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KEYWORDS Abstract  To test our hypothesis that diesel exhaust particle (DEP)-induced oxidative stress and host
NrfZ; antioxidant responses play a key role in the development of DEP-induced airway inflammatory
Diesel exhaust particle; diseases, C57BL/6 nuclear erythroid 2 P45-related factor 2 (Nrf2) knockout (Nrf2™’ ") and wild-type
Cytokine; mice were exposed Lo low-dose DEP for 7 h/day, 5 days/week, for 8 weeks. Nrf2™/~ mice exposed to
Airway low-dose DEP showed significantly increased airway hyperresponsiveness and counts of lymphocytes
hyperresponsiveness; and easinophils, together with increased concentrations of IL-12 and IL-13, and thymus and activation-
Eosinophils; regulated chemokine (TARC), in BAL fluid than wild-type mice. In contrast, expression of antioxidant
Mouse model enzyme genes was significantly higher in wild-type mice than in Nrf2”'~ mice. We have first

demonstrated that disruption of Nrf2 enhances susceptibility to airway inflammatory responses
induced by inhalation of low-dose DEP in mice. These results strongly suggest that DEP-induced
oxidative stress and host antioxidant responses play some role in the development of DEP-induced
airway inflammation.

© 2008 Elsevier Inc. All rights reserved.

Introduction (ozone, carbon monoxide, sulfur dioxide, and nitrogen dioxide)
and particulate components, it has been shown that particu-
lates, particularly PM10 (particulate matter with diameter less
than 10 um), are more relevant to many disorders. Currently,
much attention is being focused on PM2.5 in relation to adverse
N health effects. Diesel exhaust particles (DEP) are the major
* Corresponding author. Fax: +B81 424 92 4600. component of PM2.5, and therefore the relationship between

E-mail address: sugawara@jata.or.jp (I. Sugawara). PM2.5 or PM10 and some diseases has been investigated

Air pollution is associated with increased mortality and mor-
bidity. Although air pollutants include both gaseous components

1521-6616/5 - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/§.clim.2008.05.005
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intensively [1-5). The roles of reactive oxygen species (ROS)
generated by exposure to DEP and the subsequent generation of
the oxidative stress response have been emphasized through in
vitro experimental studies [6-11]. These findings suggest that
DEP induce activation of transcription factors and that ROS may
play an important role in these processes. Thus, imbalance
between oxygen stress/proinflammatory proteins and antiox-
idant proteins may be a key player in the development of
hazardous effects. However, it is still not fully clear whether
oxidative stress caused by inhalation of DEP leads to airway
inflammation and airway hyperresponsiveness in vivo.

We have shown previously that continuous low-level
exposure to DEP (100 pg/m* for 7 h/day, 5 days/week) sig-
nificantly augments AHR and Th2-type cytokine/chemok-
ine gene expression in murine asthma models [12]. Studies
using two different mouse strains have demonstrated a dif-
ference in susceptibility to DEP exposure between them, and
suggested that certain antioxidant enzymes may play an im-
portant role in susceptibility, C57BL/6 mice being more
sensitive to low-dose DEP exposure than BALB/c mice [13,14].

Nuclear erythroid 2 P45-related factor 2 (Nrf2) is a redox-
sensitive basic leucine zipper transcription factor that is
involved in the transcriptional regulation of many antioxidant
genes. The Nrf2-regulated genes in the lungs include almost
all of the relevant antioxidant enzymes, such as HO-1 and
several members of the GST family [15]. Therefore, to clarify
whether or not oxidative stress and host antioxidant defenses
play a central role in the pathogenesis of lung disease, seve-
ral disease models using Nrf2 " mice have been studied,
including ovalbumin (OVA)-induced asthma [16], bleomycin-
induced lung fibrosis [17], and cigarette smoke-induced
emphysema [18]. It is reported that oxidative stress is in-
volved in the development of DEP-induced airway inflamma-
tion [6-11] and that Nrf2 is also a key transcription factor
that regulates antioxidant and defense action against the
proinflammatory and oxidizing effects of DEP in vitro [9,11].
Furthermore, DNA adduct formation has been shown to
be accelerated in the lungs of Nrf2"/~ mice exposed to DEP
(3 mg/m? for 4 weeks) [19]. However, no study has yet utilized
Nrf2 /° mice to examine the pathogenesis of airway inflam-
mation induced by low-dose DEP.

To test the hypothesis that DEP-induced oxidative stress
and host antioxidant responses play a key role in the de-
velopment of DEP-induced airway inflammatory disease in
vivo, we conducted the present study using C57BL/6 Nrf2 /-
and Nrf2*/* mice, and examined airway inflammatory res-
ponses and host antioxidant responses to low-dose DEP (i.e., at
concentrations similar to those inhaled outdoors) exposure.

Materials and methods

Animals

Nrf2-deficient C57BL/6 mice were generated as described
by Itoh et al. [20]. Mice were genotyped for Nrf2 status by
PCR amplification of genomic DNA extracted from the tail
[21]. PCR amplification was performed using three different
primers:

Nrf2-sense for both genotypes: 5'-TGGACGGGACTATT-
GAAGGCTG-3'

Nrf2-antisense for wild-type mice: 5'-GCCGCCTTTTCAG-
TAGATGGAGG-3’

Nrf2-antisense for LacZ: 5'-GCGGATTGACCGTAATGGGA-
TAGG-3'.

Amplification was performed using 30 cycles of 96 "C 205,
59 “C 305, and 72 "C 45 5. The wild-type allele produces a 734-
bp band, while the knockout allele produces a 449-bp band.
Mice were housed under specific pathogen-free (SPF) condi-
tions with controlled temperature and lighting (23+2 "C, 12h
light/dark periods). Age-matched 6-week-old female mice
from the same litter were placed into chambers under same
controlled conditions and exposed to DEP. All procedures
conformed to the National Institutes of Health (NIH) guidelines
for the care and use of laboratory animals.

