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Summary

Tuberculosis (TB) is the second commonest cause of death
from infectious disease after HIV/AIDS worldwide. Asso-
ciation studies have revealed that host genetic factors,
such as human leukocyte antigen and solute carrier family 11
member A1 (NRAMP1), play roles in suscepubility to TB. To
identify host genetic factors involved in the susceptibility
to TB in Japanese, we performed a gene-based association
analysis of 21 candidate genes on 87 TB patients and 265
controls using marker single nucleotide polymorphisms
(SNPs). For the genes with two or more marker SNPs
exhibiting significant allele association, we subsequently
analysed the association berween adjacent coding SNPs
(cSNPs) and TB. Among a total of 118 marker SNPs, 3
of IL1B and 2 of IL12RB1 showed association with TB.
Non-synomymous ¢SNPs were not identified in IL1B.
Association studies on four non-synomymous cSNPs of
IL12RB1 (641A/G, 1094T/C, 1132C/G, 1573G/A) in link-
age disequilibrium showed that three of them (641A/G,
1094T/C, 1132C/G) were significantdy associated with the
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development of TB. Haplotype analysis on the four ¢cSNPs
demonstrated that frequency of ATGG haplotype was
significantly lower in TB patients than in controls. When
TB patients were divided into two subgroups according
to the severity of lung disease, advanced subgroup
showed a prominent association with 641A/G, 1094T/C
and 1132C/G SNPs. These data suggested that genetic
variants of IL12RB1, at least in part, confer genetic
susceptibility to TB, and are associated with the progres-
sion of the disease, in Japanese.

Introduction

Tuberculosis (TB) is the second commonest cause of death
from infectious disease after HIV/AIDS worldwide. The
World Health Organization estimated 8-9 million new cases
of clinical TB and 2 million deaths resulting from the disease
every year (WHO, 2005). Only about 10% of the individuals
infected with Mycobacterium tuberculosis develop TB,
whereas the remaining 90% stay free from the disease
throughout their life (Murray et al., 1990). Almost half of
the patients show rapid progression and develop clinical
disease within 2 years after infection (Frieden et al., 2003).
In addition to these clinical observations, epidemiological,
twin and adoption studies support the role of host genetic
factors in the susceptibility to TB (Comstock, 1978; Sorensen
et al., 1988). Previous association studies demonstrated
the association of several genes, such as human leucocyte
antigen (HLA), natural resistance associated macrophage
protein 1 (NRAMP1 or solute carrier family 11 member
A1l [SLC11A1]) and vitamin D receptor (VDR) genes and
interleukin (IL)-1 locus, with the susceptibility to TB
(Singh et al., 1983; Bellamy et al., 1998, 1999; Goldfeld
et al., 1998; Wilkinson et al., 1999; Greenwood et al.,
2000). A linkage analysis on sib-pairs conducted in Africa
(Bellamy et al., 2000) has mapped TB susceptibility loci to
chromosomes 15q11-13 and Xq26, although another
genome-wide scan for a Brazilian TB patient did not
replicate it (Miller et al., 2004).

On the other hand, genetic analysis of severe or recur-
rent cases with clinical diseases caused by weakly virulent
mycobacterial species, such as BCG and non-tuberculous
environmental mycobacteria (NTM) revealed the congenital
deficiencies of the molecules involved in IL-12/interferon
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(IFN)-yaxis named *Mendelian susceptibility to mycobac-
terial disease (MSMD, MIM 209950)" (Dupuis ef al., 2000).
Increased susceptibility to TB is also observed in this type
of genetic disorders. Therefore, it is possible that muta-
tions causing MSMD are responsible for the development
of TB and/or that any functional polymorphisms of the
genes encoding molecules of 1L-12/IFN-y axis may affect
the genctic control of M. tuberculosis.

In the present study, we screened 21 candidarte genes
for TB susceptibility in Japanese by a gene-based associa-
tion analysis using marker single nucleotide polymorphisms
(SNPs) and subscquently analysed the association between
TB and coding SNPs (¢SNPs) adjacent to the positive
marker SNPs in terms of susceptibility and disease severity.

Materials and methods

Subjects

The study population comprised 87 unrclated Japanese
patients with TB (mean age: 52.7 £ 21.1 years; 18 women
and 69 men) and 265 unrelated healthy Japanese individ-
uals (mean age: 56.5 £ 12.7 years; 112 women and 153
men), who resided in Kyushu Island in the southern part
of Japan. All the TB patients had been given a diagnosis
of pulmonary TB on the basis of clinical symptoms and
chest radiographic findings with bacteriological confirma-
tion (culture, 82 patients; smear and/or polymerase chain
reaction [PCR], 5 patients). Eleven patients were having
TB relapses. Common clinical symptoms were cough
(77%), sputum (53%) and fever (30%). Patients with
known immunodeficient states, such as HIV infection
and are undergoing immunosuppressive therapy were
excluded. Lung disease on standard posterior—anterior
chest radiograph of each patient was graded according the
International Classification of Tuberculosis (Falk et al.,
1969; Van Lettow et al., 2004):

(1) minimal lung disease was defined as infiltrates of
slight to moderate density; disease present in a small
portion of both lungs; the total volume of infiltrate(s)
being the volume of one lung present above the
second chondrosternal junction and the spine of the
fourth junction or the body of the fifth thoracic
vertebra and no cavitations present.

moderately advanced disease was defined as disease
present in one or both lungs; the total extending not
more than as follows:

(1) scattered lesions of slight to moderate density do
not involve more than the total volume of one
lung or the equivalent volume of both lungs

(ii) dense, confluent lesions do not involve more than
one-third of the volume of one lung, and

(iii) the total diameter of the cavities are less than
4 ¢cm; and

(3) faradvanced lung discasc was defined as: lesions more
extensive than moderately advanced disease. Thirty-
four, 38 and 15 patients had minimal, moderately
advanced and far advanced lung disease, respectively.
Twenty-nine patients had cavitary lesion(s). Subjects

(2

with diabetes were not included in the control group.
After full explanation of the study by research
personnel, written informed consent was obtained
from the subjects or guardian(s). This study was
approved by the ethical committees of Kyushu
University and by the other participating institutions.

