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hph DNA at this time-point were virtually superimposable
with the relative levels of infected cells (dashed lines). These
results suggest that a uniform fraction — perhaps all or nearly
all — of the hph DNA molecules that were stably associated
with the infected cells were present in functional, integrated
proviruses.

It seemed possible that the hph DNA molecules that are not
stably associated with the cells could be blocked with respect to
entry into the nucleus, prior to proviral integration. The
presence of closed 2-LTR circular DNA is frequently taken as
an indicator of entry of viral DNA into the nucleus (e.g., Yuan et
al., 2002). We therefore measured the level of 2-LTR circles in
the cells 24 h after infection. As shown in Fig. 6 (triangles), the
relative levels of these circles are significantly higher than the
levels of infection or of stable hph DNA and correspond closely
with the level of hph DNA in the 24-h lysates. Thus, there is no
indication that the nuclear entry of DNA molecules is blocked in
the cells infected with the mixed virions.

Discussion

We have shown here (Fig. 4) that two MLV Gag proteins
which lack the absolutely conserved proline residue at the N-
terminus of the capsid domain are potent dominant-negative
inhibitors of infectivity when present in virions together with
the wild-type protein. In one of these, S2D, the change in the
Gag coding sequence prevents cleavage at the pi2-CA
boundary, so that no free N-terminus of CA is formed during
virus maturation. In contrast, the other mutant studied, S2G,
undergoes efficient cleavage at this site, but the resulting N-
terminal residue is glycine rather than proline. (Cleavage at the
C-terminus of CA is, however, incomplete in S2G mutant
particles (Fig. 1B). It is somewhat surprising that the cleavage at
site 3 is inhibited by the replacement of proline with glycine at
site 2).

We attempted to identify the point in the viral replication
cycle that is blocked in the particles containing both wild-type
and mutant Gag proteins. We found (Fig. 6) that the proportion
of mixed particles synthesizing late (i.e., hph) DNA products is
reduced in the mixed particles but is still significantly higher
than the proportion that successfully establishes infection. The
presence of the mutant Gag proteins also has a less drastic
effect on the synthesis of 2-LTR circular DNA than on
infection or stable association of viral DNA with the cells,
presumably in integrated proviruses. Taken together, these
results imply that there is a fraction of the phenotypically
mixed virions which synthesizes DNA, and that this DNA
enters the nucleus but is not integrated into cellular DNA. One
hypothesis that could explain these results is that these DNA
molecules are unsuitable substrates for integrase: perhaps there
are subtle defects in their ends, as has been previously
described for mutants in NC (Gorelick et al., 1999) and, in
HIV-1, in the RNase H domain of reverse transcriptase (Julias
et al., 2002).

The ability of the mutant proteins to interfere with the
function of the wild-type CA in the mixed particles implies that
wild-type proteins do not function as monomers, but as part of a

large, organized assemblage; this large functional unit is
apparently disrupted and inactivated by the presence of mutant
proteins within it. This structure is presumably the mature core
of the virion. Mutants elsewhere within HIV-1 CA have
previously been shown to interfere with infectivity in mixed
particles (Furuta et al., 1997; Mammano et al., 1994; Trono et
al., 1989). Interestingly, a recent study of poliovirus pointed out
that genes in which mutations show trans-dominant effects can
be particularly attractive targets for antiviral therapy; indeed,
screening for trans-dominance can be used in the selection of
drug targets (Crowder and Kirkegaard, 2005). Taken together,
these observations highlight the potential utility of particle
assembly and maturation as potential antiretroviral drug targets.
Unfortunately, the lack of basic molecular understanding and of
convenient screens has made it impossible to exploit these
targets to date.

The results presented here have, in part, been foreshadowed
by previous reports using low doses of PR inhibitors on HIV-1.
It was found in these studies that drug concentrations which
only prevent cleavage in a small fraction of the Gag and Pol
proteins lead to production of noninfectious particles (Kaplan et
al., 1993; Krausslich, 1992). It was also reported that the loss of
infectivity in these particles is more severe than the defect in
reverse transcription (Kaplan et al., 1993). Thus, these results,
like those in the present study, imply that a minority of
uncleaved viral proteins (as in the S2D:wild-type mixed
particles) can block infectivity without blocking DNA synthe-
sis. However, they do not provide information as to which
cleavage sites are so critical for infection.