DEP exposure

The in vivo DEP exposure system has been described pre-
viously [22,23]. The concentration of DEP was monitored and
kept low (approximately 100 ug/m?). C57BL/6 Nrf2 / and
Nrf2'/* mice were exposed to DEP for 7 h daily, 5 days a
week.

Experimental protocol

Nrf2"" and Nrf2*/* C57BL/6 mice were exposed to low-dose
DEP or clean air (SPF) for 8 weeks. AHR was measured in all
experimental groups immediately, and mice were sacrificed
on day 56 of exposure to DEP or clean air in all experimental
groups. We examined the histopathology of the lung tissues
and the cell populations in BAL fluid. We also measured the
concentrations of inflammatory cytokines and chemokines in
the BAL fluid and the IgE, 18G; and 1gG;, levels in the serum.
We also examined the gene expression of antioxidants in the
lung tissues.

Determination of AHR

Airway hyperresponsiveness was assessed by whole-body
plethysmography with a free-moving application (Buxco
Electronics, Troy, NY) [24] in accordance with a previously
published procedure [12,13].

Histological analysis

For histologic examination, 10% formalin-fixed lung tissues
were embedded in paraffin, cut into sections, and stained
with hematoxylin and eosin (HE), and periodic acid-Schiff
(PAS). Histopathological changes were examined using a light
microscope (Eclipse EBOO, Nikon, Tokyo, Japan).

BAL and cell differentials in BAL fluid

BAL was performed as described previously [13,14], and the
total number of cells in the BAL fluid was counted with a
hemocytometer. For differential counts of leukocytes in
BAL fluid, cytospin smear slides (Lab Systems; Tokyo, Japan)
were prepared and stained with Diff-Quick Romanowski stain
(Muto Kagaku Cao., Tokya, Japan).
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Figure 1  Airway hyperresponsiveness was assessed by whole-

body plethysmography with free-moving application and then
evaluated by Penh values in response to inhaled aerosolized
methacholine (0, 6, 12, 24 mg/mi). The X axis shows the
concentration of methacholine (mg/ml); the Y axis shows the
values of Penh. ***, wild-type mice; ', Nrf2 knockout mice. Results
are means 5D of data in each group (n=16). *p<0.05 Nrf2""~ mice
vs Nrf2"’* mice at each methacholine concentration point.

Measurement of cytokines/chemokines in BAL fluid

Immunoreactivity for IL-12, IL-4, IL-13, MCP-1, eotaxin,
RANTES, and TARC in the BAL fluid supernatants was measured
with an enzyme-linked immunosorbent assay (ELISA) kit (Bio-
source International, Inc., Camarillo, CA). ELISA was carried
out in accordance with the manufacturer's instruction sheet.
Each sample was assayed in triplicate.

Measurement of 18G,, 1gGz,, and IgE in serum

Immunoreactivity for 18G,, 18G;, (Cygnus Technologies, Inc.,
Southport, NC), and IgE (Bethyl Laboratories, Inc., Montgom-
ery, TX) in the serum was measured with an ELISA kit in
accordance with the manufacturer’s instruction sheet, Each
sample was assayed in triplicate.

Quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted from the lung tissues with TRizol
Reagent (Gibco BRL, Gaithersburg, MD) in accordance with
the manufacturer’s instructions. Complementary DNA (cDNA)
was synthesized as described previously [25] and quantified
with a sequence detector (7900HT Sequence Detection
System; Applied Biosystems) using PCR Master Mix and the
respective inventoried primers including a [5-actin control
(TagMan Universal PCR Master Mix, Applied Biosystems).
TagMan assays were repeated in triplicate samples for each
of the selected antioxidant enzyme genes in each lung
sample. The mRNA expression levels for all samples were
normalized to the level of the housekeeping gene [i-actin.
Selected antioxidant enzyme genes and their assay ID were
as follows: glutamate-cysteine ligase, modifier subunit
(GCLm, Mm00514996_m1), glutamate-cysteine ligase, cata-
lytic subunit (GCLc, MmO0802655_m1), glucose-6-phosphate
dehydrogenase X-linked (G6PD, Mm00656735_g1), glu-
tathione-S-transferase, alphal (GST-a3, Mm00494798_m1),

glutathione-S-transferase m1 (GST-M1, mMm00833915_g1),
glutathione-S-transferase pi2 (GST-P2, MmO00839138_g1),
heme-oxygenase-1 (HO-1, MmD0516004_m1), superoxide
dismutase 2 (SOD2, Mm00449726_m1), glutathione reductase
1 (GSr, Mm00833903_m1), and p-actin (Mm00607939_s1).

Statistical analysis

Results are shown as means=standard deviation (SD). Dif-
ferences between groups were determined by Student’s
t test using the Stat Mate |ll software package (ATMS Digitals
Medical Station, Tokyo, Japan). Differences at p<0.05 were
considered significant.

Results

Assessment of changes in AHR in response to DEP
exposure

To examine airway responses to low-dose DEP in Nrf2/
mice, we first assessed AHR (as expressed in Penh) using
whole-body plethysmography.

Exposure to DEP significantly increased the airway reac-
tivity to methacholine (6, 12, and 24 mg/ml) in Nrf2 / mice
compared with Nrf2*'* mice (Fig. 1).

Lung histopathology

The histological specimens revealed no change in response
to DEP exposure in Nrf2*’* mice (Fig. 2), but PAS staining-
positive mucus cell hyperplasia was evident in Nrf2 '~ mice
(Fig. 2B). There were no inflammatory cell infiltrates in
either Nrf2*/* or Nrf2 /" mice.

BAL cell differentials

Examination of the BAL fluid showed that the total number of
cells and the number of macrophages were significantly lower
in Nrf2 ' mice than in Nrf2'/* mice. The numbers of lympho-
cytes and eosinophils in the BAL fluid after DEP exposure were
significantly higher in Nrf2~/~ mice than in Nrf2*/* mice (Fig. 3).