Screening of the candidate genes

Genomic DNAs were extracted from whole blood by
using QIAamp DNA Blood Kit (Qiagen, Germantown,
MD). Twenty-one candidate genes selected for analysis
consisted of three genes whose association with TB has
been observed in Japanese and/or other ethnic population
(SLC11A1, VDR and IL-1P genes), 14 genes associated
with IL-12/IFN-y axis (IFN-y, IFN-yR |IFN-y receptor| P,
IFN-yR2, IL-12 p40, IL-12p35, IL-12R [IL-12 recepror] B1,
IL-12RB2, signal transducer and activator of transcrip-
tion [STAT]-1, IL-18, IL-18R [IL-18 receptor], [L-23p19,
IL-23R [IL-23 receptor], 1L-27p28 and IL-27R [IL-27
receptor, WSX-1] genes), three genes associated with
tumor necrosis factor (TNF)-at signaling (TNF-o,, TNFRSF
[TNF receptor superfamily]l A and TNFRSF1B genes),
and ubiquitin protein ligase E3A (UBE3A) gene, a putative
TB susceptibility gene in chromosome 15q11-13 based
on the sib-pair linkage analysis (Cervino et al., 2002). All
of them are located on autosomal chromosomes. HLA
genes were not analysed in this study because of their
complexity. These candidate genes were screened by
association analysis of marker SNPs, which were validated
by the TagMan'™ Validated SNP Genotyping Assays
(Applied Biosystems, Foster City, CA). A total of 118
marker SNPs with 62-23 572 base pair (bp) interval within
each gene (median 5633 bp interval) were genotyped by
Assays-On-Demand™ primer and probe sets (Applied
Biosystems) using ABI PRISM 7900HT (Applied Bio-
systems) according to the manufacturer’s protocol.

SNPs detection and genotyping by PCR sequencing

For genes with two or more marker SNPs exhibiting sig-
nificant allele association with TB (cut-off at P < 0.05), we
subsequently searched for adjacent ¢SNPs by PCR and
direct sequencing. Genomic DNAs extracted from whole
blood of 24 TB patients randomly selected from the total
TB population were used. Twenty-four samples are suffi-
cient to detect SNPs with minor allele frequencies over
5%. To analyse exons 1-7 and 3° UTR of IL1B adjacent
to three marker SNPs with positive association (rs1143629,
rs1143643 and rs3917368), we constructed eight pairs
of oligonucleotide primer pairs according to the human
I1.1B gene sequence (GenBank Accession No. AY137079),
as follows: 5-AAACAGCGAGGGAGAAACTG-3" and
§-GCATACACACAAAGAGGCAGAG-3' forexon 1, 5'-
ACACATGAACGTAGCCGTCA-3 and 5-AGGGGAA-
AAATCTGGTCTCC-3" for exon 2, 5-GCAGGCT-
GTTTGCAGTTTCT-3" and 5-TCCTTGGGTTGGGAG-
TTAAA-3 forexon 3, §-CTCCCTCCCTCGCTCTCT-3"
and 5-CTGCCTGCTCTTGGCTAACT-3' for exon 4,
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5’-CCTAAACAACATGTGCTCCA-3" and 5-AATTAG-
CAAGCTGCCAGGAG-3’ for exon 5, §-CTGCACT-
GCTGTGTCCCTAA-3" and 5-AAGTGGTAGCAGGA-
GGCTGA-3' for exon 6, 5-CCTTGCCCCACAAAAATTC-
¥ and 5-TACCCTAAGGCAGGCAGTTG-3" for 3’
UTR, and 5-CTGGCAGAAAGGGAACAGAA-3’ and
5-ACTTCTTGCCCCCTTTGAAT-3 for 3 UTR.

To analyse exons 1-17 of ILI2RB1 adjacent to two
marker SNPs with positive association (rs2305739 and
rs383483), we constructed 17 pairs of oligonucleotide
primer pairs according to the human [LI2RB1 gene
scquence (GenBank Accession No. AY771996), as
follows: 5-GCTTCAATGTGTTCCGGAGT-3" and
§5'-CCCACAGCTCTCCACACATA-3" for exon 1,
5-GAGGGTGCATAGATGGGAAA-3" and 5-ATCCT-
CAGCCAACAATGAGG-3 forexon 2, 5-TGAGGTGA-
CGCTGAAAGATG-3" and 5-TGAGGGTTTGGGAAT-
GGTAG-3’ for exon 3, 5-CACTGACACCCTCCTTC-
CTG-3" and §5-CTGATGGCCTCTCTGGGTAA-3" for
exon 4, 5-TTCAGGGCCCATTAACTCAC-3" and 5*-
CCTGGACTTGGGAAACAAAC-3" for exon 5, 5™
TTCAGCACCAAAATGCAAAA-3 and 5-CTGAAC-
TATGGGGCAGGGTA-3" for exon 6, 5-GGACAAT-
TCTTACGGCCTGA-3 and 5-TTGCCCCTGTTCCTG-
TACTC for exon 7, S-AGTTGGTTTGGTTCT-
GATTGC-3' and 5-TCCCTCCATCTACCACTTGC-3'
for exon 8, 5-TGCCTATGGGATGATGAGTG -3” and
5-GAGGCTCAGAGTAGGTGCTCA for exon 9,
§-CAACTGTCTCGATGCGTCTC-3" and 5-AGGGC-
ACAGAGGAGGGGTAG-3" for exon 10, 5-CCI-
GGCCTTTGCTTATCCTT-3" and §-CACTGTGCCC-
AGCCTCTATT for exon 11, 5-CCAGCATTCTTGGT-
GTTGAC-3' and 5-CAGGTCTGCACTGCCTCAC-3*
for exon 12, 5-CCTGGCCTCTGAGGAGTAAA-3"
and 5-GCAGTGCATGCTGGGTAAAT-3’ for exon 13,
5-AGGAAGAGGCAGGAGGTAGC-3" and 5-CTGC-
CCAGCATCATTACCAT-3" for exon 14, 5-AGCAA-
GACTCCGTCTCCAAA-3" and S5-AATGCGTAAC-
CCTTGTCCAG-3" for exon 15, §5-GTGGCCCTA-
CCCTCCCTCT-3" and 5"-CTGACCGTCTGGCCCACT
for exon 16, and 5-CTACAACCACCCCCTGAAAG-3’
and 5-CCATTTCATGGCAGCATCTA-3’ for exon 17.

Approximately 10 ng of genomic DNA and 5 pmol of
each primer were used in a standard PCR reaction. Direct
sequencing of PCR products was performed using the Big
Dye terminator cycle sequencing kit (Applied Biosystems),
according to the manufacturer’s protocol. Sequencing
reactions were run on an ABI 3700 automated sequencer
(Applied Biosystems). Data were collected and analysed
using the ABI DNA Sequencing Software Version 3.6.
cSNPs were identified using the SeqMan 11 sofrware
version 4 (DNASTAR Inc., Madison, WI, USA). Among
the ¢SNPs identified, non-synonymous c¢SNPs were
selected for the second-round association study. Genotyp-
ing of 641A/G, 1094T/C, 1132C/G and 1573G/A SNPs of
1L12RB1 was performed by PCR and direct sequencing
using primer pairs for exons 7, 10 and 13 listed in previ-
ous discussions. Positions given for the four ¢cSNPs are
those noted in relation to the transcription start site.

