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Polymorphism of the 59 flanking region of the IL-12 receptor
b2 gene partially determines the clinical types of leprosy
through impaired transcriptional activity
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Background: Individual differences in T cell responsiveness to interleukin 12 (IL-12), resulting from
inherited factors, may be responsible for differences in the intensity of cell mediated immune (CMI)
responses in patients with leprosy, a disease with a wide clinical spectrum.
Aim: Polymorphisms in the 59 flanking region of the IL12RB2 gene were analysed to determine potential
immunogenetic factors affecting CMI responses, using leprosy as a model.
Methods: Polymorphisms in the 59 flanking region of IL12RB2 were examined using direct sequencing
techniques, and allele frequencies between patients with lepromatous leprosy and patients with tuberculoid
leprosy were compared. The effect of these single nucleotide polymorphisms (SNPs) on IL12RB2 expression
was estimated using the dual luciferase reporter gene assay in Jurkat T cells.
Results: Several SNPs, including 21035A.G, 21023A.G, 2650delG, and 2465A.G, were detected
within the 59 flanking region of IL12RB2. The frequency of haplotype 1 (21035A, 21023A, 2650G,
2464A) was high in the general Japanese population, but was significantly lower in lepromatous patients
compared with tuberculoid patients and healthy controls. Reporter gene assays using Jurkat T cells
revealed that all haplotypes carrying one or more SNP exhibited a lower transcriptional activity compared
with haplotype 1.
Conclusion: SNPs within the 59 flanking region of IL12RB2 affect the degree of expression of this gene and
may be implicated in individual differences in CMI responsiveness to mycobacterial antigens, leading to
lepromatous or tuberculoid leprosy.

T
he importance of the cell mediated immune (CMI)
response is well established in the host defence to
mycobacterial pathogens.1 2 Leprosy, a chronic disease

caused by infection with Mycobacterium leprae, shows a wide
spectrum of clinical features.3 Patients with tuberculoid type
leprosy (T-lep) show a high CMI response to M leprae, with
resistance to infection, whereas patients with lepromatous
leprosy (L-lep) show a poor CMI response to the pathogen
and have a progressive form of the disease. Although a
leishmaniasis model using BALB/c and C57BL6 mice has
improved our understanding of cellular and genetic control
mechanisms for infectious diseases and allergy, no such
models have yet been established in humans. We propose
leprosy as an alternative model in humans.

‘‘Polymorphisms in the 59 flanking region of IL12RB2 may
affect the expression of the interleukin 12 receptor b2
chain, resulting in individual differences in the intensity of
cell mediated immune responses to mycobacteria’’

Interleukin 12 (IL-12) is secreted from macrophages and
dendritic cells and is a potent inducer of interferon c
production by T helper type 1 (Th1) cells, which is in part
dependent upon the degree of expression of the IL-12
receptor (IL-12R) on the cell surface.4–6 IL-12R is composed
of two protein subunits, referred to as the b1 and b2 chains,
and expression of the b2 chain is a crucial determinant of
Th1/Th2 balance, because STAT4 is activated through
interaction with a tyrosine residue on the cytoplasmic
domain of the IL-12R b2 subunit.7–10 It has been shown that
the expression of IL-12Rb2 is greater in tuberculoid lesions

than in lepromatous lesions, whereas the expression of IL-
12Rb1 is similar in both.11 We hypothesise that the suscept-
ibility to several diseases related to mycobacterial pathogens
could be determined by the degree of expression of IL-12Rb2,
which might be regulated by genetic factors, including
IL12RB2 polymorphism.
One hypothesis is that polymorphisms in the 59 flanking

region of IL12RB2 may affect the expression of IL-12Rb2,
resulting in individual differences in the intensity of CMI
responses to mycobacteria. We examined single nucleotide
polymorphisms (SNPs) within the 59 flanking region of
IL12RB2 as feasible markers to determine susceptibility to the
disease and the effect of these SNPs on the transcription of
IL-12Rb2 molecules.

MATERIALS AND METHODS
Study population
Genomic DNA samples were collected from 176 Japanese
patients with leprosy—130 with L-lep and 46 with T-lep—
and 68 healthy Japanese donors. Patients were clinically
diagnosed, according to the description of Ridley and Jopling,
referring to results of the Mitsuda test and their sequelae.3

Donors were recruited into our study under informed consent
guidelines approved by the human ethical committee of
Saitama Medical School, Japan.