The present results also add to the growing body of evidence
indicating that the mature core of a retrovirus particle plays a
crucial role in reverse transcription. Thus, mutations in HIV-1
CA that alter the stability of the core in viral lysates affect the
kinetics of DNA synthesis during infection (Forshey et al,
2002). In addition, mutations that replace either the N-terminal
proline or its aspartate partner in the buried salt bridge in CA
interfere with both formation of the normal core morphology
and the initiation of viral DNA synthesis upon infection (Fitzon
et al., 2000; Tang et al., 2003; von Schwedler et al., 1998).
These studies all suggest that uncoating of the viral genome is a
critical, tightly regulated step in infection which requires the
correct conformation of the N-terminus of CA. In MLV also,
mutants near the N-terminus of CA have been shown to be
impaired in reverse transcription (Auerbach et al, 2003).
However, we are not aware of prior reports implicating CA in
the successful completion of integration-competent viral DNA
copies, as suggested by the data in Fig. 6. In this connection, it is
interesting to note that retroviral CA proteins are also the target
of several cellular restriction systems, including Fv-1, Lv-1, and
Ref-1 (Lee and KewalRamani, 2004). It appears that some of
these systems interfere with infection before viral DNA
synthesis (Stremlau et al., 2004; Towers et al., 2000), while
others interfere with a subsequent event (Jolicoeur and Rassart,
1980; Yang et al., 1980); again, these observations would
suggest that CA functions both in the initiation of reverse
transcription and in its successful completion or in the
integration of the DNA product.
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Materials and methods
Cells and viruses

All experiments described here were performed with full-
length Moloney MLV proviral clones ultimately derived from
the infectious clone pRR88 (Fu and Rein, 1993). Virus particles
were produced by transient transfection of 293T cells, using
Transit 293 (Mirrus) in accord with the manufacturer’s
instructions. When viruses were to be analyzed for infectivity,
either pBABE-Luc, which contains the firefly luciferase gene
from pGL3 (Promega) in pBabe Puro (Morgenstern and Land,
1990), or pLZRS-EGFP, an MLV-based vector encoding GFP
(Dardalhon et al, 1999), was co-transfected with the MLV
proviral constructs being analyzed. Infectivity was then
measured by infecting either NIH3T3 cells or 293T cells
expressing the ecotropic MLV receptor MCAT (Albritton et al.,
1989) (a kind gift of J. Cunningham), and either enumerating
GFP-positive cells as described (Oshima et al, 2004) or
assaying cell extracts for luciferase activity using the Luciferase
Assay System (Promega) 48 h after infection. The cell extracts
were also assayed for total protein content using the BCA assay
system (Pierce) according to the manufacturer’s instructions.
MLV containing a mutation at the active site of reverse
transcriptase, changing residues 223 and 224 from aspartate to
lysine and leucine, respectively (a kind gift from Robert
Gorelick, SAIC Frederick), was used as a negative control.
Except where specified otherwise, all techniques were as
described (Oshima et al., 2004).

Electron microscopy

Released virus was examined afier it was collected by
immunoprecipitation on protein G-Sepharose beads as previ-
ously described (Campbell et al., 2002).

Viral RNA

Virions were assayed for hph RNAby real-time RT-PCR as
described (Hibbert et al., 2004).

Viral DNA synthesis

The ability of virus particles to perform DNA synthesis upon
infecting new host cells was assayed as follows. Viruses were
produced by transient transfection of 293T cells that had
previously been stably transfected with pLXSH (Miller et al,,
1993) and selected for hygromycin resistance. The virus
particles obtained following the transient transfection were
then used to infect 293T cells expressing MCAT. 24 h later, the
cells were lysed by the QlAamp DNA Mini Kit (Qiagen,
Valencia, CA), and the cell extracts were assayed for
hygromycin phosphotransferase (hph) DNA by real-time PCR
as described (Hibbert et al., 2004). Two-LTR circles were
assayed by real-time PCR using 5'-GTC TCG CTG TTC CTT
GGG AGG GTC-3' as the forward primer, 5'-CAT CTG TTC
CTG ACC TTG ATC TGA-3' as the reverse primer, and 5’

