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Kovama, J., Aumep, K., ZHao, J., Saito, M., ONizukaA, S., OMa, K., WATANABE, K.,
WaTANABE, H. and Oisui, K. Strain-Specific Pulmonary Defense Achieved after Repeated
Airway Immunizations with Non-Typeable Haemophilus Influenzae in a Mouse Model.
Tohoku J. Exp. Med., 2007, 211 (1), 63-74 —— Strain-specific immune responses may
play a critical role in the acute exacerbation of chronic obstructive pulmonary disease
(COPD) caused by Haemophilus influenzae (NTHi), and the outer membrane protein P2 is
one of surface antigens of NTHi, which may contribute to the strain-specific protective
immunity. We examined whether repeated airway immunizations with killed-NTHi strains
bearing different P2 molecules were capable of inducing protective immunity against
homologous or heterologous strains in the lungs of a mouse model. Three different strains
of NTHi were used in this study. Three serial intratracheal (IT) immuizations of a single
strain or three different strains of NTHi led to the production of cross-reactive immuno-
globulins G and A in bronchoalveolar lavage fluids. Three serial IT immunizations with a
single strain enhanced the bacterial clearance of the homologous strain in the lungs, but no
enhancement of bacterial clearance was found with three serial IT immunizations of heter-
ologous strains. The enhancement in bacterial clearance, therefore, appears to be primarily
strain-specific. Enhanced bacterial clearance of a hetrologous strain was also found after
three serial IT immunizations of a single strain among two of the three strains employed
for bacterial challenge. These findings suggest that P2 molecules and surface antigens
other than P2 are involved in the development of pulmonary defense against NTHi in
mice. Our data may explain, in part, why patients with COPD experience recurrent NTHi
infections. ———— non-typeable Haemophilus influenzae; outer membrane protein P2;
pulmonary defense; chronic obstructive pulmonary disease; acute exacerbation
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Non-typeable Haemophilus influenzae
(NTHi) is frequently associated with acute exac-
erbation of chronic obstructive pulmonary disease
(COPD) (Wilson 1998; Sethi and Murphy 2001;
Sethi 2004), although the role of bacterial patho-
gens in COPD is somewhat controversial
(Hischnmann 2000; Murphy et al. 2000). Acute
exacerbation occurs due to NTHi among these
patients despite the presence of NTHi-specific
antibodies in serum and sputum (Groeneveld et
al. 1990). A recent study reported an association
between a new strain of the same bacterial species
and exacerbation in patients with COPD (Sethi et
al. 2002). These authors also demonstrated that
the development of an immunoglobulin G (IgG)
response in sera from patients with an acute exac-
erbation of COPD was significantly higher in the
case of the newly acquired strains of H. influenzae
than preexisting strains (Sethi et al. 2004). Most
of newly acquired strains were able to induce
bactericidal antibodies in sera of these patients.
These data suggest that strain-specific IgG found
in sera plays a critical role in the recurrent exacer-
bation of COPD, and that the strain-specific pro-
tective immune response confers susceptibilities
to infections by other strains of the same bacterial
species (Sethi et al. 2002, 2004).

On the mucosal surface, secretory immuno-
globulin A (IgA) plays a major role in the protec-
tive immunity (Boyaka et al. 2001). Previous
studies have demonstrated immune responses to
specific antigens of Moraxella catarrhalis or
Streptococcus pneumoniae in airways of patients
with COPD (Samukawa et al. 2000; Murphy et al.
2005). The role of strain-specific IgA in the air-
ways, however, remains unexplained in the recur-
rent exacerbation of COPD.

The outer membrane protein (OMP) of NTHi
contains six to eight major proteins (Sethi and
Murphy 2001). P6 is a 16 kDa peptidoglycan-
associated lipoprotein that is commonly found in
the outer membrane of all strains of NTHi and
exhibits a high degree of sequence conservation
among strains (Murphy et al. 2006). In contrast,
P2 is the major OMP, constituting as much as
50% of the OMP, and is an important target of the
immune response to NTHi (Neary et al. 2006).

The bactericidal activity of P2-specific antibodies
is strictly strain-specific (Troelstra et al. 1994).
Furthermore, previous studies have reported that
newly acquired bactericidal antibodies from two
patients with COPD after exacerbation by NTHi
exhibited a recognition pattern to surface-exposed
epitopes on P2 molecules and other surface pro-
teins of NTHi (Yi et al. 1997). The authors also
demonstrated that a strain-specific immune
response to NTHi was directed to epitopes on the
loop 5 region of the P2 molecule and was associ-
ated with bactericidal activity in animal experi-
ments (Yi and Murphy 1997). Another study also
reported the loop 6 of the P2 molecule was capa-
ble of inducing bactericidal antibodies (Neary et
al. 2001). Accumulated evidence from clinical
and laboratory investigations by Murphy and
coworkers suggest that the P2 molecule is one of
surface antigens that participate in strain-spccific
immune responses in the acute exacerbation of
COPD by NTHi (Yi and Murphy 1997; Yi et al.
1997; Neary et al. 2001; Sethi et al. 2004). This
study was, therefore, conducted to determine
whether repeated airway immunizations with
NTHi strains bearing different P2 molecules were
capablé of inducing protective immunity in lungs
against homologous or heterologous strains in a
mouse model.

MATERIALS AND METHODS

Mice

Specific pathogen-free BALB/c mice (8-12 weck
old female) were purchased from Charles River Japan
Laboratories (Kanagawa). The mice were maintaincd in
barrier-protected animal facilities under specific patho

gen free conditions using ventilated microisolator cages
in the experimental animal facility of the Institute ol
Tropical Medicine, Nagasaki University. The cxperi

mental protocol was approved by the Ethics Review
Committee for Animal Experimentation ol Nugasaki
University and conformed to National Institute of Health
guidelines.

Bacterial isolates

Six strains of NTHi (H98-224, H99-115, 1101 03,
HO04-06, HO5-15, and H05-19), isolated from a patici
with an acute exacerbation of COPD at different ocea-
sions, were used in this study. Each strain ol N1 was
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grown overnight in brain heart infusion (BHI) broth
(BBL, Becton Dickinson Microbiology Systems, Becton
Dickinson and Co., Cockeysville, MD, USA) supple-
mented with 5% digested horse blood at 37°C.

Immunoblot assay
The harvested bacteria were washed 2 times with
sterile phosphate buffered saline (PBS). After washing,

the bacteria were fixed in 75% ethanol, washed and

resuspended in PBS, and stored at —80°C until used.
Whole cell preparations from six strains of NTHi were
heated at 95°C for 5 min then subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) with 12% separating gels. Three identical
patterns of OMP bands on SDS-PAGE were found
among these six strains (data not shown). The pairs of
identical strains were; HO5-15 and HO05-19, H04-03 and
H04-06, and H98-224 and H99-115, respectively. We
therefore employed H05-19, H04-06 and H99-115 in this
study. Whole cell preparations of three strains were
applied SDS-PAGE and then transferred to nitrocellulose
membrane and incubated with a 1:5,000 dilution of
anti-P2 rabbit sera (Yi et al. 1997). The isolated P2 pro-
tein from the NTHi strain and the anti-P2 rabbit sera
were generous gifts from Dr. TF Murphy, (Buffalo, NY,
USA). Horseradish peroxydase-conjugated donkey anti-
rabbit IgG at 1:10,000 dilution (GE Healthcare, Bio-
Sciences Corp., Piscataway, NJ, USA) was used for
detection of rabbit antibodies.

Genotyping with pulsed-field gel electrophoresis (PFGE)

After digesting the genomic DNA of NTHi with
Smal (Takara Shuzo Co., Shiga), PFGE was performed
on these three strains as described previously (Yano et al.
2000).