© 2007 The Authors

Statistics

Chi-square tests were employed to evaluate statistical
differences in genotype distributions and allele frequencies
of each SNP between TB and control groups. Genotype
distributions of tested SNPs were compatible with the
Hardy-Weinberg equilibrium. P values less than 0.05 were
considered statistically significant. Linkage disequilibrium
(LD) was evaluated by Lewontin’s D’ (I D’ |) running all pairs
of bi-allelic loci (Hedrick, 1987). All statistical analyses
including haplotype estimation and association by y” test
were performed by using SNPAlyze version 3.2 software
(DYNACOM, Mobara, Japan) (Tanaka et al., 2003).

Results

A total of 118 marker SNPs listed in Table 1 were geno-
typed for 87 TB patients and 265 control subjects. Loca-
tion of these marker SNPs in each gene was as follows: 57
SNPs in intron, 2 synonymous ¢SINPs, 1 non-synonymous
cSNP, 3 SNPs in S'untranslated region (S'UTR), 5 SNPs in
3UTR, 23 SNPs in the upstream of the 5" end of the first
exon (5" upstream) and 27 SNPs in the downstream of the
3 end of the last exon (3’downstream). These marker
SNPs covered the 21 candidate genes, and frequencies of
the minor allele observed in control subjects were between
0.01 and 0.50 (average was 0.25). Association analysis
revealed that seven SNPs showed a significant difference
(P < 0.05) in the allele frequencies between the two groups;
3in[L1B (rs1143629 [P = 0.002], rs1143643 [P = 0.002]
and rs3917368 |P=0.049]); 2 in IL12RBI (rs383483
[P=0.011], rs2305739 [P=0.037]); and 1 in STATI
(rs2280234 |P=0.004]) and TNFRSFIB (rs496888
[P =0.007]) (Table 1). With respect to STATI, the dis-
tance between rs2280234 and its closest known ¢SNP,
rs1803838 (chromosome position 191670871), is 4.8 kb,
whereas rs2280235 with 1.4 kb distance from rs 1803838
showed no association (P =0.680). As to TNFRSFIB,
rs496888 is located 14 kb upstream to exon 1, and
marker SNPs closer to exon 1 (rs976881, rs616645 and
rs474247) showed no association. Therefore, STAT1 and
TNFRSF1B with a single positive marker SNP were not
further analysed.

Sequencing analysis of coding regions of ILIB and
IL12RB1 and 3’ UTR of IL1B adjacent to the marker
SNPs with positive association showed one ¢SNP in exon
S of IL1B and seven ¢SNPs in exons 4, 7, 10 and 13, and
in 3UTR of [LI2RBI. Among them, four ¢SNPs of
IL12RB1 (641 A/G in exon 7, 1094T/C and 1132C/G
in exon 10 and 1573G/A in exon 13) previously reported
in Japanese population (Sakai et al., 2001) were non-
synonymous and were further analysed for associarion
study (Fig. 1). As shown in Table 2, a significant difference
in the genotype and allele frequencies between TB paticnts
and controls was found for ILI2ZRB1641 A/G, 1094T/C
and 1132C/G SNPs (P = 0.030, P=0.013 and P=0.013,
respectively). The genotype and allele frequencies of
1132C/G SNP were exactly the same as those of 10947/
C SNP. Genotype and allele frequencies of 1573G/A SNP
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Table 1. List of marker SNPs analysed in this study