Abbreviations: CMI, cell mediated immunity; IL-12, interleukin 12; IL-
12R, interleukin 12 receptor; L-lep, lepromatous leprosy; PCR,
polymerase chain reaction; SNP, single nucleotide polymorphism; Th, T
helper; T-lep, tuberculoid type leprosy
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Analysis of polymorphism in the 59 f lanking region of
IL12RB2
Genomic DNA was sequenced for polymorphisms in the 59
flanking region of IL12RB2 using direct sequencing. Briefly, a
fragment spanning 21247 to +55 of IL12RB2 was polymerase
chain reaction (PCR) amplified and subsequently sequenced
using the ABI 3730 DNA sequencer (PerkinElmer Life
Sciences, Wellesley, Massachusetts, USA). The sequence data
obtained were compared with the GenBank database
(GenBank accession number AL389925) to determine the
SNPs on IL12RB2. Numbers of base positions were defined as
the distance from the start point of the reported cDNA
sequence.12 The haplotypes were determined by cloning the
PCR products into the pGEM-T Easy plasmid (Promega,
Madison, Wisconsin, USA) and sequencing.

Evaluation of transcriptional activity of the 59
flanking region of IL12RB2
For transfection studies, the dual luciferase reporter gene
assay system (Promega) was used with the IL12RB2–pGL3
plasmid constructs. The plasmids comprised a 1.3 kb NheI/
HindIII digested PCR fragment of IL12RB2 ligated to the
pGL3 basic vector (Promega). Jurkat T cells (16 107) were
electroporated with 25 mg of plasmid DNA (IL12RB2–pGL3
constructs) and a control Renilla luciferase reporter plasmid
(pRL–TK, 25 ng; Promega) using a Gene Pulser (Bio-Rad
Laboratories, Hercules, California, USA), as described pre-
viously.13 Cells were then cultured for 48 hours in the
presence of antihuman CD3 monoclonal antibody
(PharMingen, San Diego, California, USA), and antihuman
CD28 monoclonal antibody (PharMingen) for the final 24
hour period. Cell lysates were prepared, and both firefly and
Renilla luciferase activities were evaluated using a dual
luminometer Fluoroskan Ascent FL (Thermo Electron Oy,
Vantaa, Finland).

RESULTS
Analysis of polymorphism in the 59 flanking region of
IL12RB2
Twelve SNPs located within the 59 flanking region of IL12RB2
(21247 to +55), comprising 21047delT, 21035A.G,
21033T.C, 21023A.G, 2650delG, 2568A.C, 2557T.C,
2550T.C, 2464A.G, 2464A.C, 2202T.C, and 2188A.C,
were identified. The surveillance study of 176 patients (130
with L-lep and 46 with T-lep) revealed significant differences
in frequencies of SNPs between these patients groups; in
particular: 21035A.G, 21023A.G, 2650delG, and
2464A.G (table 1).
We randomly selected 17 healthy donors heterozygous in

at least one of the positions 21035, 21023, 2650, and 2464
to determine linkage disequilibrium. Five haplotypes were
determined by sequencing 34 subcloned PCR amplified DNA
fragments from the 17 heterozygous donors. Haplotype 1
consisted of 21035A, 21023A, 2650G, and 2464A, and
haplotype 2 consisted of 21035G, 21023G, 2650del, and
2464G, and accounted for 73.6% of the haplotypes detected
in our study (table 2).
Haplotype frequency was calculated based on the assump-

tion that each group would be in accordance with the Hardy–
Weinberg equilibrium because subjects were selected from
the Japanese Wajin population of mainland Japan (Honshu).
p Values were calculated using the StatView (SAS Institute,
Cary, North Carolina, USA) statistical software program, by
comparing the frequency of haplotype 1 in patients with L-lep
leprosy, those with T-lep leprosy, and healthy controls. The
frequency of haplotype 1 was significantly lower in patients
with L-lep compared with those with T-lep and healthy
donors (fig 1), suggesting that haplotype 1 might contribute
to the intensity of CMI responses to mycobacteria.

Evaluation of transcriptional activity of the 59
flanking region of IL12RB2
The transcriptional activity of each reporter construct was
determined using the dual luciferase reporter gene assay. The
transcriptional activity of haplotype 1 was significantly
higher than haplotypes 2, 3, 4, and 5 (fig 2). Each experiment
was performed using triplicate wells and was repeated four
times. Because each SNP is a genetic factor potentially able to
reduce the expression of IL-12Rb2 molecules, a poor CMI
response to mycobacteria may occur.

DISCUSSION
It was recently reported that the lack of IL-12Rb1 expression
caused by mutations in IL12RB1 resulted in human
immunodeficiency, thereby demonstrating the essential role

Table 1 Allelic distribution in patients with leprosy

SNPs
Clinical
form

Allele
frequency OR RR p Value

21035A.G
L-lep 24.6% 3.97 3.24

,0.001
T-lep 7.6%

21023A.G
L-lep 24.2% 2.95 2.48

,0.01
T-lep 9.8%

2650delG
L-lep 28.8% 3.74 2.95

,0.001
T-lep 9.8%

2464A.G
L-lep 23.1% 3.64 3.03

,0.01
T-lep 7.6%

Frequencies of four single nucleotide polymorphisms (SNPs) were
compared between lepromatous (L-lep) and tuberculoid (T-lep) patients.
The x2 test was used to compare differences in the distribution of clinical
phenotypes and allele frequencies. The odds ratio (OR) and relative risk
(RR) were also calculated by comparing the frequency of variant alleles
between two clinical types of leprosy.