FAM-GGC GTT ACT TAA GCTAGC TTG CCA-TAMRA-3’
as the probe. These reagents were designed to anneal to
sequences found in both MLV and pLXSH. The extracts were
also assayed for the single-copy gene CCRS by real-time PCR
in order to control for differences in recovery of DNA from the
extracts; these assays used 5'-CCA GAA GAG CTG AGA CAT
CCG-3' for forward primer, 5-GCC AAG CAG CTG AGA
GGT TAC T-3’ for reverse primer, and 5’FAM-TCCCCTA-
CAAGAAACTCTCCCCGG-TAMRA-3’ for probe. Plasmids
used as standards in these two assays were a kind gift of Robert
Gorelick.
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Abstract

CDld-restricted NKT cells are reported to play a critical role in the host defense to pulmonary infection with Pseudomonas aeruginosa.
However, the contribution of a major subset expressing a Val4-Ja18 gene segment remains unclear. In the present study, we re-evaluated
the role of NKT cells in the neutrophilic inflammatory responses and host defense to this infection using mice genetically lacking Ja18 or
CD1d (Ja18KO or CDIdKO mice). These mice cleared the bacteria in lungs at a wo. - :udle level to wild-type (WT) mice. There was no sig-
nificant difference in the local neutrophilic responses. as shown by neutrophil counts and synthesis of MIP-2 and TNF-«, in either KO mice from
those in WT mice. Administration of a-galactosylceramide, a specific activator of Val4+ NKT cells. failed to promote the bacterial clearance
and neutrophilic responses, although the same treatment increased the synthesis of IFN-v, suggesting the involvement of this cytokine down-
stream of NKT cells. In agreement against this notion. these responses were not further enhanced by administration of recombinant IFN-v in the
infected JoI8KO mice. Our data indicate that NKT cells play a limited role in the development of neutrophilic inflammatory responses and host
defense to pulmonary infection with P. aeruginosa.
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1. introduction

Pseudomonas aeruginosa, an important causative micro-
organism of nosocomial pulmonary infection, frequently in-
fects patients with end-stage chronic obstructive lung
disorders, cystic fibrosis, and diffuse panbronchiolitis into
acute exacerbation caused by overgrowth of this bacterial
pathogen [1,2]. It also causes fatal systemic diseases, partic-
ularly in immunocompromised patients with chronic debili-
tating condition, cancer, and burns [3,4]. P. aeruginosa is
eradicated from infected tissues mainly by a neutrophil-
mediated host defense mechanism [5—7]. Upon infection
with this bacterium, alveolar macrophages initiate an inflam-
matory response involving infiltration of a large number of
neutrophils from the circulation into the alveolar spaces
[8.9].

NKT cells are a lymphocyte subset that acts as a potent reg-
ulator of inflammatory responses by rapidly secreting large
amounts of cytokines [10,11]. It has been demonstrated that
NKT cells played a protective role in the host defense to var-
ious infectious pathogens [12]. Mice genetically lacking
Vald+ NKT cells, a major subset of NKT cells (Jal8KO
mice) are reported to be highly susceptible to pulmonary in-
fection with S. pneumoniae, which correlated with attenuated
neutrophil-mediated inflammatory responses [13]. In a study
by Nieuwenhuis and co-workers [14], P. aeruginosa infection
was exacerbated with the reduced accumulation of neutrophils
in the lungs of mice with genetic disruption of CDId gene
(CD1dKO mice), which lack the majority of NKT cells
[10,11].

Some earlier investigations did not find any evidence for
the protective role of Val4+ NKT cells in the host de-
fense to several infectious pathogens [12]. Indeed, some
studies indicated the suppressive role of Val4+4 NKT cells
in some infections [12]. In addition, CDIdKO mice lack all
CDld-restricted NKT cells, including some other NKT cell
subsets than Val4+ NKT cells [15]. Therefore, the contri-
bution of Vald+ NKT cells, a major subset of mouse
NKT cells, to the neutrophil-mediated host defense to P.
aeruginosa remains unclear, including whether it is similar
to that reported previously for S. pneumoniae infection
[13].

