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Toll-Like Receptor 9 Enhances Bacterial Clearance and
Limits Lung Consolidation in Murine Pneumonia Caused
by Methicillin-Resistant Staphylococcus aureus
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Methicillin-resistant Staphylococcus aureus (MRSA) is an important pathogen in pneumonia associated with severe luny
damage. Tissue injury causes release of damage-associated molecular patterns (DAMPs), which may perpetuate inflammation.
DNA has been implicated as a DAMP that activates inflasnmation through Toll-like receptor 9 (TLRY). The aim of this study was
to evaluate the role of TLR in MRSA pneumonia. Wild-type (W and TLR9 knockout (#r9 ") mice were infected intranasally with
MRSA USA300 (BK 11540) (5% CFU) and euthanized at 6, 24, 48 or 72 h for analyses. MRSA pneumonia was associated with
profound release of cell-free host DNA in the airways, as reflected by increases in nucleosome and DNA levels in bronchoalveolar
lavage fluid (BALF), accompanied by transient detection of pathogen DNA in MRSA-free BALF supernatants. In BALF, as com-
pared with Wt mice, #r9”~ mice showed reduced tumor necrosis factor o. and IL-6 levels at 6 h and reduced bacterial clearance
at 6 and 24 h postinfection. Furthermore, Ir9 7~ mice exhibited a yreater influx of neutrophils in BALF and increased luny consol-
idation at 24 and 48 h. This study demonstrates the release of host- and pathogen-derived TLR? ligands (DNA) into the alveolar
space after infection with MRSA via the airways and sugyests that TLR? has proinflammatory effects during MRSA pneumonia
associated with enhanced bacterial clearance and limitation of lung consolidation.
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INTRODUCTION

Infectious diseases remain a threat to
public health in both developed countries
and poor-resource settings. The aging,
infection-susceptible population com-
bined with the rise of antibiotic resistant
bacteria are important factors herein
(1). A striking example of a bacterial
threat is Staphylococcus (S.) aureus (2).
This gram-positive pathogen is a leading
cause of infection worldwide (3) and a
major causative pathogen in nosocomial

pneumonia (4,5). Roughly half of the
world population carries S. aureus on their
skin and in the United States alone more
than 89 million people are colonized,
of whom 2.3 million carry methicillin-
resistant S. aureus (MRSA) (6,7). Increasing
our understanding of the pathophysiology
of MRSA infections is a prerequisite for
innovative treatments for this clinically
highly relevant microorganism.

MRSA possesses a repertoire of tox-
ins that cause severe pneumonia with
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massive lung damage that can proceed
to a characteristic necrotizing infection
(8). During organ damage and cellular
necrosis, intracellular structures are
released outside the cell, which then

can act as damage-associated molecular
pattern (DAMP). DAMPs activate pattern
recognition receptors (PRRs) and con-
tribute to inflammation as a secondary
signal (9,10). Recently, extracellular host
DNA has gained increased attention

as an important DAMP involved in

the pathogenesis of multiple diseases.
Systemic inflammation and sepsis
result in a dramatic increase in circu-
lating extracellular host DNA (11-13).
Immune cells can detect DNA by several
sensors in the cytoplasm (14,15). One

of these sensors is Toll-like receptor 9
(TLRY), which upon recognition of DNA
triggers activation of cells (14,16). TLR9
can also detect bacterial DNA (17-19),



including that of MRSA (20). Considering
the central role of TLR9 in the recognition
of extracellular DNA and the injurious
host response associated with cellular
damage and death during MRSA pneumo-
nia, we here sought to determine the role
of TLRY in experimentally induced MRSA
pneumonia.

MATERIALS AND METHODS

Mice

All experiments were carried out in
accordance with the Dutch Experiment
on Animals Act and approved by the
Animal Care and Use Committee of the
University of Amsterdam (Permit number:
DIX102291). Pathogen-free 8-10-wk-old
wild-type (Wt) C57BL/6 mice were pur-
chased from Charles River Laboratories
Inc. TLR9-deficient (Hr97") mice,
backcrossed six times to a C57BL/6
background, were generated as
described previously (19). Age- and
sex-matched animals were used in all
experiments.