Cytokine/chemokine levels in BAL fluid

The levels of IL-12 and IL-13 in BAL fluid after DEP exposure
were significantly higher in Nrf2 '~ mice. The level of IL-4 in
BAL fluid did not change significantly after DEP exposure
ineither Nrf2*/* or Nrf2 / mice (Fig. 4A). The level of TARC in
BAL fluid after DEP exposure was significantly greater in
Nrf2 /" mice than in Nrf2*/* mice. The levels of monocyte
chemoattractant protein (MCP)-1, regulated upon activation,
normal T expressed and secreted (RANTES) and Eotaxin in
tBAL fluid were not changed significantly after DEP exposure
in either Nrf2*/* or Nrf2 "/~ mice (Fig. 4B).

1gG;, 18G5, and IgE levels in serum

There were no significant changes in the levels of IgE, 1gG,
and 18G,, in serum after DEP exposure in either Nrf2™/" or
Nrf2 /" mice (Fig. 5).
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Figure 2  Histopathology of the lung tissues. Lung sections stained with HE and examined by light microscopy (100x) (A). Lung

sections stained with PAS and examined by light microscopy (200x) (B). The arrows indicate the PAS-positive cells.
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Figure 3  Changes in total cells and differentials in BAL fluid. The smear preparations in BAL fluid were stained with Diff-Quick
Romanowski stain. Results are means +SD of data in each group (n=6). *p<0.05 Nrf2™'" mice vs Nrf2™'* mice.
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Figure 4
solid bar, DEP group; *'*, wild-type mice;
mice vs Nrf2™"" mice.

/

Induction of antioxidant enzyme genes in
lung tissues

Changes in the expression of mRNA for various antioxidant
enzymes were determined by real RT-PCR. After DEP

Cytokine (A) and chemokine (B) levels in BAL fluid as evaluated by ELISA. Clear bar, no DEP (not exposed to DEP) group;
, Nrf2 knockout mice. Results are means +5D of data in each group (n=6). *p<0.05 Nrf2’ ¢

exposure, the respective fold changes in mRNA expression
in the lungs of Nrf2*’* and Nrf2 ' mice were: GCLm (3.4 vs
1.8), GCLc (5.5vs 2.1), G6PD (18 vs 7.8), GST-a3 (7.4 vs 1.6),
GST-M1 (6.2 vs 1.3), GST-P2 (6.4 vs 2.1), HO-1 (11.8 v5 6.9),
SOD2 (17 vs 9.1), and GSr (8.8 vs 5.9) (Fig. 6). Thus, gene
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Immunoglobulin levels in sera evaluated by ELISA. Clear bar, no DEP (not exposed to DEP) group; solid bar, DEP group; s
'~ Nrf2 knockout mice. Results are means +SD of data in each group (n=6).
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Real-time RT-PCR for genes of various antioxidants in the lungs. Clear bar, no DEP (not exposed to DEP) group; solid bar, DEP

group; *'*, wild-type mice; ', Nrf2 knockout mice. Results are means + SD of data in each group (n=3). “p<0.05Nrf2" '~ mice vs Nrf2*"*

mice.

expression of various antioxidant enzymes was significantly
increased in Nrf2*’* mice compared with Nrf2 / mice.

Discussion

The present study using Nrf2 gene knockout mice revealed
for the first time that disruption of the Nrf2 gene enhanced
susceptibility to airway inflammatory responses induced by
inhalation of low-dose DEP. Nrf2 "/~ and Nrf2*/* C57BL/6 mice
were exposed to low-dose DEP (i.e., at concentrations
similar to those inhaled outdoors) for 8 weeks, and in
Nrf2 ' mice significant increases of AHR, numbers of
lymphocytes and eosinophils, and levels of IL-12, IL-13 and
TARC in BAL fluid were observed in comparison with those of
Nrf2*’* mice. In contrast, gene expression of antioxidant
enzymes was significantly increased in Nrf2*/* mice in com-
parison with Nrf2 ' mice. As the magnitude of gene in-
duction of these antioxidant enzymes was considerably
higher in Nrf2*/* than in Nrf2 /~ mice, it was clearly asso-
ciated with the activation of Nrf2 in response to DEP-induced
lung inflammation.

We assessed airway hyperresponsiveness (as expressed by
enhanced Pause values (Penh)) by whole-body plethysmao-