Recently, clinical interventions using o-galactosylcera-
mide (a-GalCer), a specific activator of Vald4 NKT cells
[16], have been attempted in patients with malignant dis-
eases [17,18]. Infectious disease caused by P. aeruginosa
also could be a candidate for such treatment. On these
backgrounds, it is important to comprehend the role of
this particular subset as well as CDld-restricted NKT cells
in the host defense to P. aeruginosa infection. In the pres-
ent study, we used Jal8KO as well as CD1dKO mice, to
re-evaluate the effect of NKT cell deficiency on the
clinical course of P. aeruginosa infection and neutrophil-
mediated inflammatory responses. In contrast to the
previous report [14], we failed to find any significant dif-
ference in these parameters between NKT cell-deficient
and control mice.

2. Materials and methods
2.1. Animals

Vald+ NKT cell-deficient (Jo.l8KO) mice were estab-
lished by targeted deletion of the Jul8 gene [19] and back-
crossed eight times with C57BL/6 mice. CD1dKO mice [20]
were kindly provided by Luc Van Kaer (Vanderbilt University
Graduate School of Medicine, Nashville, TN). These mice
were bred in a pathogen-free environment in the Laboratory
Animal Center for Biomedical Science, University of the
Ryukyus. C57BL/6 mice were purchased from Charles River
Japan (Osaka, Japan) and used as a control wild-type (WT)
animal. All mice were used at 8—15 weeks of age. All exper-
imental protocols described in the present study were ap-
proved by the FEthics Review Committee for Animal
Experimentation of the University of the Ryukyus.

2.2. Bacteria

P. aeruginosa (PAO-1) were cultured in Trypticase soy
broth (Becton Dickinson, Franklin Lake, NJ) at 37 °C, har-
vested at a mid-log phase, and washed three times in phos-
phate-buffered saline (PBS). The inoculum was prepared
based on its turbidity. A serotype 3, clinical strain of S. pneu-
moniae (URF918) was cultured in Todd-Hewitt broth (Difco,
Detroit, MI) at 37 °C in 5% CO,, and the inoculum was pre-
pared in a similar way. To induce pulmonary infection, mice
were anesthetized by intraperitoneal injection of 70 mg/kg of
pentobarbital (Abbott Lab., North Chicago, IL) and restrained
on a small board. Live P. aeruginosa or S. pneumoniae were
inoculated at 50 pL. per mouse by insertion of an outer sheath
of 24G 1.V. catheter/needle unit (Becton Dickinson Vascular
Access, Sandy, UT) into and paralle!l to the trachea. In every
experiment, a quantification culture was performed to confirm
the inoculation dose.

2.3. Enumeration of live bacteria

Mice were sacrificed on Days 1 and 2 (P. aeruginosa) or 3
(S. pneumoniae) after infection, and the lungs were carefully
dissected and excised, and then separately homogenized in 2
or 10 mL of half saline by teasing with a stainless mesh at
room temperature. The homogenates, appropriately diluted
with half saline, were inoculated at 100 ul. on Trypticase
soy or 3% sheep blood Muller-Hinton agar plates for P. geru-
ginosa or S. pneumoniae and cultured for 18 h, followed by
a count of the colonies.

2.4. Trearment with a-GalCer

a-GalCer was kindly provided by Kirin Brewery Co.
(Gunma, Japan) and prepared as previously described
[21,22]. The stock solution of a-GalCer (200 pg/mL in 0.5%
polysorbate 20 in normal saline) was diluted to 10 pg/mL
with normal saline. Polysorbate 20 solution (0.03% in normal
saline) was used as a control vehicle solution. a-GalCer or
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control solution was injected intraperitoneally at 200 ulL per
mouse on the day of infection.

2.5. Administration of anti-IFN-y mAb or rIFN-y

At the time of infection, mice received a single intratra-
cheal administration of neutralizing anti-IFN-y mAb (R&D,
Minneapolis, MN) or control rat IgG (ICN Pharmaceuticals
Inc., Aurora, OH) at 25 pg/mouse. In some experiments,
mice received a single intratracheal injection of mouse re-
combinant (NIFN-y (PeproTech Inc.. Rocky Hill, NJ) at
50 ng/mouse or PBS as a control.