Experimental Infection
and Tissue Preparation

Pneumonia was induced as described
(21,22), using the MRSA strain BK11540
(USA300), kindly provided by Timothy
J Foster, Department of Microbiology,
Trinity College, Dublin, Ireland. Charac-
teristics of this strain are: multilocus
sequence type ST8, spa type 1, staphylococ-
cal cassette chromosome meclV, agr type 1
and Panton-Valentine leukocidin negative
(23). In brief, mice were intranasally in-
oculated with 107 colony-forming units
(CFU)/50 pL saline solution (1 = 8 per
strain at each time point) under isoflu-
rane (Abbot Laboratories) inhalation
anesthesia. The infectious dose is sub-
lethal and based on earlier dose-finding
studies (21). Mice were killed 6, 24, 48 or
72 h after infection by cardiac puncture
under Domitor (Pfizer Animal Health
Care, active ingredient medetomidine)
and Nimatek (Eurovet Animal Health,
active ingredient ketamine) anesthesia.
Blood was drawn into EDTA-coated tubes.
Bronchoalveolar lavage fluid (BALF) was

obtained by exposing the trachea via a
midline incision. The trachea was then
cannulated with a sterile 22-gauge
Abbocath-T catheter (Abbott Laboratories).
Unilateral BAL was performed on the
left lung by binding the right bronchus
and instilling and retrieving 0.7 mL

(in aliquots) of sterile phosphate-buffered
saline. The right lung was harvested for
histology. To obtain lung homogenates,
left lungs were excised and homogenized
in four volumes of isotonic saline (milliliters)
using a tissue homogenizer (Biospec
Products). Organs were removed asepti-
cally and homogenized in four volumes
of sterile isotonic saline using a tissue
homogenizer (Biospec Products). To de-
termine bacterial loads, 10-fold dilutions
were plated on blood agar plates and
incubated at 37°C for 16 h, after which
colonies were counted.

Cell-Free DNA Extraction from BALF
After spinning the BALF at 500¢ and
4°C, for 15 min, the top 500 puL was
transferred into a fresh Eppendorf tube,
keeping well above the cell pellet while
pipetting. Using the harvested BALF, the
above procedure was repeated, this time
spinning at 20,000 and transferring the
top 300 uL of BALF. Cell-free DNA was
extracted from this twice-spun BALF
using the QIAamp DNA Blood Mini
Kit (Qiagen) according to the “Blood
and Body Fluid Spin Protocol” recom-
mended by the manufacturer. After
binding to the silica matrix and several
washing steps, the DNA was eluted with
60 pL of H,O.

MRSA and Mouse Standard Curves
To quantify the amounts of cell-free
mouse and MRSA DNA in BALF, stan-
dard curves were generated. First, DNA
was extracted from both mice toes and
MRSA strain BK11540 using the method
described above. Next, the amount of
DNA in both stocks was measured using
the NanoDrop ND-1000 spectrophotom-
eter (NanoDrop Technologies). Then,
these DNA stocks were used to make
eight-step standard curves, starting with
500 ng DNA diluted 10-fold each step.
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Finally, these standard curves were run
together with the samples.

Polymerase Chain Reaction Assays
Oligonucleotides was an Invitrogen
product. Primer sequences were as fol-
lows: mSOCS-3 forward, ACCTTTC
TTATCCGCGACAG; mSOCS-3 reverse,
TGCACCAGCTTGAGTACACAG;
MRSA forward, TCAACATCTTTC
GCATGATTCAACAC; MRSA reverse,
CTAGCTTTATTTcAGCAGGTGACGAT.
Real-time polymerase chain reaction
(RT-PCR) analysis was performed with
the StepOnePlus RT-PCR system (Applied
Biosystems) using SYBR Green chemis-
try. The single plex reactions were set up
in a volume of 25 pL. DNA primers used
at final concentrations of 300 nmol/L.
Cycling conditions were 2 min at 50°C
and 10 min at 95°C, followed by 50 cycles
of denaturation for 15 s at 95°C and
primer annealing and elongation for
1 min at 60°C.

Determination of BALF Cell Counts

Cell counts were determined for
each BALF sample in a hemocytometer
(Beckman Coulter), and differential cell
counts were performed on cytospin
preparations stained with Giemsa stain
(Diff-Quick).