Polymerase chain reaction (PCR) and sequence of P2
gene

The nucleotide sequence of the PCR amplicon of
ompP2 gene was performed according to the previously
published method (Hiltke et al. 2002). Briefly, bacterial
genomic DNA was isolated from 400 yl of an overnight
NTHi broth culture employing a Wizard genomic DNA
purification kit (Promega Biotech). Using the Gene Amp
PCR kit (Applied Biosystems, Tokyo) the ompP2 gene
was amplified using approximately 75 ng of bacterial
DNA and primers a and b (Table 1). Reactions were car-
ried out using a Gene Amp PCR system 9700 thermalcy-
cler (Applied Biosystems). The reactions consisted of an
initial hold for 3 min at 94°C, followed by 35 cycles of
94°C for 30 sec, 58°C for 30 sec, and 72°C for 90 sec.
The PCR products were purified with the ExoSAP-IT en-
zyme (GE Healthcare, Bio-Science Corp.) according to
the instructions of the manufucture. DNA sequencing
procedure was performed by primer walking method
using BigDye Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems) and primers shown in Table 1.
The product was then loaded on ABI PRISM 3100 DNA
Analyzer (Applied Biosystems) to determine the DNA
sequence.

Intratracheal immunization with ethanol-killed bacteria
In order to develop protective immunity in the lungs
against NTHI strain, 50 ul of ethanol-killed bacteria
(HO5-19 strain, HO4-06 strain or H99-115 strain) at a
concentration of 4 x 10° colony-forming units (CFU)/ml
suspended in PBS was intratracheally administered to
each mouse on day 0, 7 and 14 (Kurita et al. 2006). Day -
0 was defined as the day of the first intratracheal (IT)
immunization. Two different types of serial three IT
immunizations were performed in this study. In the first
type, one of these strains (H05-19 strain, HO4-06 strain
or H99-115 strain) was immunized on day 0, 7 and 14.

TabLE 1. Sequence of primers used in polymerase chain reaction and sequencing of

ompP2 of NTHi.

Primer

Sequences

-0 o 60 O

5’ACGCGGATCCTGGTGTTGTTTATAACAACG3’ (forward)
5'GGTGAAGTAAAACTTGGTC3’ (forward)
5'AGGCTTATTAGTCTCTCTAG3’ (forward)
S’ATCAGGATCCTTAGAAGTAAACGCGTAAACCTAC3' (reverse)
S'CCATAGACATTAAGTATCTTCC3’ (reverse)
5'GCGCCTAATACTAAACCATC3’ (reverse)
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In the second type, H05-19 strain was immunized on day
0, followed by the H04-06 strain on day 7 and then the
H99-115 strain on day 14. Four or five animals were
employed for each type of IT immunization. The
procedure was performed under anesthesia induced by an
intraperitoneal injection of 0.2 ml of a solution
containing 3 mg of ketamine and 0.1 mg of xylazine.
Heparinized blood was obtained, and the plasma separat-
ed, and bronchoalveolar lavage (BAL) was performed at
the indicated times after the initial immunization as pre-
viously described (Kurita et al. 2006). Plasma and BAL
fluid were stored at —80°C until used.

Determination of P6 or strain-specific antibodies

The P6-specific antibody titer in plasma or BAL flu-
id was determined by ELISA according to a previously
published method (Kurita et al. 2006). The strain-
specific antibody titer to the whole cell preparation of
NTHi in plasma or BAL fluid was also determined by a
previously described method, with minor modifications
(Sethi et al. 2004). Because of the limitations in mea-
suring the avidity of the strain-specific antibody to the
whole cell preparation of NTHi, IgA specific and its
avidity to OMP in BAL fluid were determined by ELISA
employing 0.5 M sodium thiocyanate (Anttila et al.
1998). The OMPs from each NTHi strain were prepared
as previously described (Kurita et al. 2006). A P6 prepa-
ration (1 gg/ml), the whole bacterial preparation (10
CFU/ml) or the OMP preparation (1 xg/ml) was used as
the coating antigen. The isolated P6 protein was a gener-
ous gift from Dr. N. Yamanaka, Wakayama, Japan. In
whole cell ELISA, 200 ul of 5% bovine serum albumin
in PBS was used as the blocking solution and 50 ul of a
plasma sample or BAL fluid was then added, followed by
incubation at 37°C for 30 min. The plate was washed
and treated with 50 pl of alkaline phosphatase-conjugat-
ed goat anti-mouse IgM, IgG, or IgA (Zymed, San
Francisco, CA, USA). The optical density (OD) was
measured at 405 nm. The end-point titers were expressed
as the reciprocal log, of the last dilution that gave an
OD,5, of = 0.1 OD unit above the OD,s, of negative con-
trol samples obtained from non-immunized mice.

Cell proliferation assay

In vitro antigen specific cell proliferation assays
were performed using the Premix WST-1cell prolifera-
tion assay system (TAKARA, Tokyo) according to manu-
facture’s instructions. Mononuclear cells were prepared
from pulmonary lymph node (LN) of mice that had

received three serial IT challenges of ethanol-killed
NTHi as described above (Kurita et al. 2006). LN cells,
at a concentration of 5 x 10° in 200 1 of Roswell Park
Memorial Institute (RPMI) medium containing 10% fetal
bovine serum (FBS), were added to the well of a 96 well
cell culture plate in triplicate and were stimulated at
37°C for 72 hrs with or without antigens at concentra-
tions of 1 or 5 gg/ml. Ovalbumin (OVA; Sigma
Chemical Co., St. Louis, MO, USA) was used as a con-
trol antigen. After incubation, the assay was developed
by the addition of a premix WST-1 solution (10 g g/well)
to each well. OD was measured at 450 and 600 nm after
4 hrs incubation at 37°C. These data were calculated by
subtracting the ODgg value from the ODysy value.

Bacterial clearance of NTHi strain in mice

Each live strain of NTHi (HO5-19 strain, H04-06
strain or H99-115 strain), at a dose of a 4 x 10® CFU/
mouse, was intratracheally challenged to mice which had
previously received one of four different types of the
serial three IT immunization of ethanol-killed NTHi
strains at one week intervals, or to untreated mice. Five
animals were employed in each type of IT immunization
followed by bacterial challenge. Quantitative bacterial
cultures of lung tissue from mice that had been eutha-
nized with pentobarbital were performed on agar 4 hrs or
12 hrs after the bacterial challenge as previously
described (Kurita et al. 2006). The lungs were removed
asceptically and homogenized in 9 ml of sterile saline per
gram of lung tissue prior to culturing. The detection lim-
it of bacterial cultures of the lung tissue was 10° CFU/g.

Statistical analysis

Statistical analyses were performed by one-way
ANOVA and multiple comparison method by Bonferroni-
Dunn’s test or the unpaired Student’s r-test. Data were
considered to be statistically significant, if the p values
were less than 0.05. All data are expressed as the mean +

S.D.

RESULTS

Immunoblot assays of whole-cell lysates and
PFGE

To determine whether the P2 molecules of
the three strains of NTHi (H05-19 strain, H04-06
strain or H99-115 strain) are different in molecu-
lar size, an immunoblot assay of whole cell
lysates of these strains was performed using
anti-P2 rabbit sera (Fig. 1A). The anti-P2 antisera
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Fig. 1. Immunoblot assay of bacterial lysates of three NTHi strains and the purified P2 protein with
anti-P2 sera (A) and pulse-field gel electrophoresis of Smal-digested genomic DNA of three NTHi
strains (B). Whole cell preparations of H05-19 strain (a), H04-06 strain (b) and H99-115 strain (c)
and the purified P2 (d) were transferred to a nitrocellulose membrane and the P2 bands were visual-
ized by mean of an anti-P2 rabbit serum. The PFGE patterns of Smal-digested DNA from H05-19
strain (a), HO4-06 strain (b) and H99-115 strain (c¢).

detected P2 molecules of these strains and the
purified P2 protein, with different molecular sizes
between molecular markers of 37 and 50 kDa. In
addition, PFGE also demonstrated different
patterns among the three strains (Fig. 1B).

OmpP?2 sequence analysis

Analyses of the deduced amino acid
sequences of ompP2 of the three strains of NTHi
(HO5-19 strain, H04-06 strain or H99-115 strain)
demonstrated sequence heterogeneity in all eight
loop regions (Fig. 2). Therefore, all three strains
of NTHI used in this study possess different P2
epitopes.