Chromosome Minor alleie
Gene symbol dbSNP ID* Location position® frequency® P value®
SLCT1ANNRAMPT) rs4674301 5 upstream 219,068,367 0.20 0.854
152290708 intron 219,077,882 0.08 0.096
151059823 3"UTR 219,085,349 0.28 0234
182227255 3’ downstream® 219,093,286 0.36 0527
VDR rs11608702 3’ downstream 46,515,035 0.33 0.816
151544410 intron 46,526,102 0.18 0.768
152239183 intron 46,530,927 0.07 0.869
152248098 intron 46,539,623 0.33 0623
rs2239180 intron 46,542,313 0.18 0114
rs1540339 intron 46,543,593 0.26 0.109
152238138 intron 46,550,760 0.12 0.361
51989969 intron 46,564,277 0.31 0.164
r$3890733 ntron 46,575,640 0.01 0.651
r$10083198 ntron 46,582,232 0.45 0.855
54516035 5 upstream 46,586,093 0.0 0518
rs7976091 5’ upstream 46,590,819 0.37 0694
IL1B rs3917368 3’ downstream 113,299,013 0.48 0.002*
rs1143643 intron 113,304,533 0.48 0.002*
151143629 intron 113,309,749 0.50 0.049*
rs1143623 5" upstream 113,312,060 0.38 0.052
rs13032029 5’ upstream 113,316,646 0.45 0.055
IFNG rs2193049 3’ downstream 66,833,189 0.49 0.510
152069718 intron 66,836,429 0.10 0554
IFNGR1 rs11914 Coding, synonymous 137,561,281 0.07 0.159
r$2234711 5 UTR 137,582,213 0.49 0572
rs1327474 5" upstream 137,582,768 0.06 0.658
rs608914 5" upstream 137,588,731 0.39 0.354
IFNGR2 rs2284553 intron 33,698,565 0.28 0.601
rs2268241 intron 33,702,920 0.48 0.722
rs9808753 Coding, non-synonymous 33,709,182 0.47 0784
rs2834214 intron 33,715,576 0.18 0640
51532 intron' 33,726,836 0.03 0114
rs2284556 intron® 33,728,175 0.19 0.508
rs11088252 3’ downstream?® 33,737,563 017 0.586
157282496 3’ downstream® 33,741,452 0.19 0.584
IL12A (p35) rs2242382 intron 161,194,604 0.08 0.146
rs668998 3 downstream 161,198,253 0.28 0.836
IL128 (p40) rs11135058 3’ downstream 158,667,095 024 0.086
rs6870828 3’ downstream 158,671,090 0.24 0.320
rs2288831 intron 158,682,591 0.46 0.489
IL12RB1 C_3057455_10 3’ downstream 18,021,464 017 0.320
rs404733 3" downstream 18,030,997 0.44 0.054
rs383483 intron 18,032,886 0.4 0.011*
rs2305739 intron 18,041,194 0.21 0.037*
rs2306742 intron 18,052,441 020 0.118
5436857 5 UTR 18,058,635 0.19 0.158
52045387 5" upstream 18,061,586 0.01 0.995
157250425 5" upstream 18,062,757 0.30 0441
rs273504 5’ upstream 18,076,247 031 0.462
IL12RB2 rs1546159 intron 67,500,447 0.22 0.875
157518845 intron 67,523,001 Q.24 0.557
r$7535591 intron 67,529,168 023 0.709
rs2252596 intron 67,545,522 0.22 0.680
rs6685568 intron 67,567,318 0.23 0.671
STAT1 rs867637 3" downstream” 191,651,888 0.27 0.243
rs12987796 3’ downstream 191,656,373 0.23 0.148
151914408 intron 191,665,482 0.3 0.561
152280235 intron 191,669,336 0.41 0680
152280234 intron 191,675,605 0.18 0.004*
152280232 intron 191,676,272 0.20 0653
rs2066805 intron 191,688,407 0.05 0.093
rs2066802 Coding, synonymous 191,700,173 0.22 0.585
rs1467199 5" upstream 191,706,008 047 0891
© 2007 The Authors
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Chromosome Minor allele
Gene symbol dbSNP ID* Location position® frequency” Pvalue®
18 153882891 intron 111,519.971 0.44 0598
rs1834481 intron 111,529,037 0.01 0322
rs4937113 intron 111,534,931 0.44 0674
rs2043055 5 UTR 111,536,834 0.43 0.810
rs360712 5’ upstream' 111,645,237 0.14 0727
15795468 5" upstreamy 111,547,407 014 0.761
IL18R1 151861246 5’ upstream” 102,425,301 042 0.148
12999364 5’ upstream 102,432,647 0.38 0.086
rs11465567 5’ upstream 102,436,918 0.03 0344
rs1558627 intron 102,443,202 057 0.136
151974675 intron 102,444,893 0.19 0813
rs2270297 intron 102,451,193 043 0.082
1s3213733 intron 102,456,402 016 0.318
152241116 intron 102,461,783 0.15 0480
152287033 intron 102,469,755 0.20 0.694
13732127 3'UTR 102,472,268 0.16 037N
151420094 3’ downstream 102,474,205 0.20 0.678
153732124 3 downstream 102,476,570 o 0633
IL23A 152371494 5" upstream 55,014,267 0.06 0.635
rs2066808 3’ downstream' 565,024,240 006 1.00
rs2066807 3’ downstream™ 55,026,949 0086 0.588
ILZ3R rs1343151 intron 67,431,150 0.10 0.439
rs10889677 3 UTR 67,437,141 0.28 0922
rs4655531 3’ downstream 67,439,799 017 0.626
C_2720245_10 3’ downstream 67,442,774 0.12 0678
IL271EBI3, p28) rs40834 3" downstream 28,417,894 0.28 0.767
rs40835 3" downstream 28,417,956 024 0.644
r$181207 intron 28,421,031 0.13 0.183
IL27RAMWSX-1) r$1982632 5" upstream 14,000,004 019 0.051
rs2306190 intron 14,023,676 0.39 0.169
C_1878989_10 3’ downstream 14,033,779 012 0.179
rs10415758 3’ downstream 14,033,921 035 0.462
TNF 51800683 5" upstream” 31,648,050 0.36 0482
1s2857713 5’ upstream® 31,648,535 0.19 0228
rs1799724 5" upstream 31,650,461 0.22 0.522
rs361525 5" upstream 31,651,080 0.03 0.430
rs769178 3’ downstream 31,655,493 o 0747
TNFRSF1A rs740841 3’ downstream® 6,303,550 0.35 0.264
rs2302350 3’ downstream® 6,306,014 029 0.132
rs1860545 intron 6,317,038 0.18 0.369
rs4149577 intron 6.317,783 0.46 0.159
rs4149576 intron 6,319,376 0.19 0.295
TNFRSF1B rs590368 5’ upstream 12,182,717 0.33 0.677
15496888 intron 12,167,072 0.16 0.007*
rs976881 intron 12,168,020 0.15 0294
rs616645 intron 12,175,090 o 0747
rs474247 intron 12,180,441 0.37 0573
rs653667 intron 12,186,074 0.31 o
1s5746053 intron 12,196,564 0.16 0127
rs1061631 3 UTR 12,202,765 0.14 0.787
UBE3A 54906951 3’ downstream 23,126,764 0.02 0.740
rs12443207 intron 23,141,250 0.36 0.937
1512907375 intron 23,151,415 0.36 0.769
rs4906708 intron 23,169,072 0.36 0.701
157496951 I UTR 23,222,396 0.36 0.735

NOTE: SNP, single nucleotide polymarphism; UTR, untranslated region. * When reference SNP (rs) number is not available, assays-on-demand” assay
ID is shown. " chromosome position of SNP is fram the DBSNP build 124 in the database of the National Center for Biotechnology Information {http://
www.nabi.nim.nih.gov/). © Minor allele frequencies observed in control samples are shown. * Pvalues of x* test in allele frequency differences are
shown. Alternatively, * synonymous ¢SNP of CTDSPT gene, ' SNP in 3° UTR or ? SNP in intron of TMEMS508 gene, " SNP in intron of GLS gene,

' synonymous ¢SNP or ' SNP in intron of TEX72gene, * SNP in intron of ILTAL 1 gene, ' SNP in intron or ™ nansynanymous cSNP of STAT2 gene, " SNP

in 5" UTR or ® nonsynonymous c¢SNP of LTA gene, * SNP in intron of PLEKHGE gene.
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641A>G GIn214Arg  1094T>C Met365Thr  1573G>A Ala525Thr

PCR-seqencing IB7G>C Val129Val rs11575934 rs375947 rs11575935
i 684C>T Pro228Pro | 11320>G Gly378Arg stop+34C>T YUTR
rs17881902 rs401502 3746190

Figure 1. Structure of /L 12RB1 gene and location of the marker SNPs and identified cSNPs. SNP, single nucleotide polymorphism;

UTR, untranslated region.