Assays

Nucleosome levels were measured using
ELISA as described (24,25). Tumor ne-
crosis factor (TNF-a), interleukin (IL)-1f,
IL-6, keratinocyte-derived chemokine
(KC) and macrophage inflammatory pro-
tein-2 (MIP-2) (all R&D Systems) were
measured using specific ELISAs accord-
ing to manufacturer’s recommendations.

Histology

The left lung lobe was harvested,
fixed in 10% buffered formalin and
embedded in paraffin. About 4 pm sec-
tions were stained with hematoxylin and
eosin (HE) and analyzed by a pathologist
blinded for groups as described (21,22).
To score lung inflammation and dam-
age, the entire lung surface was ana-
lyzed with respect to the following
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parameters: bronchitis, edema, interstitial
inflammation, intra-alveolar inflammation,
pleuritis, endothelialitis and percent-
age of the lung surface demonstrating
lung consolidation. Each parameter was
graded 04, with 0 being “absent” and

4 being “severe.” The total pathology
score for lungs was expressed as the sum
of the score for all parameters.

Statistical Analysis

Data are expressed as box-and-whisker
diagrams depicting the smallest observa-
tion, lower quartile, median, upper quartile
and largest observation unless indicated
otherwise. Differences between Hr9”/~ and
Wt mice were analyzed by Mann-Whitney
U'test. Analyses were done using Graph-
Pad Prism version 5.0, GraphPad Software.
Values of p < 0.05 were considered as sta-
tistically significant difference.

All supplementary materials are available
online at www.molmed.org.

RESULTS

Host- and Pathogen-Derived DNA
Is Released in the Airways During
MRSA Pneumonia

To examine whether MRSA pneumo-
nia is associated with the local release
of cell-free host DNA, we measured nu-
cleosomes in BALF obtained before and
up to 72 h after infection (Figure 1A).
BALF of uninfected mice contained very
low nucleosome concentrations. After
infection with MRSA via the airways,
nucleosome levels increased more than
10-fold in BALF within 6 h and kept
rising during the course of the infection,
reaching peak levels 72 h postinfection
that were approximately 1,000-fold
higher than in uninfected mice (p < 0.001).
As an alternative way to measure cell-free
host DNA, we performed a PCR on
mouse suppressor of cytokine signaling-3
(SOCS-3) in BALF obtained 6,24 and 48 h
after infection (Figure 1B). Host DNA
was detectable after 6 h and, similar
to the nucleosome measurements, in-
creased nearly 10-fold after 24 and 48 h.
MRSA pneumonia was also associated
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Figure 1. Nucleosome concentrations in mouse BALF during S. aureus pneumonia. Wt mice
were infranasally infected with 1 x 107 CFU S. aureus and euthanized at the indicated time
points. (A) Nucleosome concentrations in BALF quantified by ELISA and expressed as arbi-
trary units. (B) Host cell-free DNA (mouse SOCS-3) in BALF quantified by PCR. (C) S. aureus

DNA in cell-free BALF quantified by PCR. Data represent the means + standard error of
the mean (n = 6-8 mice per time point). *p < 0.05, **p < 0.01 and ***p < 0.001 versus naive

mice (0 h).

with elevated levels of MRSA DNA in
BALF (Figure 1C); the highest levels
were found early after infection (6 h),
decreasing to undetectable levels at 48 h
postinfection. Together, these data show
that MRSA pneumonia is associated with
release of both pathogen- and host-
derived DNA into BALF, whereby host
DNA in particular appears late during
infection, while pathogen DNA is found
especially early after infection.

TLR9 Facilitates Bacterial Clearance
from the Lungs after Infection
with S. aureus

To determine the role of TLRY in
clearance of MRSA after induction of
pneumonia, we quantified bacterial loads
in lungs, BALF, liver and blood of Hro/=
and Wt mice after intranasal inoculation
with MRSA. TIr9”" mice showed up to
10 times higher bacterial loads compared
with Wt mice at 6 and 24 h after infection
in lung homogenates (Figure 2A, p < 0.01
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and p < 0.001, respectively) and BALF
(Figure 2B, p < 0.01 for both time points).
Liver bacterial loads were similar in #r9~/~
and Wt mice at 6 and 24 h postinfection
and undetectable later on (Figure 2C);
blood remained sterile in blood of both
mouse strains at all time points.