Po6-specific cell proliferation of LN cells

In all of the three serial IT immunizations,
except for the three serial IT immunizations by
HOS5-19 strain, a concentration-dependent increase
in cell proliferation was found in cultured cells
isolated from pulmonary LN of mice in the pres-
cnce of P6 at 1 and 5 yg/ml (Fig. 3A-D). In con-
trast, no cell proliferation was found in cultured

cells isolated from the pulmonary LN of mice that
had received any of the three types of serial IT
immunizations in the presence of OVA at 1 and 5
pg/ml.

P6-specific immunoglobulins (Igs) in plasma
and BAL fluid

The induction of P6-specific 1gG and IgM,
but not IgA, were found in plasma of mice that
received any of the three types of serial IT immu-
nizations (Table 2). In contrast, P6-specific IgG,
IgM or IgA were undetectable in BAL fluids of
mice that received any of the three types of serial
IT immunizations.

Strain-specific Igs in plasma and BAL fluid by
ELISA using the whole cell preparations

In plasma of mice that received any of the
three types of serial IT immunizations, strain-
specific Igs were found, except for the case of
mice that received three serial IT immunizations
by strain HO4-06 (Table 3). Only strain HO4-06-
specific IgA, but not strain HO5-19 or strain H99-
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AVIAG————-— ASTVTEDDQRNQHGTLRNQGSRFHIRATHNLGDGFYAQGY
VLFSGFYLIATSNSPIKDQKOQHGALRNQSSRFHIRKATHNFGDGFYAQGY
VIAEQ--—-——- STSTEDDQRQQHGT LRNQGSRFHIKATHNLGDGFYAQGY

LETREFVSDYTKKKSDHFGDITTRYAYVILGNKALGEVKLGRAKTIADGITSAEDKEYGVL
LETRLVSAQSGTESDNFGHIITKYAYVTLGNNALGEVKLGRAKTIADGVLNNSDREYGVL
LETRFVSDASKNGSDNFGDITTRKYAYVTLGNKAFGEVKLGKAKTIADGITTAEDKEYGVL

L2 L3

NNSKYVPTNGNTVGYTFKGIDGLVLGANYLLAQERSTSNLFG—————— TPGEVSPQRISN
NNSKYIPTNGNTVGY TFKGIDGLVLGANYLLAQERHKYTAAAGGGARAVAGEVYPQRISN
DSKKYIPTNGNTIGY TFNAIDGLVLGANYLLAQOERDVDAAGAYG— —~TKAGEVS IGKISN

L4

GVQVGAKYDANNIIAAIAFGRTNYREDIASPDVSLSGRKQQOLEGVLSTLGYRFSDLGLLV
GVQVGAKYDANNIIAXIAYGRTNYREDITITPADKLGKKQQVNGALSTLGYRFSDLGLLV
GIQVGAEYDAN-IIARIAYGRTNYKETTDPRKTES-~KRQELNGALASTNYRFSDLGLLV

LS

SLDSGYAKTKNHKERPRRSRSHEKSYFVSPGFQCELMEDTNVYGNFKYERTCCRSKVRKN
SLDSGYA-—-NKLOKLKNYKGKEKSYFVSPGFQYELMEDTNVYGNFKYERNSVDQGEKER
SLDSGYAKTKNYKDK~-——-- HEKRYFVSPGFQYEIMEDTNVYGNFKYERNSVDQGKKAR

L6

L7

VNTLCYSVIINFTTKINTYIEGALHRCLTLELG-TTEFSDTEGKI
EQAVLFGIDHKLHKQVLTYMEGAYSRTRTTTVGSKTNASKVETEK
a GEVKLGEHAVLFGVRSTSQTSILLYRCLLN--——— NNMIMEKTEK

Fig. 2. Amino acid sequence of the ompP2 regions of the three NTHi strains isolated from the same patient
with COPD. Identical residues are shown in the bold. Strain a denotes H05-19 strain, strain b
denotes H04-06 strain, and strain ¢ denotes H99-115 strain, respectively. “The loops 1 (L1) through

loops 8 (L8) are indicated as the underlined parts.

115-specific IgA, was found in the plasma. In
most types of the serial IT challenges, strain-
specific IgA was detected in BAL fluids (Table 3).
In case of the three serial challenges of the
HO04-06 strain, only strain H04-06-specific IgA
was found in BAL fluids. No detectable levels of
strain HO5-19 or strain H99-115-specific Igs were
found in BAL fluids of these mice.

‘Strain-specific IgA and its avidity in BAL fluid
by ELISA using OMP preparations

In order to evaluate the functional strain-
specific IgA, we next examined strain-specific
IgA and its avidity in BAL fluids of mice (Table 4).
In BAL fluids of mice that received three serial
immunizations of strain H05-19 or H99-115 or

three different strains, an increased IgA or its
avidity specific to the OMP of strain HO5-19 and
H99-115 were found, compared to the OMP of
strain HO4-06. A similar increase in IgA and its
avidity specific to OMP of strain HO4-06 was
shown only in BAL fluids of mice that had
received three serial immunizations of strain
HO04-06, compared to those specific to OMP of
strain HO5-19 or H99-115.

Bacterial clearance in the lungs

We next examined the bacterial clearance of
each NTHi strain in the lungs of mice that
received three serial IT challenges. The bacterial
clearance of strain H05-19 was significantly faster
in cases of three serial IT challenges of strain
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Fig. 3. In vitro cell proliferation using pulmonary lymph node cells from mice that received three serial
IT challenge of killed-NTHi strain with a one-week interval in the presence of P6 (solid line) or
ovalbumin (broken line). The IT immunizations include three serial immunizations of strain
HO05-19 (A), three serial immunizations of strain H04-06 (B), three serial immunizations of strain
H99-115 (C) and three serial immunizations in the following order: strain H05-19, strain H04-06
and strain H99-115 (D). Values represent the mean =+ s.0. of four animals.

“p <0.01 (vs ovalbumin).

TasLE 2. Induction of P6-specific IgM and IgG in plasma in mice after three serial IT challenges
of killed-NTHi strain with a one-week interval by ELISA.

Intrtracheal immunization Ig class Reciprocal log, P6-specific titer in plasma

Scrial three immunizations IgM 7.0+ 1.154

with HO5-19 strain IeG 6.5+0.76
Serial three immunizations IgM 55+1.05

with H04-06 IgG 4.83+£0.75
Serial three immunizations IgM 8.0+0.89

with H99-115 IeG 6.17 £ 0.41
Serial three immunizations IgM 7.83 £0.37

with three different strains IgG 7.5%0.76

Ig, immunoglobulin. Values represent the mean + s.p. of four animals.

HO5-19 or strain H99-115 than in untreated mice
12 hrs after the IT challenge (Fig. 4, upper col-
umn). No significant enhancement in the bacterial
clearance of strain HO5-19 was found in mice that
received the three serial IT challenges of strain
H04-06 or three different strains at 12 hrs post-
challenge. Similarly, the bacterial clearance of
strain H99-115 was significantly faster in the
lungs of mice that received the three serial IT

challenges of strain H05-19 or strain H99-115
than in untreated mice at 12 hrs post-challenge
(Fig. 4, lower column). No significant enhance-
ment of H99-115 strain was noted in mice that
received the three serial IT challenges of strain
HO04-06 or the three different strains, although the
bacterial densities of H99-115 strain in the lungs
of mice receiving IT challenges of different
strains tended to be lower than untreated mice. A
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TasLE 3. Induction of strain-specific IgM, IgG and IgA in plasma and bronchoalveolar lavage (BAL) fluid of
mice after three serial IT challenges of killed-NTHi strain with a one-week interval by ELISA
using the whole cell preparations.

Reciprocal log, titer in plasma Reciprocal log, titer in BAL fluid

Intrtracheal immunization  Ig class
anti H05-19 anti H04-06 anti H99-115 anti HOS-19 anti H04-06 anti H99-115

Serial three immunizations IeM 515+x041 600 10.7 £ 0.58 N.D. N.D. N.D.
with H05-19 strain IgG 10.5+0.84 122+147 120+141 567+068 583+147 75%1.29
IgA N.D. 7.83+1.33 N.D. 70+082 55+122 6.83+1.34

Serial three immunizations IgM N.D. 6.5+0.58 N.D. N.D. N.D. N.D.

with H04-06 IgG N.D. 10.0 +0.89 7.6 +0.89 N.D. N.D. N.D.