Table 2. Genotype and allele frequencies of /IL12RBT641A/G, 1094T/C, 1132C/G and 1573G/A SNPs in TB patients and controls

IL12ZRB1 SNPs Controls 8 OR [95%CI] P -value {chi-square)
641A/G

Genotype frequency

AA 98 (38%) 23 27%)

AG 120 (47%) 41 (48%) 1.46 10.82-2 59| 0.20

GG 37 (15%) 22 (26%) 253 (1.26-5.08] 0.0078

Total 255 86

Allele frequency

A 316 (62 %) 87 (51 %]}

G 194 (38%) 85 (49%) 1.5911.12-2.25] 0.0087
1094T/C (1132C/G)

Genotype frequency

TT {GG) 96 (37%) 20 (23%)

TCIGC) 125 (48%) 44 (51%]) 1.69 |0.93-3.05] 0.080

cC(co) 39 (15%) 23 (26%) 2.83(1.40-5.73] 0.0032

Total 260 87

Allele frequency

TG 317 1B1%) 84 (48%])

c 203 (39%) 90 (52%) 1.67 [1.18-2.36] 0.0034
1573G/A

Genatype frequency

AA 110%!) 0 0%)

GA 15 {6%) 11 (13%)

GG 247 (94%) 76 (87 %)

Total 263 87

Aliele frequency

A 17 {3%) 11 {7%) 2.2310.93-4 40] 0.07

G 509 (97 %) 153 (93%)

NQTE: SNP, single nucleotide polymorphism; TB, tuberculosis.

were not significantly different between TB patients and
controls (Table 2). When TB patients were divided into
two subgroups according to the severity of lung disease,
the advanced subgroup (patients with moderately or far
advanced lung disease) showed prominent associations
with GG genotype (P = 0.0014) and G allele (P = 0.0015)
of 641 A/G SNP, and with CC genotype (P =0.00034)
and C allele (P = 0.00044) of 1094T/C or 1132C/G SNP
(Table 3). There were no significant differences in the geno-
type and allele distributions of 641 A/G (genotype,
P =0.48; allele, P=0.36) and of 1094T/C (1132C/G)

(genotype, P =0.14; allele, P =0.22) between men and
women of the control group (data not shown). Subse-
quent LD analysis of the four ¢SNPs spanning 12 kb of
IL12RB showed almost complete LD among 641 A/G,
1094T/C and 1132C/G SNPs (D’ = 0.95-1.00) and modest
LD between 1573G/A SNP and one of the other three
SNPs (D’ = 0.64-0.81) (Table 4). To investigate if a par-
ticular haplotype constituted by these cSNPs was associated
with the disease, haplotype frequencies were estimated
and association analysis was performed. As shown in
Table 5, the frequency of GCCC haplotype in TB patients
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Table 3. Genotype and allele frequencies of IL12RBT 641A/G, 1094T/C and 1132C/G SNPs in TB patient subgroups classified by disease severity

TB Mimmal lung P -value TB Advanced P -value

IL12RB1 SNPs Controls disease OR [95%Cl| (chi-square) lung disease” OR [95%Cl] {chi-square)
641A/G

Genotype frequency

AA 98 (38%) 13 {38%) 10 (19%)

AG 120 (47%) 14 {41%) 0.88 [0.39-1.96] 0.75 27 (52%) 2.21[1.02-4.78] 0.041

GG 37 (15%) 7(21%) 1.43 (0.53-3.85] 0.48 15 (29%) 3.97(1.64-963] 0.0014

Total 255 34 52

Allele frequency

A 316 (62%) 40 (59%) 47 (45%)

G 194 (38%) 28 141%) 1.14 [0.68-1 91] 062 57 (55%]) 1.97 [1.29-3.02] 0.0015
1094T/C (1132C/G)

Genotype frequency

TT (GG) 96 (37%) 12 {35%) 8 (156%)

TC (GC) 125 (48%) 15 (44%) 0.96 [0.43-2 15] 092 29 (55%) 2.78[1.22-6.36] 0012

CC(CC) 39 (15%) 7(21%) 1.44 |0.53-3.92] 048 16 (30%) 492 [1.95-12.4] 0.00034

Total 260 34 53

Allele frequency

TIG) 317 (61%) 39 (57%) 45 (42%)

Cc 203 (39%) 29 (43%) 1.16 [0.70-1.94] 0.57 61 {(58%) 2.12[1.39-3.23] 0.00044

NOTE Comparisons were made between controls and two subgroups of TB patients (minimal lung disease and advanced lung disease),
respectively. SNP, single nucleotide polymorphism; TB, tuberculosis; ®, moderately or far advanced lung disease.

Table 4. Pairwise linkage disequiibrium analysis for four non-
synonymous cSNPs of IL1ZRB1 gene

641A/G 1094T7/C 1132C/G 1573G/A
641A/G 0.95 095 064
10947/C 1.00 0.81
1132C/G 0.81

NOTE: SNP, single nucleotide polymorphism.
n =249 (control samples), evaluated by absolute D’ static.

Table 5. Estimated frequencies of haplotypes constituted by four
cSNPs of ILTZARB1 in TB patients and controls

Frequency
Controls B
Haplotype® (n=249) (n=86) chi-square P -value
ATGG 0.598 0.483 746 0.0063
GCCA 0.026 0058 385 0.022
GCCG 0339 0436 5.23 0.050
others® 0.037 0.023

NOTE: SNP. single nucleotide polymorphism; TB, tuberculosis
* Haplotypes constituted by 641A/G, 1094T/C, 1132 G/C and 1573G/A
* Haplotypes with frequencies < 0.03

was higher than that in controls with a marginal significance
(P =0.050), whereas that of ATGG haplotype was signif-
icantly lower in TB patients than in controls (P = 0.0063).

Because the genotype information of 1094T/C and
1132C/G SNPs in IL.12RB1 was available in the database

© 2007 The Authors

of International HapMap Project (http://www.hapmap.org),
haplotype frequencies of the two loci in different ethnic
groups were calculated and compared with those of our
subjects. The frequency of CC haplotype of 1094T/C and
1132C/G SNPs in TB group (51.7%) was significantly
higher than that in controls (39.0%) (odds ratio = 1.67,
P =0.0034), besides the frequencies in HCB (Han Chinese
in Beijing, China, 38.7%), CEU (Utah residents with ances-
try from Northern and Western Europe, 37.6%), supporting
association of this haplotype of IL12ZRB1 with TB.

Discussion

In a gene-based association study on 21 candidate genes
for TB susceptibility using SNPs as genetic markers,
we demonstrated that three non-synonymous ¢SNPs of
IL12RB1 were associated with TB in the Japanese popu-
lation in terms of susceptibility and disease severity.
Because direct association analysis using functional vari-
ants is limited by incomplete knowledge abour functional
variation at present, indirect association mapping using
marker SNPs has been considered to identify genes con-
ferring susceptibility to common diseases such as myocar-
dial infarction and rheumatoid arthritis (Ozaki et al., 2002;
Tokuhiro et al., 2003). We applied gene-based SNPs
mapping to screen 21 candidate genes for TB susceptibility
in the present study.

