRB1*1501, -DRB5*0101, -DQA1*0102
et -DQB1*0602 étaient toutes significativement aug-
mentées chez tous les patients 1épreux japonais. Les
fréquences de HLA-DRBI1*0405, -DQAI1*03 et
-DQB1*0401 étaient significativement diminuées chez
les patients japonais aprés correction de la valeur p. En
revanche, les distributions des alleles de HLA-DRBI,
-DRBS5, DQAT1 et DQBI1 n’étaient pas significative-
ment différentes lorsque les 5 sous-groupes de patients
furent comparés. Nous concluons que les alleles des
HLA de classe II ne sont pas associées avec les dif-
férentes formes de lepre. D’autres HLA, des génes
autres que HLA et/ou des facteurs environmentaux de-
vraient jouer un role critique dans les différentes man-
ifestations de la lepre.
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