IgA N.D. N.D. N.D. N.D. 5.17+£0.75 N.D.

Serial three immunizations IgM N.D. N.D. 8.0+0.82 N.D. N.D. N.D.
with H99-115 IgG 10.5+055 102+1.17 108+096 533x0.58 4.25+0.5 45+0.58
IgA N.D. 6.0+0 N.D. 45+129 44+055 68+0.84

Serial three immunizations IsM N.D. N.D. 9.17 +0.69 N.D. N.D. N.D.
with three different strains  IgG  12.17+041 128+041 13.0+0 483+041 4.67+0.52 5.83+0.37
IgA N.D. 6.33 £ 0.52 N.D. 60+0.63 50+0.63 4.67+047

Ig, immunoglobulin. N.D., not detectable. Values represent the mean + s.p. of four animals.

TabBLE 4. The strain-specific IgA and its avidity in bronchoalveolar lavage (BAL) fluid of mice after three
serial IT immunizations of killed-NTHi strain with a one-week interval by ELISA using the outer
membrance preparations.

IgA or Reciprocal log, titer in BAL fluid

Intrtracheal immunization ToA avidi
gA avidity anti H05-19 anti H04-06 anti H99-115
Serial three immunizations IgA 10.81+3.19 3.55+0.95 9.36+2.16
with H05-19 strain IgA avidity 4.68 +0.69 234+ 1.44 6.06 + 1.59
Serial three immunizations IgA 351+£0.20 6.10 £ 0.40 3.64 £0.22
with H04-06 IgA avidity - 3.23+0.19 5.13+1.29 3.27 £0.20
Serial three immunizations IgA 535+1.76 2.85+0.55 8.09 + 1.36
with H99-115 IgA avidity 3.81+0.66 1.85+0.55 433 £0.25
Serial three immunizations IgA 6.92 +£0.52 4.64+1.73 7.35+£0.89
with three different strains IgA avidity 541+0.78 3.25+0.61 4.97 £0.43

Values represent the mean + s.p. of four animals.

significant enhancement in bacterial clearance of nificant enhancement of H04-06 strain was found
strain HO4-06 was found only in mice that received in mice that received the three serial IT immuni-
the three serial IT immunizations of the homolo- zations of strain HO5-19 or H99-115 or the three
gous strain, compared to untreated mice, at 4 hrs different strains.

post-challenge (Fig. 4, middle column). No sig-
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Fig. 4. The effect of three serial IT immunizations of killed-NTHi strain with a one-week intervals on
the bacterial clearance of live NTHi strain H05-19, strain H04-06, and strain H99-115 are shown in
the upper, middle and lower panels, respectively. The IT immunizations included three serial
immunizations of strain H05-19 (A), three serial immunizations of strain H04-06 (B), three serial
immunizations of strain H99-115 (C) and three serial immunizations in the following order: strain
HO05-19, strain H04-06 and strain H99-115 (D). The IT challenge of live strain of NTHi was done 3
weeks after the initial IT immunization with killed-NTHi. Untreated mice were used as controls
(CTRL). The mice were euthanized and a quantitative bacterial culture of lung tissue was
performed 12 hrs after the IT challenge for live strain H05-19 and live strain H99-115, and 4 hrs
after the IT challenge for live strain H04-06. Values represent the mean + s.D. of five animals.

*p < 0.001 (vs control).

DiscussioN

A recent study reported that the proliferative
response of peripheral lymphocytes to P6 is asso-
ciated with a relative protection from exacerba-
tion by NTHi (Abe et al. 2002). We recently
demonstrated a linkage between P6-specific T cell
proliferation in LN cells and the induction of P6-
specific IgA and IgG in BAL fluids by ELISA in
mice that received repeated IT challenges of OMP
of NTHi in mice (Kurita et al. 2006). Although T
cell proliferation specific for P6 in LN cells was
found in all mice that received the three serial IT
immunizations of a single strain or three different
strains of ethanol-killed NTHi in this study (Fig.
3), no P6-specific Igs including IgA, were detect-
ed in BAL fluids, but P6-specific IgG and IgM

was detected in plasma. These data support the in
vitro antigen presentation of P6 by dendritic cells
contained in LN cells after degradation of the
intratracheally challenged killed-NTHi strain.
The antigen presentation in LN cells could lead to
the production of Ig in plasma after the initial
challenge of the OMPs of NTHi. The repeated IT
immunization of OMP of NTHi, however, was
required for the induction of IgG or IgA in the
BAL fluids (Kurita et al. 2006). Repeated IT
challenges of ethanol-killed NTHi strain failed to
induce P6-specific IgG or IgA in BAL fluids in
this study, because the P6 molecule, a cross-
reactive epitope, is not exposed on the surface of
the NTHi strain and is involved in anchoring the
outer membrane (Nelson et al. 1991; Sethi and
Murphy 2001). The detection of strain-specific
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IgA in BAL fluids in most types of the three serial
IT immunizations in the present study indicates
the generation of cross-reactive IgA in the
airways.

The three serial IT immunizations of a single
strain significantly enhanced the bacterial clear-
ance of the homologous strain from the lungs of
mice (Fig. 4). No cross-protection was found in
mice that had received three serial IT challenge of
strain H04-06. These data suggest that the
enhancement in bacterial clearance is primarily
strain-specific. We also found that the three serial
IT immunizations with strain H05-19 or H99-115
induced a cross-protective effect in the lungs of
mice (Table 4). This cross-protective effect
between strain H05-19 and H99-115 was associ-
ated with strain-specific IgA as well as IgG in
BAL fluids (Table 3). Since there is a distinction
in the amino acid sequence of loops 5 and 6 in the
P2 molecule between these two strains, a cross-
protective effect may be conferred by surface
antigens other than P2. Possible surface antigens
responsible for this cross-protective effect may
include P5 adhesin and lipooligosaccharide (Sethi
and Murphy 2001; Hirano et al. 2003; Novotny
and Balaletz 2003). Although bacterial clearance
in the lung also tended to be enhanced after an IT
challenge of live H05-19 or H99-115 strain in
mice that previously received the three serial IT
immunizations of three different strains, the levels
of enhancement were not significant in the lung of
these mice (Fig. 4). Collectively, these data dem-
onstrate that three serial IT immunizations of a
single strain could lead to the production of strain-
specific IgA as well as IgG, subsequently leading
to an enhanced bacterial clearance of the homolo-
gous strain in the lung. The association of the
enhanced bacterial clearance of strain H04-06 in
the lungs of mice after three serial repeated IT
challenge of the homologous strain with the pres-
ence of strain-specific IgA, but not IgG, may
underscore the importance of strain-specific IgA
in BAL fluids for inhibiting bacterial adherence in
the airway (Taylor et al. 1990; Kurono et al.
1991).

The presence of strain-specific IgA and IgG
in BAL fluid was not always associated with an

enhanced bacterial clearance in lungs, because the
serial IT challenges of three different strains could
lead to the production of strain-specific IgA and
IgG against all three strains, but none of them
developed protective immunity against NTHi.
These findings provide support for the view that
three serial IT challenges of a single strain is suf-
ficient to induce the production of strain-specific
IgA which is capable of inhibiting the adherence
of the homologous strain to the airway epithelium,
while repeated IT challenges by three different
strains generate strain-specific IgA which lacks
such activity (Taylor et al. 1990; Kurono et al.
1991). We, therefore, examined the issue of
whether strain-specific IgA and its avidity were
associated with an enhanced bacterial clearance in
the lungs of mice (Kauppi-Korkeila et al. 1996;
Breukels et al. 2002). As we expected, the
increased IgA and its avidity specific to OMP of
NTHi were associated with an enhanced bacterial
clearance in the lungs of mice that had received
serial three IT challenges of a single strain (Table
4). No significant bacterial clearance, however,
was found in the lungs of mice that had received
serial three IT immunizations with different
strains despite the increased IgA and its avidity in
BAL fluid. Further examinations are required to
elucidate this discrepancy in mice that received
serial three IT immunizations by different strains.