2.6. Preparation of BAL fluids

Bronchoalveolar lavage (BAL) fluid samples were collected
as described below. Briefly, after bleeding under anesthesia
with isoflurane, the chest was opened and the trachea was can-
nulated with an outer sheath of 24G 1.V. catheter/needle unit
{Becton Dickinson Vascular Access), followed by lavage of
the lung three times with 1 mL of chilled PBS. About
1 x 10° cells were centrifuged onto a glass slide at 800 rpm
for 3 min using Auto Smear CF-12D (Sakura Co., Tokyo),
and stained using the May-Giemsa technique. To analyze the
leukocyte fraction, at least 500 cells were examined by photo-
microscopic examination. The number of neutrophils was cal-
culated by multiplying the leukocyte number in BAL fluids by
their proportion.

2.7. Measurement of cytokine concentrations

The concentrations of MIP-2, TNF-a« and IFN-v in the lung
homogenates, prepared by teasing with the stainless mesh
without collagenase and DNase treatment, and culture super-
natants were measured by the respective enzyme-linked im-
munosorbent assay (ELISA) kit (R&D). The detection limits
of assays for MIP-2, TNF-a and IFN-y were 1.5, 5.1 and
2 pg/mL, respectively.

2.8. Statistical analysis

Analysis of data was conducted using StatView II software
(Abacus Concept, Inc., Berkeley, CA) on a Macintosh com-
puter. Data are expressed as mean £ standard deviation
(SD). Statistical analysis between groups was performed using
the ANOVA test with a post-hoc analysis (Fisher PLSD test).
A p value less than 0.05 was considered significant.

3. Results

3.1. Host defense to P. aeruginosa infection in NKT
cell-deficient mice

To determine the role of Val44 NKT cells in the host de-
fense to P. aeruginosa infection, we established a mouse
model of acute pulmonary infection. In this model, bacteria
were gradually eradicated with time from the lungs. Initially,

we compared the clinical course of P. aeruginosa infection
by counting the number of live colonies in the lungs of WT
and Ja18KO mice. As shown in Fig. 1A, bacterial counts
were slightly lower in Ja18KO mice than WT mice on Days
I and 2 at a high-dose infection (1.5 X 10° and
1.2 x 10° CFU/mouse, respectively), and there was no appar-
ent difference in these groups on Day 2 at mid- and low-dose
infection (4.6 x 10° and 1.8 x 10° CFU/mouse, respectively).
Similar results were obtained when CD1dKO mice were in-
fected (Fig. 1B).

3.2. Neutrophilic inflammatory responses 1o
P. aeruginosa infection in NKT cell-deficient mice

Neutrophils play a critical role in the host protection
against P. aeruginosa infection [5—7]. MIP-2 and TNF-« are
important cytokines in their recruitment to the inflammatory
sites [23—26]. Therefore, we next compared the accumulation
of neutrophils and synthesis of these cytokines in the lungs be-
tween WT and Jo18KO or CD1dKO mice. In preliminary ex-
periments, the number of neutrophils in BAL fluids reached
a peak level at 6 h after infection (data not shown), which
made us to select this time point in the following experiments.
As shown in Fig. 1C, such number was not significantly differ-
ent among these mice. Similar results were observed in the
synthesis of MIP-2 and TNF-« in the lungs. There was no sig-
nificant difference in the production of these cytokines, except
for TNF-o which showed a small increase in CD1dKO mice,
at 3 h after infection with P. aeruginosa, a time point earlier
than the maximal accumulation of neutrophils (Fig. 1D).

3.3. Effect of a-GalCer treatment on the host defense to
P. aeruginosa infection

To further address the role of Val14+ NKT cells in the host
defense to P. aeruginosa infection, we tested the effect of a-
GalCer treatment on the clinical course and neutrophil-medi-
ated host responses in WT mice by comparing with those in
S. pneumoniae infection. As shown in Fig. 24, this treatment
significantly reduced the lung burden in S. pneumoniae infec-
tion, but not in P. aeruginosa. The number of neutrophils ac-
cumulated in BAL fluids was drastically reduced by «-GalCer
treatment in P. aeruginosa infection, whereas by a striking
contrast, this number was significantly increased in case of
S. pneunoniae (Fig. 2B). The synthesis of MIP-2 and TNF-
o in the lungs was not affected by the same treatment in P.
aeruginosa, which was not parallel to the reduction in neutro-
phil counts, whereas such synthesis was significantly increased
in S. pneumoniae infection. Interestingly, IFN-y production
was induced by a-GalCer treatment at a comparable level in
both infections (Fig. 2C).