Two studies on Japanese population showed the asso-
ciation of SLC11Aland IL12RB1 with TB, respectively.
Gao et al. (2000) reported that a 5" promoter (GT), poly-
morphism of SLC11A1 was associated with active TB in
Japanese. On the other hand, Abe et al. (2003) found that
a SNP in intron 4 (rs3731865) showing strong LD with 5
promoter (GT), did not affect TB susceptibility in Japanese.
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In the present study, although rs3731865 was not avail-
able from Assays-On-Demand™ primer and probe sets,
an SNP (rs2290708) with a 2.4-kb distance from it
showed no association with TB (Table 1). Akahoshi et al.
(2003) reported that 641 A/G, 684C/T, 1094T/C and
1132C/G SNPs of IL12RB1 in almost complete LD were
associated with TB and one of the two common haplo-
types (GTCC) was significantly associated with TB. The
present study demonstrated a similar association as a
result of gene-based screening of 21 candidate genes. We
performed a haplotype analysis using different combina-
tion of SNPs including 1573G/A in exon 13 instead of
684C/T in exon 7. Although the difference in the frequencies
of GCCG haplotype between TB patients and controls
showed a marginal significance (P =0.050), that of the
protective haplotype, ATTG, was significant (P = 0.0063),
assuring the association between ILT12RB1 and TB sus-
ceptibility. Therefore, our study, together with the study
by Akahoshi et al. (2003), suggested that IL12RB1 poly-
morphisms, at least in part, confer genetic susceptibility to
TB in Japanese. When TB patients were divided into two
subgroups according to the severity of lung disease,
advanced subgroup of TB patients showed a prominent
association with 641 A/G, 1094T/C and 1132C/G SNPs
in the present study. Associations of HLA class IT antigens
and SLC11A1 gene with severity of TB have been reported
(Brahmajothi et al., 1991; Rajalingam et al., 1996; Kim
et al., 2005; Zhang et al., 2005). This is the first report
that suggests genetic variants of IL12RB1 were associated
with the progression to advanced forms of TB. In con-
trast, studies in Morocco and Korea did not demonstrate
any association between the same cluster of SNPs and TB
susceptibility (Remus et al., 2004; Lee et al., 2005). -2C/
T SNP (rs436857), one of the two SNPs reported to be
associated with pulmonary TB in the Moroccan study
(Remus et al., 2004), was included in the marker SNPs in
the screening step of the present study, but no differences
in the allele or genotype frequencies were observed
between TB patients and controls (P =0.157, Table 1).
The difference between Moroccan and Korean studies,
and Japanese ones including ours could be partly
explained by the hypothesis that distinct environmental
and natural selective factors resulted in population-
specific immunogenetic adaptations to clinical TB (Stead,
1992; Delgado et al., 2002). It is postulated that, in the
area where TB has been endemic for a longer time, survivors
were likely to be more resistant individuals. In the present
study, the frequency of the resistant allele of 1094T/C
(T allele) in controls was 0.61, which was lower than that
in Moroccan study (0.74) (Remus et al., 2004) and that
in YRI (Yoruba in Ibadan, Nigeria) from the database
of International HapMap Project (0.81).

To our knowledge, this is the first comprehensive asso-
ciation study of genes of IL-12/IFN-y axis for TB suscep-
tibility. IL-12/IFN-y axis plays a pivoral role in the killing
of intracellular mycobacteria. [L-12RBI1 encodes 1L-12
RB1, one of the two subunits of receptor for IL-12, and
is expressed on T and NK cells. Homozygous recessive
mutations in IL12RB1 preclude the surface expression of

IL-12RB1 and IFN-y secretion in vitro by otherwise
functional T and NK cells (Altare et al., 1998; de Jong
et al., 1998). The lack of IL-12-dependent IFN-y secretion
results in susceptibility to weakly virulent mycobacterial
species, such as BCG and NTM despite the formation of
mature granuloma through IL-12-independent IFN-y
secretion (Dorman & Holland, 2000; Casanova & Abel,
2002). One case of IL-12RB1 deficiency associated with
the susceptibility to Mycobacterium avium complex was
reported in Japan (Sakai et al., 2001). The penetrance of
IL-12RPB1 deficiency for the MSMD phenotype is esti-
mated to be less than 40% (Fieschi et al., 2003), suggesting
that the remaining patients could show different manifes-
tation caused by related pathogens, such as TB. It is
reported that patients with IL-12RB1 deficiency devel-
oped clinical TB in the absence of any personal or familial
history of clinical disease by weakly virulent mycobacterial
species (Altare et al., 2001; Caragol et al., 2003; Ozbek
et al., 2005). Akahoshi et al. (2003) demonstrated that
CD2+ lymphocytes from healthy subjects homozygous
for 641G, 1094C and 1132C haplotype corresponding to
GCCG haplotype in the present study had a lower level of
IL-12-induced signaling in vitro. Among the three ¢SNPs
with positive association, 1132C/G (G378R) has been
predicted to change the three-dimensional structure of the
extracellular domain of IL-12RB1 through affecting the
length of a predicted sheet (van de Vosse et al., 2003). It
is possible that this cluster of cSNPs is associated with
functional change of IL-12R and directly affects the
susceptibility to TB and progression of the disease in the
Japanese population. As for polymorphisms of genes
encoding 1L.-12, no association between rs3212227, an
SNP in the 3’'UTR of IL12B, and TB was demonstrated
(Ma et al., 2003). In the present study, both rs6870828
and rs2288831, which are located in the same LD block
asrs3212227 based on the database of International Hap-
Map Project, with 4.4 kb and 7.0 kb distance from it,
respectively, were not associated with TB (Table 1).

In the screening step, two marker SNPs of IL1B in
almost complete LD (rs3917368 in 3’ downstream and
rs1143643 in intron) showed a significant association
(P=0.002), as shown in Table 1. With respect to
rs3917368, advanced subgroup of TB patients showed a
prominent association with the G allele (P = 0.004) and
GG genotype (P =0.0084) (data not shown). Although
these SNPs are located outside the coding sequence, they
might be associated with genetic susceptibility to TB or
progression of the disease, through regulating the gene
expression and/or alternative splicing, or being in strong
LD with other functional SNP(s) in the non-coding region.
Further study is needed to examine this possible association.

Limitations in this study include the correction for
multiple comparisons and the power of the study to detect
significant association, both resulting from a relatively
small sample size. When Bonferroni correction was applied
to the analysis in the screening step by multiplying cut-off
value of 0.05 by 118, P values for the seven positive marker
SNPs turned out to be not significant, necessitating
confirmation by replication study. However, this study
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could serve as a replication of the previously observed
association between the functional ¢cSNPs and TB in the
same ethnic population (Akahoshi et al., 2003). Second,
the statistical power to detect an OR of 1.6 at 0.05 signif-
icance level using 86 patients and 265 controls was 0.59
when the minor allele frequency in controls was 0.4
{Dupont 8 Plummer, 1990). Therefore, negative results
on SNPs tested in this study do not necessarily exclude
their association with TB.