In summary, three serial airway immuniza-
tions with a single or three different strains of
NTHi stimulated the production of cross-reactive
IgG and IgA in BAL fluids, but only three serial
IT challenges of a single strain could induce the
enhancement in bacterial clearance of the homol-

‘ogous strain in the lung. This enhancing cffect on

bacterial clearance in the lungs is, therefore,
primarily induced in a strain-specific manner. In
addition, enhanced bacterial clearance of a hetrol-
ogous strain was also found after three serial IT
immunizations of a single strain among two of a
the three strains employed for bacterial challenge.
Increased strain-specific IgA and its avidity in
BAL fluids was associated with an enhanced bac-
terial clearance in mice that had received serial IT
immunizations with a homologous strain, but not
in mice that had received serial IT immunizations
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with heterologous strains. The data herein sug-
gest that P2 molecules and surface antigens other
than P2 are involved in the development of pul-
monary defense against NTHi. Our data also sug-
gest that a host previously infected by a NTHi
continues to be susceptible to infections by other
strains of NTHi, and may explain the mechanism
of recurrent bacterial exacerbations of COPD.
Since only three strains of NTHi with different P2
epitopes were employed in this study, the conclu-
sions drawn are limited. Further studies will be
required for a complete understanding of the
strain-specific pulmonary defense against NTHi.

Acknowledgments

We are grateful to Kitajima N, Magome M,
Nogawa R for their skillful assistance, and to Prof.
Yamanaka N for providing the purified P6 protein,
and to Prof. Murphy TF for providing the purified
P2 protein and anti-P2 rabbit serum, and his critical
comments on this manuscript. .This work was sup-
ported by a research grant on the mechanism, epide-
miology, prevention and control of acute respiratory
infections, Ministry of Health, Labor and Welfare.

References

Abe, Y., Murphy, T.F., Sethi, S., Faden, H.S., Dmochowski, J.,
Harabuchi, Y. & Thanavala, Y.M. (2002) Lymphocyte
proliferative response to P6 of Heamophilus influenzae is
associated with relative protection from exacerbations of
chronic obstructive pulmonary disease. Am. J. Respir. Crit.
Care. Med., 165,967-971.

Anttila, M., Eskola, J., Ahman, H. & Kayhty, H. (1998) Avidity
of 1gG for Streptococcus pneumoniae type 6B and 23F
polysaccharides in infants primed with pneumococcal
conjugates and boosted with polysaccharide or conjugate
vaccines. J. Infect. Dis., 177, 1614-1621.

Boyaka, P. N., Marinaro, M., Fujihashi, K. & McGhee, J.R.
(2001) Host defense at mucosal surfaces: host defense
mechanisms and inflammation. p.20.1-20.18. In: Clinical
Immunology. 2 nd ed., R.R. Rich, T.A. Fleisher, W.T.
Sheater, B.L. Kotzin & H.W. Schroder, Jr., Mosby,
London.

Breukels, M.A., Jol-van der Zijde, EM., van Tol, M.]1.D. &
Rijkers, G.T. (2002) Concentration and avidity of anti-
Haemophilus influenzae type b (Hib) antibodies in serum
samples obtained from patients for whom Hib vaccination
failed. Clin. Infect. Dis., 34, 191-197.

Groeneveld., K., Eijk, P.P., van Alphen, L., Jansen, HM. &
Zanen, H.C. (1990) Heamophilus influenzae infections in
patients with chronic obstructive pulmonary disease despite
specific antibodies in serum and sputum. Am. Rev. Respir.
Dis., 141, 1316-1321.

Hiltke, T.J, Sethi, S. & Murphy, T.E. (2002) Sequence stability
of the genes encoding outer membrane protein P2 of non-
typeable Haemphilus influenzae in the human respiratory

tract. J. Infect. Dis., 185, 627-631.

Hischnmann, J. (2000) Do bacteria cause exacerbations of
COPD? Chest., 118, 193-203.

Hirano, T., Hou, Y., Jiao, X. & Gu, X.-X. (2003) Intranasal
immunization with a lipooligosaccharide-based conjugate
vaccine from nontypeable Haemophilus influenzae enhanc-
es bacterial clearance in mouse pharynx. FEMS Immunol.
Med. Microbiol., 35, 1-10.

Kauppi-Korkeila, M., van Alphen, L., Madore, D., Saarinen, L.
& Kayhty, H. (1996) Mechanism of antibody-mediated
reduction of nasopharyngeal colonization by Haemophilus
influenzae type b studied in an infant rat model. J. Infect.
Dis., 174, 1337-1340.

Kurita, S., Koyama, J., Onizuka, S., Motomura, K., Watanabe,
H., Watanabe, K., Senba, M., Apicella, M.A., Murphy, T.F,
Yoneyama, H., Matsushima, K., Nagatake, T. & Oishi, K.
(2006) Dynamics of dendritic migration and the subse-
quent induction of protective immunity in the lung after
repeated airway challenges by nontypeable Haemophilus
influenzae outer membrane protein. Vaccine., 24,
5896-5903.

Kurono, Y., Shimamura, K., Shigemi, H. & Mogi, G. (1991)
Inhibition of bacterial adherence by nasopharyngeal secre-
tions. Ann. Otol. Rhinol. Laryngol., 100, 455-458.

Murphy, T.E, Sethi, S. & Niederman, M.S. (2000) The role of
bacteria in exacerbation of COPD. Chest, 118, 204-209.

Murphy, T.F, Brauer, A., Aebi, C. & Sethi, S. (2005) Antigenic
specificity of the mucosal antibody response to Moraxella
catarrhalis in chronic obstructive pulmonary disease.
Infect. Immun., 73, 8161-8166.

Murphy, T.F., Kirkham, C. & Lesse, AJ. (2006) Construction
of a mutant and characterization of the role of the vaccine
antigen P6 in outer membrane integrity of nontypeable
Haemophilus influenzae. Infect. Immun., 74, 5169-5176.

Neary, J.M., Yi, K., Karalus, R.J. & Murphy, T.F. (2001)
Antibodies to loop 6 of the P2 porin protein of nontypeable
Haemophilus influenzae are bactericidal against multiple
strains. Infect. Immun., 69, 773-778.

Neary, J.M. & Murphy, T.F. (2006) Antibodies directed at con-
served motif in loop6 of outer membrane protein 2 of non-

" typeable Haemophilus influenzae recognize multiple strains
in immunoassays. FEMS. Immunol. Med. Microbiol., 46,
251-261.

Nelson, M.B., Munson, R.S., Jr., Apicella, M.A, Sikkema, D.J.,
Molleston, J.P. & Murphy, T.E (1991) Molecular conser-
vation of the P6 outer membrane protein among strains of
Haemophilus influenzae: analysis of antigentic determi-
nants, gene sequences, and restriction fragment length
polymorphism. Infect. Immun., 59, 2658-2663.

Novotny, L.A. & Balaletz, L.O. (2003) The fourth surface-
exposed region of the outer membrane protein P5-homolo-
gous adhesin of nontypable Haemophilus influenzae is an
immunodominant but nonprotective decoying epitope. J.
Immunol., 171, 1978-1983.

Samukawa, T., Yamanaka, N., Hollingshead, S., Klingman, K.
& Faden, H. (2000) Immune responses to specific antigens
of Streptococcus pneumoniae and Moraxella catarrhalis in
the respiratory tract. Infect. Immun., 68, 1569-1573.

Sethi, S. & Murphy, T.F. (2001) Bacterial infection in chronic
obstructive pulmonary disease in 2000: a state-of the art
review. Clin. Microbiol. Rev., 14, 336-363.

Sethi, S., Evans, N., Grant, B.J. & Murphy, T.F. (2002) New
strains of bacteria and exacerbations of chronic obstructive
pulmonary disease. N. Engl. J. Med., 347, 465-471.

—288—



74 J. Koyama et al.

Sethi, S., Wrona, C., Grant, B.J.B. & Murphy, T.F. (2004)
Strain-specific immune response to Haemophilus influen-
zae in chronic obstructive pulmonary disease. Am. J.
Respir. Crit. Care. Med., 169, 448-453.

Sethi, S. (2004) New developments in the pathogenesis of
acute exacerbation of chronic obstructive pulmonary dis-
ease. Curr. Opin. Infect. Dis., 17, 113-119.