graphy. Penh has been used in an experimental mouse model
to evaluate airway hyperresponsiveness [26-28]. Exposure
to DEP increased airway reactivity to methacholine more
significantly in Nrf2 / mice than in Nrf2*’* mice. Our pre-
vious study showed that the changes in Penh induced by
methacholine were significantly greater 1 week after DEP
exposure in C57BL/6 mice, but that Penh recovered to the
baseline level by 8 weeks after DEP exposure, and the changes
in AHR were independent of the airway inflammation caused
by oxidative stress derived from low-dose DEP expaosure [13].
The current data suggest that AHR may increase with oxi-
dative stress induced by continuous, long-term (longer than
8 weeks) exposure to DEP in wild-type mice. PAS-positive
mucus cell hyperplasia was found only in Nrf2 ' mice,
without destruction of the airway epithelial cells in the lung
tissues. Although it has been confirmed that AHR increases
with oxidative stress induced by DEP exposure, the mechan-
ism by which AHR increases in Nrf2 '~ mice is still unclear. It .
is speculated that, in this system, the changes in AHR caused
by low-dose DEP may depend on the genetic strain of mouse
employed, as reported by Depuydt et al. [29]. Our results
suggest that Nrf2 plays a key role in regulation of AHR in
oxidative stress caused by DEP exposure.
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The total numbers of cells and macrophages in BAL fluid
were significantly decreased, and the numbers of lympho-
cytes and eosinophils were significantly greater, after DEP
exposure inNrf2 ' mice than in Nrf2"/* mice. It is interesting
that the changes in these differential cell counts in C57BL/6
Nrf2 /" mice 8 weeks after DEP exposure were similar to those
previously reported in C57BL/ 6 wild-type mice 6 months after
DEP exposure [14]. IL-12 influences the cytokine profile after
T-cell activation [30]. Eosinophil recruitment into inflamma-
tory sites is a complex process regulated by a number of
cytokines including IL-13 [31]. Our findings suggest that IL-13
may be involved in eosinophil recruitment into the airways of
Nrf2"’" mice after DEP exposure, possibly indicating the
presence of novel lymphocyte-directed chemokines [32,33].
We found that the level of TARC, but not that of eotaxin or
RANTES, was significantly increased. Dias-Sanchez et al. have
suggested that the effects of DEP on cytokine/chemokine
expression are not global or non-specific [34]). Among these
CC chemokines, TARC was the first one shown to selectively
chemoattract T lymphocytes [32]. TARC was subsequently
identified by induction of T-cell chemotaxis, especially in
Th2-type CD4" T lymphocytes [33]. TARC is a pivotal
chemokine for the development of Th2-dominated experi-
mental asthma with eosinophilia and AHR [35]. Our present
results indicate that TARC is also an important chemokine in
the development of Th2-dominated oxidative stress-induced
airway inflammation after DEP exposure.

Although it is reported that the effects of DEP-induced
oxidative stress initiate and exacerbate airway allergic res-
ponses through enhanced IgE production [36,37], in the low-
dose DEP exposure systems, no remarkable changes in IgE
were evident in serum of Nrf2 '~ mice after DEP exposure.

Inresponse to DEP exposure in the present study, there was
increased induction of antioxidant enzyme mRNA in the lungs
of Nrf2"/* mice, v GCLm and GCLc are involved in glutathione
(GSH) synthesis. GSH is the major intracellular thiol anti-
oxidant that acts directly as a ROS scavenger. The G5H redox
system plays a critical role in determining intracellular redox
balance and antioxidant function [38]. GSR uses quinine oxi-
doreductase 1 (NADPH) for regeneration of reduced gluta-
thione, G6PD, the enzyme involved in NADPH regeneration,
was also considerably induced in Nrf2*/* mice in response
to DEP. Our data clearly show that Nrf2 regulates several
antioxidant enzyme genes that block oxidative stress and
inflammation induced by DEP. The mRNA expression of other
Nrf2-regulated antioxidant enzymes including G5T-a3, GST-
p2, GST-M1, SOD2 and HO-1 also increased in the Nrf2*/*
mice. Our data indicate that Nrf2 deficiency results in re-
duced gene expression of antioxidant enzymes that block
oxidative injury, leading to enhancement of inflammatory
cell activity and AHR.

It has been reported that the pathogenesis of allergic
asthma is related to oxidative stress [16]. In conjunction
with allergens, DEP act as an adjuvant to enhance allergic
responses such as expression of cytokines/chemokines and
increased AHR [12,39]. It is conceivable that DEP exaggerate
allergic asthmatic responses, and that the responses result
from oxidative stress induced by DEP expaosure.

In this study we showed for the first time that disruption
of the Nrf2 gene facilitated susceptibility to airway inflam-
matory responses induced by inhalation of low-dose DEP
fn mice. These results strongly suggest that DEP-induced

oxidative stress and host antioxidant responses play a key
role in the development of DEP-induced airway inflamma-
tion, and may contribute to exaggeration of lung diseases
related to oxidative stress such as allergic asthma.
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Table 1 Probe sets used for the Invader assay

Set no, FAM dye Redmond RED dye

1 M. tuberculosis complex None
2 M. avium M. kansasii/M. gastri
3 M. intracellulare M. chelonae (ITS-1)
4 M. abscessus /M. chelonae Genus Mycobacterium
5 M. scrofulaceum M. gordonae
6 M. fortuitum M. farcinogenes complex”
7 M.peregrinum/[M. septicum M. porcinum complex”
8 M. terrae M. nonchromogenicum group*
9 M. xenopi M. intermedium

10 M. simiae (ITS-1) M. lentiflavum

11 M.riviale M. szulgai

12 M. gastri (ITS-1) M. marinum/M. ulcerance

13 Broad-range bacteria M. scrofulaceum/M. parascrofulaceum (ITS-1)

*M.farcinogenes, M. senegalense and M.}

*M. porcinum, M. boenickei and M. neworleansense

‘M. nonchoromogenicum, M. terrae, M. hiberniae and M. arupense
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0.4 nmol f# fi L 7z, MIE X, GeneAmp PCR System 9700
H—=HL 25— (FTT7FAFRLFLATLX) &
By, 95T 8 srMonik, 94T308, 60T 308, 72T4s
WEISHL 7 MTIZEIZE 2T, 165 IRNARIETFD
SHMOBLESOBEELMIEL 2. PCREWE 3% T #
o—ZWHRKE CHER L -, AMPureKit (73 = 23—
}F) ZHEWTDNADOHMBET e #4200 —2
» A2, Big Dye terminator v1.1 cycle sequencing kit (77
FAFA4F L ATAKX) ERWTAT o7 CleanSEQ
Kit(7¥zva—=}) THWTHBELAHE, 31307 =
FTA 9L TFIFAF—(TTIFAFIALFTIATLI)
L D@ S h/-1EERY) 7 — ¥ % Ribosomal Differentiation
of Microorganisms*" (RIDOM; hup://www.ridom-rdna.de/)
ZTHRELES, EREERS2UE-RL2-EHT
#HFER L2 TOBEMELTREL D, 28,
RIDOM 7— # X— Z THHE L - R R, Lk L 98.5%
BE-BTHrEMIHFEL 2D o8 dobwid
RIDOM 7= # X—ALBRShTwiEVWEEASREDLI
7122w Tid, Genbank (BLAST; http//www.ncbi.nlm.
nih.gov/BLAST/) 2V THRFL, EHHkL 985% LI E
—F g THEtR L EZOEME LTREL .
(6) M. gordonae @ rpoB BizT 7 PCR WIREE KR