Table 2 Haplotypes of the 59 flanking region of IL12RB2

Haplotype 21035 21023 2650 2464 Frequency (%)

1 A A G A 41.2
2 G G del G 32.4
3 A A del A 11.8
4 G G G A 8.3
5 A A del G 5.9

Haplotypes were determined by sequencing 34 subcloned polymerase
chain reaction amplified DNA fragments from 17 donors with
heterozygous alleles in at least in one of the positions 21035, 21023,
2650, and 2464, but not from donors carrying homozygous alleles at
all positions.

Healthy

T-lep

L-lep
p = 0.0002

Frequency of haplotype 1 (%)
100908070600

p = 0.039

Figure 1 Frequency (%) of haplotype 1 in the three groups: patients
with lepromatous leprosy (L-lep), patients with tuberculoid type leprosy
(T-lep), and healthy controls. The haplotype frequency was calculated
based on the assumption that each group would be in accordance with
the Hardy–Weinberg equilibrium because subjects were selected from
the Japanese Wajin population of mainland Japan (Honshu). p Values
were calculated using the StatView statistical software program, by
comparing the frequency of haplotype 1 in the L-lep leprosy, T-lep
leprosy, and healthy control groups.
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of IL-12 in resistance to infections caused by intracellular
bacteria.14–16 However, no differences in the expression of IL-
12Rb1 on T cells were detected between donors, including
patients and healthy subjects (data not shown). It has been
reported that IL-12Rb2 is absent in freshly isolated peripheral
blood mononuclear cells, whereas up to 72% of resting
peripheral blood mononuclear cells from normal volunteers
express IL-12Rb1 molecules, and that IL-12Rb2 is expressed
selectively in Th1 cells but not in Th2 cells.9 17 Moreover,
because IL-12Rb2 has tyrosine residues in the cytoplasmic
domain that play a role in signal transduction, we hypothe-
sised that IL-12Rb2, but not IL-12Rb1, could be important in
explaining the low CMI responses induced by IL-12 in T cells
from patients with leprosy.

‘‘Individual differences in the intensity of the cell mediated
immune response to mycobacteria are probably regulated
primarily by the degree of expression of IL-12Rb2, rather
than possible conformational changes’’

Alternatively spliced mRNA with the absence of IL12RB2
exon 15 leads to the loss of induction of interferon c
production.18 Similarly, we have previously found several
coding SNPs of IL12RB2, but could not determine an effect
on CMI response intensity or on alternatively spliced mRNA
(data not shown). Epidemiological studies recently per-
formed by two independent groups demonstrated that there
was no influence of IL12RB2 coding SNPs on susceptibility to
mycobacterial infection.19 20 Therefore, individual differences
in the intensity of the CMI response to mycobacteria are
probably regulated primarily by the degree of expression of
IL-12Rb2, rather than possible conformational changes
caused by the coding SNPs detected in the Japanese
population. Bleharski et al showed differences in gene
expression profiles according to the clinical type of leprosy,21

and the IL-12R gene was included among those differentially
expressed between patients with L-lep and T-lep.
The differences in transcriptional activity between haplo-

type 1 and other haplotypes are marginal, except for that
between haplotypes 1 and 5. These findings suggest that
haplotype 5 might be more closely associated with suscept-
ibility to lepromatous leprosy than haplotypes 2, 3, and 4. To
investigate this issue, it will be necessary to analyse the
frequency of all haplotypes in the patient population.
Moreover, the functional effects of SNPs 2650 and 2464
on the transcriptional mechanism should also be elucidated.

An SNP at position 2464 of IL12RB2 was found to have
high transcriptional activity compared with the wild-type
allele, possibly because of disruption of a GATA site.22 This
appears to contradict our present data, although the effects of
SNPs on the binding affinity with GATA-3 were not directly
tested in this report. It was determined that the main target
of GATA-3 is not IL-12Rb2, but rather STAT4.23 Further
studies are needed to determine the precise molecular
mechanism.
Taken together, we conclude that SNPs within the 59

flanking region of IL12RB2 could affect the expression of IL-
12Rb2, thus causing individual differences in the intensity of
CMI responses leading to the lepromatous and tuberculoid
types of leprosy. It is probable that these SNPs also affect
susceptibility to allergy, because IL-12Rb2 is implicated in the
Th1/Th2 balance in the allergic response. A study investigat-
ing this hypothesis is currently under way.
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