Taylor, D.C., Cripps, W.A. & Clancy, R.L. (1990) Inhibition of
adhesion oh Haemophilus influenzae to buccal cells by
respiratory secretions. Immunol. Cell .Biol., 68, 335-342.

Troelstra, A., Vogel, L., van Alphen, L., Eijk, P, Jansen, H &
Dankert, J. (1994) Opsonic antibodies to oute membrane
protein P2 of nonencapsulated Haemophilus influenzae are
strain specific. Infect. Immun., 62, 779-784.

Wilson, R. (1998) The role of infection in COPD. Chest, 113,
2425-2488S.

Yano, H., Suetake, M., Kuga, A., Irinoda, K., Okamoto, R.,
Kobayashi, T. & Inoue, M. (2000) Pulse-field gel electro-
phoresis analysis of nasopharyngeal flora in children
attending a day care center. J. Clin. Microbiol., 38,
625-629.

Yi, K. & Murphy, T.F. (1997) Importance of an immunodomi-
nant surface-exposed loop on outer membrane protein P2
of nontypeable Haemophilus influenzae. Infect. Immun.,
65, 150-155.

Yi, K., Sethi, S., & Murphy, T.F. (1997) Human immune
response to nontypeable Haemophilus influenzae in chronic
bronchitis. J. Infect. Dis., 176, 1247-1252.

—289—



[mKKERE] RE  ®ENKKEP (11004 | 11ml [RORE)

ERHEDOORN

S < FSHE R
BRI N RN BRI

= 4 ¥ @

KR KA RIS SRR R I FR SR Y N & —
S H SR EERRD R

KN gR &

—290—



1y

N AN RN D m%aﬁ%wmﬂﬁﬁu&m"bc m&‘ﬁWJ%ﬂmmU M%w%mv

S ERBEBOOKRN

HHIEE < BRI G
TSI N\ O — SO SN R UM

=4 .@:@ (BRAS haw)

¥OQu

EXHFESRFEHEK S 1R-0 1
B RRELS s BRIEEUR
QS IME VMR 1)V ER
UmRG IRk S st
PESRMNAUREDT DAKRN L@
MR RIEEK AU O vty 5500 |
R wRR BRI 5o
KRB S KB 248" mR
{ SH-BREREREEBUS S e°

1) RO QEBINM-R QLR
ERXEEDANRN VIV i
FNHOB<UR I RJ[EEREE
KELSEDRNCZDARD

KEK T EHSEERSHKEHALER
PN DT I R AR R R

KO =2

(pneumococcal polysaccharide
vaccine ; PPV) A7 v R§4E -0
ERSRQ/ELE—2 N L NEORD
A (pneumococcal conjugate
vaccine ; PCV) A%R480°

~ ¥

BRGSO EXRERD KK
SREHROIBEN S SHTH
RiEHEe° EXEESLROE
B - SBHUE-EHOV IR B
HBVSERES VAR ORS
NI BRE OIS L DR 0
7 BRI 1) QO -SRI R A
é%?%b\ﬁ.@ﬁﬁﬁtﬁw

(81852 2HeQ)

MEKEER Y ~—N -~ B3R
SROW S UEEN R 500
Wi VOV B - s
BHEOUERIERK ( #8 KiFw
oAU F) O b BRI  BR I e @ ©
Q407 B - k8 -Q ORI ¢
HLOBKEMNY ERUL” &
¢ #EovEiEY SR Um<L
PRV EN FREMIRD Y
IR WA R ) A4

KHBOREVOVE WEHE
KigmdKEV Va1 B
KREs" 1R RKImEH-u W
BEX KEXY 0K @3
BY HEEKLHURE0 EXS

S0 EHEER R SR R I
R I BRIV $00° 8
PEREROY RRRCKE
IV BB R HER R RO
HE R OE-OEEK S s IEENT
HmwEDRVRURRVOWVE
BR800

WS QREDT IRV
RO EXERCHSSER LT
VRS DARAS®—% D

£040° QLSQROERE" v’

A~ Uik B o REERCRKIE
PO UEREER—— i gL
A p > (Pneumovax ®) t2 4 2
MIOEEHCHKR[/IK (E - w
R) ORI S 42°
EBREED VR 50K
TEEOW S ERIKE QLR
Er B U S ER AR RO
VRS T 0B e S0
o° EBIKIEW
EXHBEERECHKERY
FONAINAH NPRSUCTEE
BHEVEKEC IV BXESQ
DEL QVEREWEL VR
R K8 Q IR IEIH KW IH A~ Q°
ERLLN UK BEXu
HEE SEKUBEEGEIRKS

BARESE#HE No.4366 (2007 F£12 A 29 A)

71

—291—



iy

AR EREEHERCH
1118 Qa1 1 o @ R U B -0 St 4
Sivge” RO HEQ P& wH
R BEI KN 1 AU RSN M4
B S RMPRH -\ 5 040
UR RN S s BB
ENCERVE i D-PIE i

ZLM 5 UORMRE S R
£6Q°
REHEXCHVERKEESY
- 1
ER i
Jic SF B
jau 1 Ttes  ®
1o ] e i
g <f ~f S g
s | I
15 &} o< 4m
12 <l -0 ~u o
1c o} ~[ Qo M
m_% ~f Lo He _WL
g o ew 8 7
£ orge> B
o w] 2< W
g Y = K
3§ | o b=
Elx | - © < H
SR o e
[T @
o m™ " om -
=t (2 H
&l g
8 & ©

L REOBEPIE £IR -8R
WLV SR | R mRRCB
HKRUR SV EXEHFEDS AN
R H N5 tybe b UK 3 WIEE
N RN i

BREEEHRECEERERVO
VT EOREHKEHVEE L

DEEROER REHFRCHR

KQHRI|/R/4HBOxA QHmk
AWRIRrQ°

o N B

ER BRI 001 VR
BRI QUT KRERLEe
QR OEAWE T A0 1) AR IE-D
B0 s Q407 HaHW
B R ERIH ERRULRY
R ERHRVER R
NI Q0% EO N NgH
AP REFUEZUSLINN
S BRIV L0 BREK
R BERNN Q&
REMVEKERVEIP QR
KK IR 18 B (o 48 6 i iHIR
REHSVRs” RKEOKIRY
DEKEE RO RER
8RB 8 e°

FCRKERWRNVOV &
REBEREREN X R4 D2

WRVHKEUEKUQWP R K&
FRER-048 O |V E IR K (V48 10°
WO LR BEIE U K
REFOV S0)URE KRER
REREH 8 O V-0 D0 KB 1
R A8 QA TE 5 st 5t i
RNEK 48 0Q°

< 0 ¢

EXRHFESHKEC ORv OV’
EXHREURERCH ORERS
TR [ERLRTNRY 1|
DN DIRQU QIR Q E
CRa I S PP ORVE SN Y-S (-5
HESC L VORI R VTRV
RO DR RIEH S HEH
SHRUIL EXHRBOKRERE
He¥V Qs BHEBECESE
EBKSEEUS 0500

3K L 28 £ K o RS- RX I < (O
V=) P BONERHULHRY
HAAD N OU R QIR AT e -4
B (Z—~0) R o S¥Y\ T
N QEW ¢ 1 N Nl HER
BER(rnnn) o
SENBWY AN EFETER
BE (a~na)” - o¥N\ T

e ]

RHUWC NN BEERET

(rena) VHEOIW 500 R

)

<BEXYVOAxnAQREOB ]~
BRYWIQ/IVRS” SHOBEK
Lo QR SRR ATR 48100

ERSLE&Y QO S v EmE X
FEPURONc oL LIRER
SE<LEFEXRXMER NN
REUSVRS” ERFEHEY

SEH UMK OW 2 0° HIQEL”

KT B HEERIE © N 4 D
DN SRHIRRUPHS ST D XM IN -
D—AEN 0N QORISR
K" <\ELWOBLIIDN
pRAHREK C IR RIS up” R =Y
PNHSHEHRE RAL S
PRARER SV RBE WIS 00°
BEHBHYUROVE o
S o b MK O Ok
TN K AQ 6 5 MK BRI
S AN L2 6 R MNBER
NT A RUKUS VR BEK
SHERE) O S vl OvRY WV
50° NS HVEXKEFEERRKY
ROV B O RIMIHWEO
PR IREERAIU-P Y KR D