— 167 ==

Invader & T M.gordonae LRI E S - B HkRIZ2W T,
FERODHEDIZR LT poBORIETRERE L
PCRUIVER I & WIBIARE X Haell THILL 7218, 3% 7 4
U—ARAKBO 7S ¥ A bRy —YIZLDA-B-
C-DHEVIEFORDIF A —|2FHLT,

& E 3

(1) Invaderit * DDHEOE RO L

DDH#TIE, | B HDOMETE6HP S (803%)
OFEHN, £/, EOHBOMELXEBTAILIZED
S80%k (912%) FCRIENTRTH -7z LI LEH
5, FEEMLER LORBEORRS Z Vi 2FENF—H
LswibEE LA, —7, Invaderik Tl6364:H 615
# (96.7%) PEETHRTH - 720 Invader i THMEH
Bt o8 BBV 628 BICBVT, MRZEED
#HRDO—HHI287.7% (551/628) THhHo7: (Table2).

(2) Invaderik & DDHEOEEH ROFEEIZOVT

Invader i T M.avium & %\ 12 Mintracellulare & [} € &
N7:4008%D 9 5, DDHETHREN—H L ko724 O
ISKRTFTEL 7 (Table 2)o CHHEDOHOT ¥ 7Y T
PCREBIUT X2 70— 7HE0O#RE, Invader ED
FBRETAT—HLA (Table3),

Invader i T M.gordonae L FIEE S L 7: 688 D 5 B,
DDH ik T M. gordonae & [ % & 1L 7= D 133488 (50.0%)
DHRTHD, 298ILFEEFGE, 5#Hi: M gordonae LAt
OEMIZFAEENR (Table2)s T 5688D rpoBlk
EFIZDOWT RFLPRIF A Tl B, 27FAF—A
ok, FFAY—BA 12K, TR T — CHI6HK,
73 Ay —-DHHRBEDHLN, TOMDNS—YEFR
Li-bod stk (¥ —YE4kk, N¥—VFIR) HE
AN/ (Tabled): #F A% — AD9HIZT~~TDDH
T M.gordonae E RIE S Wiz, D2 FA%—H5b
Wity —vicgEshEoREICIEHESE
FREDHLNE A o7z —T, M gordonae @ B HEH
T & b ATCC14470" & ATCC3575612 & & IZDDHET
M.gordonae X FIE S, rpoBDRIGFHRIXZ 75—
ATHoT

M. lentiflavum 12, 636 HEP 148k (229%) ICHMH st
(Table 2). Z @ 146D 5 & 7 ¥kit, DDH T M.simiae,
M.intracellulare & %\ X M. formuinm \Z R € S L7z %
B, TOTHEIRTAT, 16SRNAREZFOY—2 1>
AWEHT T M. lentifiavum & [F5E 7z (Table 3).

DDH #: T M. scrofulaceum L ]| E £ 7= 5D 5 3
¥ (2, Invaderik T M. parascrofulaceum & FISE & 11, 168
RNA B {ZF Top500 D 2 51 12, BLASTREIZ X I M
parascrofulaceun @ ¥ H# W ¥k ATCCBAA-614" @ AL 7
(Accession No. AY337273) £E2Ic—3 L7 (Table 3).
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Table 2 Comparison of the identification results obtained by Invader assay and DDH method
Testing by DDH method
Mycobacteria identified by No, of strains ~ No. of strains
Invader assay with agreed  with discrepant Identified as
results resulls
M. avium 266 13 M.intracellulare (4), M.terrae (1), Unidentified (8)
M. intracellulare 119 2 M. avium (2)
M. gordonae 34 34 M. gastri (3), M. szulgai (1), M.xenopi (1),
Unidentified (29)
M. kansasii 51 0
M. fortuitum 19 0
M. lentifiavum T 7 M.simiae (3), M. intracellulare (3), M. fortuitum (1)
M. abscessus 11 0
M. tuberculosis complex 9 0
M. chelonae 8 0
M. nonchromogenicum group 3 5 M.terrae (1), Unidentified (4)
M. peregrinum/M. septicum 3* 1 M. gordonae (1)
M. szulgai 3 0
M.terrae 3 0
M. parascrofulaceum 0 3 M.serofulaceum (3)
M. scrofulaceum 2 0
M. porcinum complex 0 2 M. fortuirum (2)
M. xenopi 1 0
M. intermedium oy 0
M. simiae 0 0
M.marinum/M. ulcerance 0 0
M. gastri 0 0
M.1riviale 0 0
M. avium and M. intracellulare 0 5 M.avium (2), M. intracellulare (2), M. abscessus (1)
M. avium and M. gordonae 0 2 M.avium (2)
M. avium and M. chel. 0 1 M.chelonae (1)
Mycobacterium sp. i f 8 M. intracellulare (2), M. gordonae (1), M. szulgai (1),
M.terrae (1), M. scrofulaceum (1), M. gastri (1),
M. rriviale (1)
Other bacteria 4* 2 M. intracellulare (1), M. xenopi (1)

“The result obtained by DDH method was unidentified.
"The result obtained by DDH method was M. nonchromogenicum.
“The result obtained by DDH method was M. peregrinum,

%3, RIDOM THRELZH AL, 165 RNARZT OB
MEBHMES I TICHITT A2, M.simiae (ATCC
15080 #k & 100%, ATCC144707#k & 99.3% — %) kA%
ahrs,