In conclusion, gene-based association study on 21 can-
didate genes suggested that genetic variants of IL12RB1,
at least in part, confer genetic susceptibility to TB, and are
associated with the progression of the disease in Japanese.
It would be warranted to examine whether the same asso-
ciation is observed in other ethnic groups.
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BH 2 PREFINPEERROBRAM, S8,
B, BRERERSKIZGIEX050A=05. £
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5 | G2x5hH FREER 22 | 19-64 | 353 14 8 20 1 1 0
6 | G5x6nH |OEx—4affE=3] 37 | 23-39 | 29.1 29 8 34 1 2 0
7 | G2x4nH =3t 43 | 19-70 [ 395 28 15 30 7 6 0
8 |G5x35nH8 EEMESH 55 | 22-687 | 421 34 21 36 |- 4 15 0
9 |G9x15nA Q%E 6 | 23-34 | 263 3 3 5 0 1 0
10 | G5x3nH 3 6 23-51 | 343 5 1 2 2 2 [i]
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o FEETITFHARNRATDH 5 HFEOmm K
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B b 5%d, QFT BiEEiaid, EREEN2E5-
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(SUMMARY) 357|502 4 SAER 0O M3 A BE 7c 15 3RS
MOmEEEE 2 Bl E, SHE L ESEENME(NTM)
LORTEEE2MIcoWT, BEEEEAMMREFRE
Fo hEHALT, BERETFEROBREEZRAL, T
TORIESRIC B L TRALHHEREFRERRSES
f, NTM BEFTREtEREFRITER L RIc L
REECH L TOEARENERR—RLL:. BEH
EXFERETRAES v b IIEEBREA S NTM B4
FloOBGCEEMCERTHL EHL NI,

(KEYWORDS) #£#H, RARtACTFRE, ¥
HIEB S, HREE, NTMEBEE

B IUHIC

BHEOERRZSABR AN 2 BT
L, WD EREERT 20K nikET
Ho, - HAHESEEOHE - SEETFHT 5
HIERED» D, BELEHSEZEABIRD SR T
3. Lo LEEONEBEEEEESITE, EEEEOR
WEIEEHOESEHE W 4 8EU OB EEL, &5
RS B RIE S W B L ORI AR
FTT 3w ARELEL, BEOERRZHAR
W, /MBI T ONERE Y HEETHET 5
LOTHD, FHHEHEHICIZFE S TH 480 L ORERH

BSWCHBEICT D, HWEEH T H 3 Mycobacteria I
Growth Indicator Tube(MGIT) % f\ - EREZHE |

HBTRABOHECHEATRAECHERSHEET S

B30, JERERIE IR (nontuberculous mycobacter- |

ia: NTM)BERCREEEO BRI TEZ 2L

feih, EHEREAIRSHRBER AR AN S |

3. %Ok FEEETHH % I TRE & 2 %
Lagiudisd, o REmcREEsETs
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%, PCR-SSCP#%Z Eddh 5 4%, WML FHEHPHE

OEES 2B, ZhbDhEEHREOICEAREC |
AuzdZ L iRELY, SEEESE, METHELE

Bl EERAM S E TR Y v &, BEBEE
MY 7L NTMEBESERICH L TERL,
FHRtOmSTEEA .
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* Evaluation of the anti-mycobacterial susceptibility tests using rapid detection of mutation in drug-target genes

for Mycobacterium tuberculosis - samples of culture-negative or contaminated with nontuberculous mycobacter-
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1. RPREB IR R

BUAN] 2B b OEBHE, EFEE
Gaftky 2 80BtE, 77V a7 =4 a1x27)
B A AR TR R (O LTI IRTF 4
w2 2V, MGIT, MIKY $#(t o7 v 7) &
bty ABRHIMD - 0 BE» S IR O
Y IABBLREho oz, EREFRELE
KL,

G723 LD b OBEME, EEER
Gaffky 1 E0BtE, 770V a7 <A a827Y
whA YNz o-—v AR, MGIT, /MIKY 5
e bICERRERRE. UBEARLLIAT, fhoE#SMARE
iz, RBEY 7o BB SRS, AR
ZUHBRE ML Tuatodd, FH L LRIl o
ERRZHERBRORRE RO N, L LEgEsR
EEEESRESLTBS T, ERLhVEnTH
ofzlzdh, MERETFRESEKL -, E6H 1 FEHkY
R F—TOY TN BTRTERERETH .

2. NTM RTERE

BEER A L 60 EX B EE R & O B IR S T R
EEWHLE M avium B E O 2EBREGETCH- 12, B
BEO&HEE—GHT 2 O SX RN nn Y, RE
REAREERABRICED LV I Lo, HEREGTHR
HEEERLI.

BEHE B [ 88 I A MRS S A R > & O R 53 M W k.
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Bl A kERRIC, BEBEERMA IR D OMESLE
Lotzted, MERETHRELZTIZ L Lk,
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OligoArray-TB(HHE#H) X DNA~Af 707 b A
ZIGH L - HEAMEE R FE R o R HE T
H3Y. ETT7VvA LCEEBERES X, EXFRME
HECLBEZDNAA Y Sv—BhohUnBEESsL
TEY, BEL L EKEEIv=——nomB L
DNA ZfwT, 53 285 F#E % PCR THIE
L, PCREWEEDNET V4 LOBES VT -t %
NATVFAE—2artsd, ZLTIAATYVI4Z
LB 2 b3 REL TRIEL, REOBFICEDE
EEOFHECEAMEORRLHET 2. Ml-alkc
DNARAZu7VvA kDO F v+ FFr—F VTR
AF FORBETT,