VN QRIPRBERUR Y SR°
0 B R
= | REHERH
KRR EBZIFUZR ER

72

BAREEZE#HH No.4366 (2007 £12 A 29 H)

—292—



It

SRR U QR I R )
SRR DR O o
DN SR SR BN
R REE O EWE AU
L URE V48 R°

SID™RN
EXEEDARNBR<SUES
QRO RKEE T
B8O -~RKEIURWV S
RQ° Aup > TERHFR O HIKQEE
KRRV LVLBRD AR N S
= SQECEERB—~ " o
<+ n oM =~ 0 oz’

o’ S’ o<’ [t I8

—
2 D~ ” r
M Sr” VO 2« 2’ K7

N R’ B

o % Q o
Wi S ki
K il oz £
RlLP 4E S
ﬁm%‘mw& 1) o N K-
KL mo )
Slfs 28 riEC
= wH Qe I8
tled e Bl
60 e PR Y
R 7Q%Em@ nTax
TlES SHE oRUE
RlxX fuguilS
Uolg s Qaopx R
B gk Bux BES S
RIvE BRe BT
= & By 2 BE S
RlSe¢ T g *®

BHUBERRSOER

FEPRT.

BEREE,

¢ E M- 12 SO RE B RN IR (<O
—a) B mooni-UEREE
EREHO B RER VIR
O SWVIBRANTY R B
HHOMEH UROIV B>
ETRER/BEEWUK WV S0V’
BREBSTHERERINN A O
I 50Q°

LRREWVIE~cc0olFnpn>
(Pneumovax®) RHEI WL\
Y HE—~— R<GEKE W
DI cacoanlREHEE
NH SN ¢ S - EREE R
~ a0 i B O IR =< R R i
RS ool
P UER o oIRKWELC Q

&
TWBET, BHRERABETIRED

KROHZDHBE
14 BELEDOFRBODHHEE

=)
4) EIEIEREE T 2RBEPTFESIN

3)

RELQTRKE DN RN S
BEKUIB P RUKLIE" @
P ES R ORE RO
AT R DA R D EEE Q U0 S50 5D
R B R0 QREL QT 0 A
A © BB R ATV IR v L1 A
A A > B KR M R S TR XD
RANSVT KHE ( SHEIIRE R
HPERRT MR UEDIVSRR
B 5° DAR N R
XL QW BHRIFERCRIE" &
# OEm RKEVL OLP0 W
ORIHURIQOLQR" O
B2 S BAMS” QREVH
IR (o L 4H4E LR Q0 ST
LEOEBM S
REVOERTVOV an>
CEHFBEILREIVIRQORYV
S48 SR OR° KEVE
REH SHRKER | i@ o<
R HHE OIIREO L T 18
HRAHVOERBRIROORWVS
R NoonHAR QREVD
AN N K 0 B BEEE e QI S

R EHSIR<F R 0L R

NROe<y ( CEBERRKS
HMEUM OV I QRENRS
v -0l K © XMW IR D™
SHERHWFR R A @ #) A R BK S

FE Il 50°

§$407 Aa> BEEIEOMINC
EXHRBHH-EBUROWVOSEK
EEERUVLR VOO
3 ¢ R Ao nQ I 18I 4K SR AU 4% O
v 50° FARMEEWE-aVIV
> QHIX QR UNREEE
HEMEORMVRS” >0
EH-EHUErO SUBQ R
R SRBEU S QUBERE
B QIR R B < r0°

1R OB ESAO>—
o~ (Prevenar®) @ ¥E v ncoo
HFUREWLR VORKEIWR
0 miivtacon-fomIR
R RIEHE RS YU R LERBE
AQNQ°

1) QD AR D BEREEC KK
RNEEWOX S —~ o= 5o
S S RE QDN Nk Nk -VIE
PR rulgs” Sk &
BEHWER VN BN - CmRR
48 O V2 iREWER VR A
O HKU R 550° A0 -
NH < om e X B
TS {ESP 0 CEERCNEE
FWIR W S RR7 1) Q o~ EHEF
BREULQDREREHEKES
SAOREHEOER BEKSRXR’

AXEEHE No.4366 (2007 £12 A 29 H)

73

—293—



iy

PPFH RO BRIRL—DAV S
° REIVvHEaoco—HROM0
- R KL O VN
Den—RvBaniU<ES
BT U048 O 1 500 (1K

N)° Y HKESSTR(
SHMFIRIM " kFEV - E Ve
RR BESUVHEoHEHYLER
a0 DY S RE-PR S &
WO VS O\ 5Q°

2R MO8

. KHEVENEKESS
58 o |8 metpme e
= e : N .
! : : a - R QER KNGS
28 | (B, g8 |3 ocmuReomEs
[ m (@] ~
. I heke 28 %o |§ ®EwuUSVIeOK
ABEN ES . AN |2 o) mor-enmm
R T T L Y
R EIERS P28 8 g ® a ¥ HEHEVL O N
NSl 183 S --29 | & ;
.M gl |S8ee .WWS.S..W.WM < BHEKEEEKES
= G & I} ¢}
i Wn - C 0! 00D iR KR UP A e © 1B 4%
®E oo B | 08 O BEYOKES
2 a |S38 |2y i.8
© C o I H
e H.mkkk m.u.mw P8 o
~ Ol 233 [Tiel it
| .NSoooooo =3l s~ ~ RN
N. w«|.© : o Jar
w Olgl ¢ ¢ <3 ol — Irs) s
BlElwwo |95 1008 () \n
Q. Q. Q &
oSl n (BT TED a) B A +6
el 888 B85S 88 o| =< Z
L5 |08 0o|0Z|ei22 2 E e 3
h@ %) VT TO . OmOOSO N ‘¢ m._m e
NDANN T cioofn 7 [
1 2 . : 9
m g : /u 8
2 Ele | g ®a g
¥ |£|E " ig 10 :
o @] ! @ Na ﬁ/
o £ ~| X .
~ £l ! MRS
LEE 5| | . >|$Sasx8
S £ | g ODled T8
~—~ ! o a _.P_/A_,A/ P
1 o| S K
Z o .9 o & o |8 K
Dt IR L0 0] RBY Y o ®
| © ' [qV] = Oﬁ
ol 1 o ¢ O R .. # ~< 29
ENSHRRNE 7 o
— N : o -

T2, HIV RBREAE

(TN P EHIA R REEW S
MRs EREEN4EIRS
pi- SAPERNAE: 5ty R PRV P TR Ve c b
IR AOP- QIS
PO Q EEHARNCEXREHER
HRIHPDERBFEIRSYOINR
H N8 type b 3V R L~
QRPBHECHESREPEUS W 5:0°
R AO>BAO>-~RE
U BOEODANRNFE
CHE SDESUSERMLMLDARD
RERERUISVRs” VOEY
BaoAdN2HNPRGBEKES
AN L ARBRVUELUP LD AR
N7 AN N2 H N PR BIKK
(S b ERREKWRESW S

e Q
M R =
B4R A zZ
W N2
W ® L5
cuE® 5
o W E
B W g qm <

QK ~ &

K$HESDSS K2

ST

T E Y K ,

SeEclTEn S

v SR T o =

\bf%%*ﬁm%%m

Mﬁﬁﬂmm._ﬁ.%85A

R DARNPERE VR o E
AU OIEIRENNDRERR
WO D R KEHIERCEEWET
i (mR) WEAURLY SO
158 RAVUNPOIEDER
Kro-REORRRURE
A QO 4 oo TR OO HEE” <
PAMEURNLERRI N uR
HOVSREADLY SET
LR PRORKREL WS R

RO

EXHBENARNTE QREWY
Haas QS vBage g i
EXEEAYSS O WV 5 00R7T N0 QD
RONL SN FER " EH#
BOERRIFEUEKUSRIN
RBHM R S R° WA O >
UQLuE QRFYOWERSR
ExUKnvEorls” HES
RABIRMERIRIEL K 500°

00T WOV
1) Qin L, et al | Epidemiol Infect 134 :
1188, 2006. 2) Centers for Disease
Control and Prevention : MMWR Morb
Mortal Wkly Rep 46 : 1, 1997. 3)
Madhi SA, et al : Nat Med 10 : 811,
2004. 4) Cutts FT, et al : Lancet 365 :

1139, 2005.