M. nonchromogenicum group 3, 636# 8 ¥k (1.3%) I
M S/ (Table 2). DDHEETRHEARE L HE S
4 @ 16S rRNA B {ZF TopS00 @ AL 7 % B~ 7= &5 1,
No.187 ¥ i BLASTH % 12 & U M.arupense @ & # ¥k
AR30097T DAECH (Accession No. DQ157760) & 54—
HL, No626#kid | HEDBVWTH 7 (Table 3), —
7, No.619 £ No.625 Witkid & & iZ RIDOM Tl M.rerrae
D S281 ¥ (squill) k54212 —H L, BLASTHRE Tid
M.arupense D Hbr - a AR L 2 O HENE LT
#-o7-. DDHET, M.rerrae £ BIE S - (No.318)
b No.61945 & U No.625 itk LRI LEVI 2 H L T/

Invader # T M. porcinum complex & [F] 5 & h 7= 2
(No.511 & No.518) 1, & & |2 DDH i T M. formimum &
[l 5€ = f 7= (Table 2). No.518 ¥k @ 165 (RNA B {% F

Top500 7 B2 5 iX, M.porcinum @ 3 i ¥ #& ATCC396937
& B\ E M. neworleansense @ X HE M bk ATCC49404T DAL
Bl 100%—HLTHED, —F, NoSI1#IZ99RR D —
HTh-o7/ (Table 3). &5, No5ll#i RIDOM TiZ,
M. fortiitum @ S358 ¥k (sqvIV) L 100% —FH L Twi,
% 7=, Invader i T M. peregrinum/M. septicum, DDH #: T
M. gordonae & [ S 417 No.543 B 165 rRNAB{ZT O
BL7iE, M.peregrinum M ¥ #k ATCCT007317d % V1 i3
M. septicum 3 HE B ¥k ATCC14467" D EEFI & 100% —F L
T,
Invader 5 C 2, 6364 8 # (1.3%) T EHMRE

b ol (Table 2)o No75D##% Bk &, DDHEETIL,
Invader E CRIEE N 2WHli0 5 bowTFhh Ol
CTRIE S N7, M.avium & M.intracellulare @ W 75 %Myt
EoeSBRIZT<TT » 7Y a7 PCREET M.avium
& M.intracellulare DWF AW TH -7 (Table 3)o

(3) Invaderi: THIEEM MM H 5 v (T HIRRE R LAt
O & 518 S s Eibk

— 168~
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Table 3 Discrepant results in identification of Mycobacterium species except M.gordonae
between Invader assay and DDH method

Strain Invader assay DDH method oy “‘"’P oxd 165 rRNA sequencing® (%)
48 M. avium M. intracellulare M._avium NT
230 M.avium M. intracellulare M. avium NT
171 M. avium M. intracellulare M. avium NT
217 M. avium M. intracellulare M.avium NT
551 M. avium M.terrae M.avium NT
15 M.avium Unidentified MAC NT
145 M.avium Unidentified MAC NT
282 M.avium Unidentified MAC NT
324 M. avium Unidentified MAC NT
363 M._avium Unidentified MAC NT
476 M. avium Unidentified MAC NT
481 M. avium Unidentified MAC NT
489 M. avium Unidentified MAC NT
567 M. intracellulare L
614 M.intracellulare g
111 M. lentiflavum NT
345 M. lentifiavum NT
135 M. lentifiavum M. simiae NT M. lentiflavum (99.8)
70 M. lentiflavum M. intracellulare Negative M. lentiflavam (100)
396 M. lentiflavum M. intracellulare Negative M. lentiflavum (99.8)
544 M. lentifiavum M. intracellulare Negative M. lentifiavum (100)
39 M. lentifiavum M. fortuitum NT M. lentiflavim (100)
318 M. nonchromogenicum group M.1errae NT M. arupense (99.1)
187 M. nonchromogenicum group Unidentified NT M. arupense (100)
626 M. nonchromogenicum group Unidentified NT M. arupense (99.8)
619 M. nonchromogenicum group Unidentified NT M.arupense (99.1)
625 M. nonchromogenicum group Unidentified NT M.arupense (99.1)
543 M. peregnmlH septicum M. gordonae Negative M. regrinum ( IOD]
M. xepﬂcwn (100)
265 M. parascrofulaceum M. serofulaceum NT M. pamscrqfulacem ( 100)
580 M. parascrofulaceum M. scrofulaceum NT M. parascrofulaceum (100)
33 M. parascrofulaceum M. scrofulaceum NT M. parascrofulaceum (100)
511 M. porcinum complex M. fortuitum NT M. porcinum (99.8),
M. neworleansense (99.8)
518 M. porcinum complex M. fortuitum NT M. porcinum (100},
M. neworleansense (100)
183 M.avium and M. intracellulare M. avium M. avium and NT
M.intracellulare
369 M.avium and M. intracellulare M. avium M. avium and NT
M.intracellulare
127 M.avium and M. intracellulare M. intracellulare M. avium and NT
M.intracellulare
581 M.avium and M. intracellulare M. intracellulare M. avium and NT
M.intracellulare
15 M.avium and M. intracellulare M. abscessus M. avium and NT
M.intracellulare
3 M. avium and M. gordonae M.avium MAC and M. gordonae NT
449 M.avium and M. gordonae M. avium MAC and M. gordonae NT
541 M_avium and M. chelonae M. chelonae MAC NT

*NT: Not tested, "MAC : Mycohacterium avium complex

Invader B CHIBE KA M 3 5 W (T HIRE N K LS 0 &
Mgl sk, eckkh2ikk 33%) THhot:
(Table 5), 21865 5 4 #kit, BNV T -7
% Wik Genus Mycobacterium 70 —THn{ T) ¥4 X
THHEHRAZ | HEORREFL Tz, 3,