34. Role of IFN-v in the host response to
P. aeruginosa infection

The results shown in Fig. 2C raised a possibility that the
contribution of IFN-y to neutrophil-mediated responses was
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Fig. 1. Host protective response in J}8KO and CD1dKO mice infected with P. aeruginosa. WT. Jal8KO or CD1dKO mice were infected intratracheally with P.
aernginosa at indicated doses per mouse (A); at 1.2 x 10° (By at 1.1 x 10°(Cy orat 1.5 x 10° per mouse (D). The number of live colonies in lungs was counted
on Days | and 2 (A): or Day 2 post-infection (B). The number of neutrophils in BAL fluids was counted at 6 h post-infection (C); and the concentration of MIP-2
and TNF-2 in lung homogenates was measured at 3 h post-infection (D). Each column represents the mean £ SD of six mice. Experiments were repeated three

times with similar results. NS, not significant: *p < 0.03. compared to WT mice.

different in these two bacterial infections. To address this pos-
sibility, we examined the effect of neutralizing anti-IFN-y
mAb on the synthesis of MIP-2 and TNF-o caused by infec-
tion in WT mice. As shown in Fig. 3, such synthesis was sig-
nificantly reduced by anti-IFN-y mAb treatment in S.
pneumoniae infection, whereas there was no significant influ-
ence in case of P. aeruginosa. Because NKT cells have been
known to promptly secrete a large amount of IFN-y [10,11],
we further tested whether administration of rIFN-v affected
the host defense and synthesis of MIP-2 and TNF-a in
Ja18KO mice. In S. preumoniae infection, administration of
rIFN-v significantly promoted the clearance of bacteria and
synthesis of both cytokines to a comparable level to those in
WT mice, whereas the same treatment did not affect theses
values, but rather increased the number of live colonies, in
P. aeruginosa infection (Fig. 4A,B). These results suggest

that the role of IFN-v in the host defense to P. aeruginosa in-
fection is limited by contrast to S. pneumoniae, in which this
cytokine may play some role downstream of NKT cells.

4, Discussion

In the present study, we re-evaluated the role of NKT cells in
the neutrophil-mediated host defense to P. aeruginosa infec-
tion using Jx18KO as well as CD1dKO mice. The clearance
of bacteria, accumulation of neutrophils and synthesis of
MIP-2 and TNF-« in lungs were not significantly different be-
tween WT and Ja18KO or CD1dKO mice. These results were
a sharp contrast to those in S. pneumoniae infection, in which
all these parameters were significantly attenuated in Ja18KO
mice compared to WT mice [13]. These observations suggested
that NKT cells play a limited role in the neutrophil-mediated
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inflammatory responses and host resistance to P. aeruginosa
infection.

In an earlier study by Nieuwenhuis and co-workers [14],
CD1dKO mice were highly susceptible to pulmonary infection
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Fig. 3. Effect of anti-IFN-y mAb treatment on MIP-2 and TNF-a synthesis in
lungs. WT mice were infected intratracheally with P. aeruginosa or S. pneu-
moniae at 1.3 x 10° or 1.7 x 10° per mouse, respectively. These mice received
an intratracheal injection of anti-IFN~y mAb or control IgG. The concentration
of MIP-2 and TNF-o in lung homogenates was measured at 3 h post-infection.
Each column represents the mean = SD of four mice. Experiments were re-
peated twice with similar results. NS. not significant; *p < 0.05. compared
to control [gG. '