74

BAREZE#HI No.4366 (2007 &£ 12 B 29-H)

—294—



' IR 7 DR

IR EERERE & AR TR RE

— BAREHN SERRENDES

Respiratory infection and mucosal immunity

.ﬁﬁﬁl
2y
e NI Ef&

' ~g Kazuyoshi Kawakami

LR FE R AR RE Y HERFEREEN S

OFERBEHMEN L EOBARFICAZATRBEIN TS0, ST LRBEREEIBNIREL TW5,
FIz Yy, ALIFL(H—T7 o8 705742 A, D), #HthE EOFBERVWAMRTFH LU0
Tr—3, BUKME, 1FPIR, NK #E, NKT #82, 6T Mfah EOMBMERF» SBR SN 3 BRRRE,

ZLTREEES SUBBREREICL > TERENIBEREISEETHY, ThSPRERBERIRICENT
ZEEAY - BEREAVICEHE L TREMEMORAICHLL TW3. KXIETIE ADS DEELHMRRRRETH S
0T RayHRERDIC, FERSSHEIEERIC & 3 BEMEEEIC OWTEBT 5. TOA AT, NKT i
FaE yoT #E2IE TH-Th2 ¥4 b HA NS X EFRWICAHTH2ET, 77U 7 b3y HAUTHT 5H1
RESESEREICHEL THY, MBREIC DL 5 &5 B BRLTEERIGE 72O DIFW 4 SREHEEOTF

YV FHRINS.

Ke sh
W0¥d ; EE@*, Hfﬁ,

BRARE, BERE, Th1-Th2/{5V 2R

FRIZERENLCHREELTED, DRIIK
FHEDZEDNAREYORAICEI S EINT
%3, TREIIEAL 5um M EDRYIIRRIC
o TBOLN-REPCRE MBI L - THifES
n, e ECcEREST s Z Eidhwn, L, &
LAEDREMEYZ ST S5um UTONS B E
VNIl E CERET B Z EASHRETH D, BN
NYP—DHRTIEINEGHEETDH 5, KBTI,
BN ) 7 — 22 TRAL TELEYICHL
TEBEICFEEL - 0B HY 2T L0HFET 5.
IHiEKE(HRRE LERBRBICOETAZL
BTES,

ARG TN BT RIS X 7 LAz ow
T, £ AIDS AT 2 HMAREEREREE L
TEER7Y 7 bay ARBRIINTEINGD
GBI ERBIC OLTEEZE SO T -y 2L
DBOREHL 720, '

| U T bawhRRER

2V 7L ayh ARER, SEEREERET 58
BRIEE D Cryptococcus neoformans 12 & > T5| &
BZInsiis L CLHHERRETH S, RFEIZ
BHELRERTTHD, w7077 —YPo6DHE
BIESIME R T, BEF D C neoformans 135K
EROTED, Z20-DICKEZEN5um LT &
INE L, REDOEMI Y 7 — &8 2 TR
FTRATRZILENTES, VD ELVBEET
BT LRBEEETSLIIOCARD, BEDPS
D HBREIGE N LML BT 2 LEZS
NTw3, X5, BT C neoformans (3FHAE
PIIHER BTk, v7u77—2 K
LABEPODIRY - THEEH L T 2Y. %
D=, BRGIECIRIERE D HIC & 2 PR
TSR o HlE T &9, Mgz
ELEBREORNIBNEE RS, LL, &

EZD&PH Vol 221 No. 11 2007.6. 16 | 891

—295—



FOMATIEHRGRELEBELZHZH->TE
D, DIROERRBEDRIICO KE LR HEL RIE
TILEDPHSLIIEDDDOH B,

[ REEARBETIC & 2 BaEh

BRGE T ERSERE CHBIEL 5 2 RETH
ELTEY, BALLEHCH L TEDP»ITEE
THILEPTEL, [EX - MilEkikhiciz% <
DBRUEBRBERFBEET M, I TRF
Jxvyy, aAvIFy, fEIZOBT2Y 7T
3y AREGLE DBEEIZOWTHENT 5.

1. 772> .

T 7 2V IR E 2,000~6,000 DHLE A F
FZy IXRTFFTHY, RE&La, BF72vy
iz en, znFhFPER, & LR
CEEDWMENS, F7 2y I3RS T
T 52 L TIASREMED IR L TREEES
AL, C neoformans ba7 7 2V Ilk->TH
BREsn Y,

2. AL IF>

AL FVREBRIAB AL v a5 -4
VERFE AL U OSRBILENBEATH Y, HREH
EYD~r ) —AEFELRHT 3. MlgkEiciz-
V) —ABGEVIF M ATY—T7 7 2 ¥ v b
# H (surfactant protein : SP)-A, -D B3HET 5.
SP-A i, »7u77—-YIlLB5ERICNLTH
TV ZEREEE R OH DD, C neoformans ~
RERGFRICHEET 5Y, —%, SP-D 3% &
Va7z C. neoformans ICFEE L, TN EBEEI TS Z
& TRGE E MM OMEBEENIC & 2 PR R RET
39,

3. #tk

C. neoformans |3 HIFRIEIC & - THEHBEHE 2 IE
HALL, 4£U7 C3 MK »HEREICERT 5.
C3® C52REBLAECYATIRZYV T ayh
ARBRDEANT D Z Lo, WEBERLEOH
BB THEELEEHZHIDDEEZIONT
W3,

| EIARRIEMRRIC & 2 EEiE
TPl 7 0 7 7 — O DSBS L,
NERBYDOBAZERL T3, RIEFICIIMEL

892 i ESOHWH  Vol. 221 No. 11 2007. 6. 16

D RIS ERE T 505, Z DI IZEFPER,
< /7n7 77—, BRGZE) VR BEBEETN B,

1. WR</7Q77—-2

fifgd~2ra7 7 —YR3AEEYOEERLY A b
AA VEAICK 2 REFSERAZEBL T, MR
BT B0 E R TEELRRE #H>Tw»
5. fil@vsu7 7=t 7y = fbEnk C
neoformans TR LCEABT B E LB, BEE
TEMEY A P AL v REEDWL, 2L T CDA'T
MR U CHIEZBRBR L, Z0MRIGRA v
& —7xaV(IFN)-y EE%FET 3,

2. iFrhER

WHAERICHFRRIIEEL TR ST, REM
Y DR EWC & > THik»IEEA AL S, Mk
277 7= hOREEYA P AL R IL-8
BREDTEAAL VDEEINS LHEPHLICMEN
26 eI BT 5. MIlENETiE Th B 2 Y
T ay B ABRRETRFPROBEIIBENTH
2EEZONTVE. L LESE, FPERIES
Ml LTI Th, 4 b4 VEEEZMNL
THREREERZHRET 2 LOBEDL R INTWL
5. 7Y 7Py hRABRECHIFPRERET S
TETULABYEIRET YL OWME, H5\id
FHRBREECEEYT 2 I oLt 3y ¥ —¥%
BEMICRIBL 27 A TRAERIC & 2189488
RPBLT 2 Lo MEIBRENTE Y, 5%
DB BHETH 3,

3. BRAREY > /NER

Y yosERICIE, JEEO T, BHIFEDIELIC, NK
#ifE, NKT #ife, yoT Mg, B1-B filso et
MonTwa, s OMBEREIERISEDR I
EELE N, HREBOBIICKEET 2L W E
RTHRAREY VR E Jidh 5, SBEOWET
W EARGEY v 8RDS Th1-Th2 /S5 v A% L JE
BRED “H” 2RET3AREESHEEI N T
%,

@ NK#ifg-----NK #ifgiz d 5 5 U oBET 2
CEBSENHEREEETAIENTES, NK
MIRELS 2 ) 7 b a v h A BGHcEE L &E %
H ZEBUEILSHSN T WA, 2D
BB TIdRw, EEZY Fhavh 2%
BETLELOMEDASNBVH, #FE o 12 iEMA

—296—