—169—

No.279 ¥ I, BLASTH ¥ T Mycobacterium i INGMT
90174 ¥k & 100% —F L 7=7f, ik E OHFEIEA98.5%
2MALLOBRL{AECE 2,1 —H, HKHE
BUsomE e s 0h 6 RERE LA No
559 ¥ 12, DDH ik T M.intracellulare, 16S rRNA it {Z F
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Table 4 The results in identification of M. gordonae between Invader assay and DDH method

Invader assay DDH method AccuProbe* rpoB-RFLP No. of strains
M. gordonae M. gordonae NT A 9
M. gordonae M. gordonae NT B 4
M. gordonae M. gordonae NT [ 7
M. gordonae M. gordonae NT D 13
M. gordonae M. gordonae NT Other (E) 1
‘M.gordonae ~ M.xenopi  M.gordonae @ B 1
M. gordonae Unidentified M. gordonae B 7
M. gordonae M. gastri M. gordonae & |
M. gordonae Unidentified M. gordonae 8
M. gordonae M. gastri M.gordonae D 2
M. gordonae Unidentified M. gordonae D 11
M. gordonae Unidentified M. gordonae Other (E) 3
M. gordonae M. szulgai M. gordonae Other (F) 1
"NT: Not tested

Table 5 The strains which were not identified by Invader assay (%)

Strain Invader assay DDH AccuProbe*" 165 rRNA sequencing® (%)
121 Mycobacterium sp. M. gordonae M. gord M. gord (99.3)
(Low signal for M. gordonae)
630 Mycobacterium sp. Unidentified M. gordonae M. gordonae (99.3)
(Low signal for M. gordonae)
279 Mycobacterium sp. M. scrofulaceum MAC Unidentified
(Low signal for M. avium)
451 Mycobacterium sp. Unidentified NT NT
(Only M. terrae probe)
402 Mycobacterium sp, M. intracellulare MAC M. intracellulare (98.8)

72 Mycobacterium sp. M. gastri NT M. neoaurum (100)
118 Mycobacterium sp. M. terrae NT M. neoaurum (99.8)
640 Mycobacterium sp. M. szulgai NT M. neoaurum (100)

32 Mycobacterium sp, Unidentified NT M._celatum [ATCC51130] (99.8)
378 Mycobacterium sp. Unidentified NT M. celatum [ATCC51130] (99.8)
335 Mycobacterium sp. Unidentified NT M. mucogenicum (99.1)

514 Mpycobacterium sp. Unidentified NT M. mageritense (100)
9 Mycobacterium sp. M.intracellulare Negative M. chiorophenolicum (99.8)
553 Mycobacterium sp. M. triviale NT M. fortuitum complex® (99.3)
588 Mycobacterium sp. Unidentified NT M.asiaticum (99.1)
559 Other bacteria M. intracellulare MAC M.chimaera (99.3)
(Low signal for Genus
Mycobacterium)
246 Other bacteria M. xenopi NT M_heckeshornense (100)
331 Other bacteria Unidentified NT Gordonia sputi (100)
450 Other bacteria Unidentified NT Corynebacterium jeikeium (99.8)
507 Other bacteria Unidentified NT Gordonia otitidis (100)
573 Other bacteria Unidentified NT Tsukamulla ryrosinosolvens (99.8)
“NT: Not tested
"MAC: Mycobacterium avium complex
“M. fortuitum complex : M. fortuitum, M. farcinog M. galense, M. h M. parcinum, M. boenickei,

M. neworleansense and M. mucogenicum

TopS500 O B2 ¥ i3 BLAST % T M. chimaera @ 3% 4 B ¥ TDDHEZ ML -8R %L Table 612K L7z,
ATCC44623" DAL ¥ 2 993% —F L, RIDOMTid, M.

intracellulare © ATCC35770# (sqvIll) &£ 99.8% —B LT s ”
Wizo SE, bbb ORMRE L2165 RNABRETH LI
(4) DDHENZ & B HHEEH D FEE ITS-1 DA MERMERRFIOBRBIZL DFELTS

B THREMR T IV /o487 6, DDHiEETREET 2 Invaderif &, £ ¥efhfk DNA ORIHBUPLEE (2 36T & [ 5
itk EZ Gh2EHMiicoVwT, TOEERFEEH %179 DDHiE & DR % LBHE L. TORRI,
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Table 6 Testing of the type strains by DDH method
Species Strain Invader assay DDH method
M. tuberculosis H3TRv ATCC27294 M. tuberculosis complex M. tuberculosis complex
M. avium subsp. avium ATCC25291 M. avium M. avium
M. intracellulare ATCC13950 M. intracellulare M.intracellulare
M. fortuitum ATCC6841 M. fortuitum M. fortuitum
M. scrofulaceum ATCC1998] M. scrofulaceum M. scrofulaceum
M.szulgai ATCC35799 M. szulgai M. szulgai
M. xenopi ATCC19250 M. xenopi M. xenopi
M. simiae ATCC25275 M. simiae M. simiae -
M. lentifiavum ATCC51985 M. lentifiavum Unidentified
M. parascrofulaceum ATCCBAA-644 M. parascrofulaceum M. scrofulaceum
M. neoaurum ATCC25795 Mycobacterium sp. M. scrofulaceum
M. heckeshornense DSM44428 Other bacteria M. xenopi
M. chlorophenolicum ATCC49826 Mycobacterium sp. Unidentified
M. farcinogenes ATCC35753 M. farcinogenes complex Unidentified
M. senegalense ATCC35796 M. farcinogenes complex M. fortuitum
M. houstonense ATCC49403 M. farcinogenes complex M. fortuitum
M. porcinum ATCC33776 M. porcinum complex M. fortuttum
M. neworleansense ATCC49404 M. porcinum complex Unidentified