with P. aeruginosa, suggesting a critical role for CD1d-res-
tricted NKT cells in the host defense to this bacterial patho-
gen. These data are not consistent with our present
observations. Although the precise reason remains unclear,
some distinct experimental conditions including bacterial
strains {D4 vs. PAO-1) and routes of infection (intranasal vs.
intratracheal) might partially account for this discrepancy.
These investigators also did not use Jal8KO mice to define
the role of Val4+4 NKT cells in this infection. Different roles
of diverse CDl1d-restricted NKT cells and Val4+ NKT cells
have been reported in a different situation [12}. L. monocyto-
genes infection is alleviated in mice receiving anti-CDId
mAb, while Ja18KO mice are highly susceptible to the same
infectious pathogen. In Trypanosoma cruzi infection, CDI1d-
restricted NKT cells play a proinflammatory role, while
Vold4+ NKT cells show an anti-inflammatory effect [12,27].
These data suggest that these subsets of NKT cells may differ-
entially contribute to the inflammatory responses caused by in-
fection. Similar results were reported in CDIdKO and
Jo.18KO mice after infection with M. tuberculosis, in which
both mice were equally resistant to this infection [12]. Thus,
investigations using CD1dKO and J218KO mice may not nec-
essarily produce a similar conclusion with respect to the role
of NKT cells in the host defense to infection.

In addition, Nieuwenhuis and co-workers reported that a-
GalCer treatment led to enhanced clearance of P. aeruginosa
in lungs, which was associated with production of IFN-y
and increased phagocytosis of the bacteria by macrophages,
while number of neutrophils accumulated in the lungs was
strikingly reduced by the same treatment [14]. These authors
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speculate that such promoted host defense is ascribed to IFN-
y-induced clearance of this bacterium by macrophages. Our
study showed similar results in the reduced accumulation of
neutrophils in the infected lungs after treatment with o-
GalCer, the mechanism of which remains to be understood.
By contrast, clearance of P. aeruginosa and synthesis of
MIP-2 and TNF-a associated with neutrophil-mediated in-
flammatory responses were not affected by 2-GalCer treat-
ment. These data are not inconsistent with the fact that we
failed to detect any influence of Vald+ NKT cell-deficiency
on the clinical course and neutrophil-mediated inflammatory
responses after P. aeruginosa infection. These were in a strik-
ing contrast to the data observed in §. pneumoniae infection, in
which «-GalCer treatment significantly promoted the clear-
ance of this bacterium, accumulation of neutrophils, and syn-
thesis of MIP-2 and TNF-« in the infected tissues, which
correlated well with the increased susceptibility of Val4-+
NKT cell-deficient mice to this infection. In contrast to our
data in P. aeruginosa infection, previous investigations
showed that these mice are not prone to M. tuberculosis

infection {12], but a-GalCer treatment promotes the host resis-
tance to this infection [28]. To date, the precise mechanism to
account for the different effects of a-GalCer treatment remains
to be fully understood and will require further investigations.

Activation of Vald+ NKT cells by a-GalCer resulted in
the synthesis of IFN-v in lungs that was equivalent to that ob-
served after infection with both bacterial pathogens; this effect
was not observed in MIP-2 and TNF-a production in P. aeru-
ginosa infection in contrast to that caused by S. preumoniae.
These observations raised a possibility that the differential
role of Val4+ NKT cells in the host defense to these infec-
tions may be due to the distinct effect of IFN-y derived
from this particular lymphocyte subset on the synthesis of
MIP-2 and TNF-a. To address this possibility, we tested the
effect of neutralizing anti-IFN-y mAb or rIFN-y on the host
protective responses to infection. Our findings showed that
manipulations suppressing or activating this cytokine did not
make any impact on these responses in P. aeruginosa infec-
tion, which was in a striking contrast to S. preumoniae infec-
tion, suggesting a limited role of this cytokine in the
inflammatory responses caused by P. aeruginosa infection.
In agreement with this notion, a previous study by Schultz
and co-workers [29] demonstrated that IFN-y was not critical
to the host resistance to infection with P. aeruginosa.

In conclusion, the present study demonstrated that neither
diverse CDld-restricted nor Vo144 NKT cells played a criti-
cal role in the neutrophil-mediated host defense to P. aerugi-
nosa infection, which was in contrast to S. pnewmoniae
infection. Although the reason for this difference remains un-
clear, the present findings may further enhance our under-
standing of the role of NKT cells in the host defense to
bacterial infection.
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