74 /A LiPA Rif TB(=70) 3#B&E » & Hi,

Migshizt4F{LDNA 2BV, EHEEED
mpoB MIEFHOER % E 7 % Line Probe Assay
THZY, WEEO A o—7 2@ LA ) v 7
W NaOH ZH Uk 2 HmmL T, A 7V ¥ 14 X
T2, ik, EAF-TEIAHEETY, £E
(NBT/BCIP) v ic ARG &, BESEEL
7o —7HurRELaT s, RALE o -7 0B
6, WEEEBEOBREL S I poB BIETFHOER
OHBMOHEERTS, H1-bcHIEREO#HNE %
Y.
EREBMEHREC DL TIHEEHERERE [F+ ¢
U7 TBl (Fo»X)eBwTRAERfTo . %
FEEHABRE LT, “=F 0" NiBEREH Y
Ny ZRMS(BERE - =Y =) rFuy
MGIT 960 &5 # B % & &% 2 ¥ 8 & B (MGIT-AST
BIHERI b - TavFry ) 2EHLIE,
P71 BLIU2RABEEShIEHRSEOLE
ollz®, EHRSUFEBRIEETE S, M
FREOAT-o. Bk A, Bit2oWwTid, NTME
ERE L, BICH—SREE WSRO A it
WETFHRESFEML, SRR LT3R
BEMABR AT, ¥ NTMBEEK -5
BEEHR I DWIR—ORBEE TH S I L 23T 57
®1iZ IS 6110-RFLP Wt & EMi L 7=,

B ER

71 id OligoArray-TB T, V77>
Y(RFP)EA PV 7 b4 &> (SM)TEECHIA U
v EOHNFED SN, RFP-SMEttE L HE S h
z. 74 /A LiPA Rif TB T, LRSS Fo—
THREL, AFCERBRS Fu—IZREVTED
51, RFPtEEHEE N (H2),

#2702 1 OligoArray-TB i T, 41 V=7 ¥ F
(INH) BRZHETA ) ITv - KEHR 5 h, SMR
HEYA ) I - HEIRDH shI-1-H, INH-
SM it L HIEE hic., 74 /A LIPA Rif TB Tt
OligoArray-TB [Efk\c, RFPEZMH L HEFE s iz
(A2),

NTM & € B £k A 1%, OligoArray-TB & T INH
R4 ) I+ — K48, SM R4 ) T+ —
B2y, INH- SMtEEHEZ A, 72 M.
avium FEA ) T —ICBEBBR SN, M. avium O
REVHER SNz, ZORE DL EEERD,
NTM BEFEHE & FERC INH - SMIHEOBERTH
-7:(®3). 74 ./ ALiPA Rif TBTH, NTME
fEHitR, WERE—BERRE biC npoB BEHE 70
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@ Tuberculosis BRI A+ 1) T
@ Tuberculosis BRI+ T
@ avium BER AU I
@ avium BRI

X H (NBT/BCIT) B&s

PhHNIT3 X I pR—H

ArLTLTES

HEENsRy

Bt7o0-7 “‘i!l|l"'

B4 SO-7
(WT)
D516V-R2
) H526Y-Rda "_
E¥RYTIO-7 H5260-Rab ",

N\~ S531L-R5

ZbUnd

1 #EEOEAERETRES Y b
a ! OligoArray-TB(EI&EE), b: 74 / Z LiPA Rif TB(= 7w ¥
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IETTT TRl

2 EEEBHERAES S ORERIETRENRER

a : OligoArray-TB ¥IE#&S$. a-1: %> 7 1(RFP, SMfitt), a-2: 4> 7w 2(INH, SM i),

a-3 : ESEEIEAER SR H 37 Rv (BBt ES Control), b: 7 4 /% LiPA Rif TB O¥ZERE, 1 RFP@E(H 7 1),
2 . RFP B4 (%> 70 2), H 37 Rv : ftEEIG Control.

F3 NTM BFEZEHE S 5 OfthEEFREAEER
a BEHESEHTRISEE A 550 DNA, b: NTM(M.  aviem) BIEFFRH A 50 DNA, ¢ SHEESBETRERK
B & ®@ DNA, d: NTM(M. intracellulare) BIERFER B 7 50 DNA,
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4 1S6110-RFLP BRATEER

A KBEEIBEREEKA » 5D DNA,

B:NTM(M.

avium) BERFEEA > S5 O

DNA, C:EEHITEEREREB» 5O
DNA, D:NTM(M. intracellulare) I 15 R B
BB»5ODNA, E:SHEHFEREEKHI

Rv.

%1 EABRSUHEBRER ARG TRESROLE

—FicREHED Sh, RFPESZM LHES L,
EHRZFMHAR e OETIR, YAty 7,
MGIT-AST & & &2 INH, SM ittt & ¥5E & h,
ARG TFHERSR LR —TdH > 72, 1S6110-RFLP
B TCREAL Y —>ThH0, BEERiEROSEEILHE
—OEBETHLEFZONZ(HAY),

NTM BE & B i, OligoArray-TB 2T 5 ##l
BRMETA ) T - RABR S EHIRZE LA
EENhT, EEEE—SEEEK D NTM BER KR
icefR2ETHo R (E3). 74/ ALPA Rif
TB Tit, NTM BB, SEEE—-SMREERE D
i »poB B2t 7o — 7T RadiF 5 h, RFPE
ZHLHES L, ERRZERARTIR, vty
Z7¥, MGIT-AST gt bic2EAREM LHE2 N
7z. 1S6110-RFLP BRERbEUL ¥ —>ThD,
EEEA LA HENEOFEERR—&%TbHo L
Fzohz(H4),

BRI 11 B 3 2 SRR BB L
BEFRES v PORETE, SRRSHEES #lx
HUICEEEEEREBE HIT Ry 3T UNt&ET
BEYy P CTRIHEEHE S h, W6 flIZE
FIREZHHABER L F CERSHERE FHRES v b
THHMRTE-(R]).

B EE

BRI BTS O TREME DS E { BEVBETH 21T
Lirhbod, EENES L THEMECL S R VES

FEHIE 2R il s T MR T
Sample S I OligoArray- i AR o
B S TB LiPA Rif TB | /¢#—>
Control* S S S S
1 S S S 8
2 S 8 S S
] S S S S
4 S ) S S
5 S S S S
6 R(INH, RFP) R(INH, RFP, KM) R(INH, RFP, KM) R S1ki#
7 R(INH, RFP, EB, SM)| R(INH, RFP, EB, SM) | R(INH, RFP, EB, SM) R S5 XRS5
8 R(RFP) R(RFP) R(RFP) R S5 KRS
9 ) R(INH, RFP) R(INH, RFP) R(INH, RFP) R S4K#ER4D
10 R(INH, RFP, EB) R(INH, RFP, EB) R(INH, RFP, EB) R S5/XEBRS
11 R(INH, RFP, EB) R(INH, RFP, EB) R(INH, RFP, EB) R S5XK#ERS

S I anti- Mycobacterium tuberculosis drugs susceptible (isoziazid (INH), rifampicin (RFP), ethambutol (EB),
kanamycin (KM), streptomycin (SM))

R : anti-Mveobacterium tuberculosis drugs resistant
* 1 Mycobacterium luberculosis BRAEEHE H 37 Ry
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