WMEEORBIB{EREINLDTHo 1,
Invaderikid, 70— 7% B&E LM RMEER
PIcKFELARETHY, iz rrr7o—7H
100% < v F L7-Hi¥ DNADO AL I+ 57200, MM
EHERZ-BCTHES-RVWRRELZHL-FETHS
e MEESNL. DDHETRETiEL 18Milis X
U R ST M PR & FE A M RHE |2 57 M S ho 2 iMoo M
TO—7EMAEDETRETHIEICL ), BETHE
BOWNI%ERETAZ LATRTH- 72,
DDHEETIX, BENRIZE - TV EERED
SHBE MM 278 21D M. lentiflavum, M. parascrof-
ulaceum, M.neoaurum % ¥ DM, ‘M. gordonae-like' *
FoomMMICFELTLES r—AMWEINL. 12,
DDH:Ti2, M.marinum & B{ZE0\2E8 % M. ulcerans
& M.shinshuense % M.marinum £ $15E LT L ¥ 5 #it5»
%> M heckeshornense % M.xenopi Et I SE LT L ¥ 5 #iE
HdH D, 2512, Mscrofulaceum, M.nonchromogenicum
BBV IEM fortuitum % EOMHMTIXEAERRIZLS
FEik & OHMAPENC LARSATVS® 7, DDH
Hid, (%M L TR DNA DERA DNA/DNA
NA TN T4 =23 YRBT0% U EOSBED S
Dy NAT7Ny FOREE (ATm) 25 BELAIICILE
SZWHkORAEF ML T HERED] ICHELHET
b5 LaL, Rl EHI N -EHLATH-T
LY AL E/ -LTLEIMIMREATVS,
FThbt, DDHEOHE LK IIHBPEIZ LTV T
ISHIHL % M5+ AR L o TWDHA, EEHMBN
HMEOFHHORRIIEML TS, HWEEKEERF
CEThhdh-oSiREHEZEE T 2BEICXHICER

PELRETHL,

bhbh oW L7 Invader it i2 & 5 HIMEM I E ik b
HEDORMIZH D, W ZIL, M nonchromogenicum & M.
arupense, M.marinum & M. ulcerance 3 £ U M. shinshuense
ERTLIENTELZVWATHE. SOOI e
2, MRTRF SN HHNRN L AETET - R/E
L, TSR 70—-7ERETHZ L CHHNITRE 25,
% B, M.arupense &, 20064 | M.nonchromogenicum \Z
IRZEETER,OCAESN-BAE® T, EXLH
FEM L L THLEE LT vt M kumamotonense ™ & [6]— Bl
HTHd, —H, F=F¥ =R BRERTVEVIES
RNAREZEFEAEH T HRETERLETIZS D09
EL, vader ETHETE L Wr—AbHolze ZOH
&, 7u—7EYHMI » 27 AT A5 EIC L D EEHT
MELb, KB, Mgordonaelt i ¥+ N7 u—7 &N
F5Z 12X DNo.121 ENo.630 DHDEEHHEL % -
7zo 2 6IZ, Mycobacterium sp. & ¥ 2 W7 B D[] EE
¥ EiF57:HiZ, 165 RNAREFOETE A#MRIZS
O-7EBREFTHILIZLY, F—FIZRELTVW R
A%, M.neoaurum®, M.celatum™, M,mucogenicum™ ™,
M.mageritense®® 3 L U° M. heckeshornense * " O [6] 274 ¥8]
ETHHLLHELTVS,

I, SEORETIE, $FLTLEREEREEDY
FE & N7z, M. lentiflavum (1996 512 & b OFFHEHEM AR
#mAHoTEEhEET, wE Wl RiErS
LARPIAHE S TVWDY, B, FTREFHEE
EOMFIZLY, ABCOSTREFMEALMML, N
TLEETERDE 2% M.lentiflavum ThH o 72
72, M.parascrofulaceum & 2004 % |Z Turenne 5 |12 £ = T

=1T1—
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M. scrofulaceum®? M. simiae £ L TRIE 2T 7z ATCC
FEohrofflifis LTRESLL-BHTS 9,

M. simiae £ H[EE OV 16S RNABET L ITS-1 &8
+ 5%, HAbFEHRIE M scrofulaceum IZHBL L, M
scrofulaceum \ZAXFEAE L 7202 16S rRNA #{z T4 B
W HETOINREELZAL TV I LIFENTS
e COHMO12EWMERY] I AR RFTE L M simiae
complex DERARBFRTORAIHRZEIAT V2. — 4,

ITS-1 DML, M.simiae & M. scrofulaceum 1= I W (2 H
AoV RNEHLTWwSE, ThETIZBEETO
M. parascrofulaceum DT BEOME T % , ARFHIBY
LAY NOTTHH. 2612, FHFicTa—-7
& @5 L 7= M. farcinogenes/M. senegalenselM. houstonense
@ % V|2 M. porcinum/M. boenickei/M.neworleansense @)
Bl & M_peregrinum & M.septicum e ¥ E MA =¥ VW —TF
% [M.fortuitum complex] EBHTLHZ LN A EHIZ,

BEFMICIRIEW TR WM TH D M houstonense,

M.boenickei, M.neworleansense (&, 20044 (2 ¥ Hfi DR
KA EN D LLATIE, M. fortuinem third biovariant complex
LM EhTwWiEERYH BN,

VLA, MGITH#b 7 & O H i o) i A %o 3 A RO 7 %
Hie EORETRITIC X ZRZHEOMEIZLD, Sh
ITHEINFEEEA - HHLHFREEEE I 2
Lo TE, WHOREIZET X HBARNEORR
HiFbhaZ edt, EHICPrOEREEELE (ON
HOREATRELZHNERVRIN TS, bhvbhol
B L7 Invader i X HHIBEE M EEIZ, ChoDBR
il L-FIELAETHD, BRICE{fHELZ L
EWRFT 50

W B

ARHEEET L ICHD, F(OTHELHEEL
ZEBRBAEFRRBSONEEEE IR BIILE
T 4 ARECHLIBASHE- - 24 - 20
LIS, MBERHRKS X CIWAREERKO ZR 2 G
HLEY.
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