TLR9 Contributes to the Early
Pulmonary Cytokine Response after
Infection with MRSA

To investigate a role for TLR9 in the in-
flammatory response to MRSA in the air-
ways, we measured the proinflammatory
cytokines TNF-a, IL-1p and IL-6 in BALF
from Hr9”~ mice and Wt mice at multiple
time points after the induction of pneu-
monia (Figure 3). All cytokines reached
peak concentrations at 6 h after infection.
Consistent with a role for TLR9 in the
induction of innate immunity during
S. aureus pneumonia, and in spite of
higher bacterial loads, Hr9™/~ mice showed
decreased TNF-o (Figure 3A) and IL-6
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Figure 2. Bacterial clearance in 97~ mice
is reduced after infection with S. aureus via
the airways. Bacterial loads after infranasal
infection with 1 x 10" CFU S. aureus in

(A) lunyg and (B) BALF of Wt mice (gray)
and #r9”~ mice (white). Data are expressed
as box-and-whisker diagrams depicting the
median, the smallest observation, lower
quartile, median, upper quartile and largest
observation (n = 8 mice per yroup af each
fime point). **p <0.01 and ***p < 0.001
versus Wt mice at the same fime point.

concentrations (Figure 3B) in BALF ver-
sus Wt mice (p < 0.01 and p < 0.05, re-
spectively) at 6 h postinfection, whereas
IL-1B concentrations were similar in both

groups (Figure 3C). Remarkably, whereas
TNF-a was undetectable in BALF at later
time points, BALF IL-6 and IL-1p levels
were in higher in t1r97/~ mice at 24 h after
infection versus Wt mice (both p < 0.001).
At later time points, IL-6 and IL-1B con-
centrations were similar in both mouse
strains.

TLR9Y Deficiency Results in Increased
Neutrophils Numbers in the Alveolar
Space During MRSA Pneumonia
MRSA pneumonia is characterized by
a massive influx of neutrophils into the
lungs (26,27). To investigate a possible role
for TLRY signaling herein, we quantified
neutrophils in BALF of #1r9”~ and Wt
mice. Compared with Wt mice, tIr9 = mice
show a marked increase of neutrophil
numbers in BALF harvested 24 and 48 h
postinfection (p < 0.05,24 h and p < 0.01,
48 h, respectively, Figure 4A). We won-
dered whether this enhanced neutrophil
recruitment was related to elevated BALF
levels of neutrophil attracting CXC chemo-
kines. We therefore measured MIP-2
(Figure 4B) and KC (Figure 4C) in BALF
obtained from both groups. MIP-2 tended
to be higher in tr9”" mice at all time
points after infection significantly so at
72 h (p < 0.05 vs Wt mice). BALF KC levels
were higher in 97" mice at 24 h (p < 0.01).
Macrophage and lymphocyte counts in
BALF increased over the course of the
infection. After 48 h, t1r9”" mice showed
a modest but significant increase in both
macrophage and lymphocyte counts
compared with Wt mice (Supplementary
Table S1).

TLRY Deficiency Is Associated
with Strongly Increased Lung
Consolidation During MRSA
Pneumonia

To evaluate the role of TLRY in the
severity of lung pathology, we analyzed
pulmonary inflammation and injury in
lung tissue slides obtained from ¢/r9 /-
and Wt mice after infection with MRSA
(Figure 5). After 24 h, all mice displayed
signs of acute lung injury, including
interstitial inflammation, endotheliali-
tis, bronchitis and pleuritis; the extent
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of lung pathology upon histological
examination remained relatively stable
thereafter. TIr9™/~ and Wt mice displayed
similar severities of lung pathology, as
reflected by the semiquantitative scores
composed as described in Materials and
Methods, although at 48 h, tr9 ~/~ mice had
modestly lower pathology scores versus
Wt mice (p < 0.05, Figure 5F). Remarkably,
t1r9~ mice showed a strongly impaired
resolution of lung inflammation, as
reflected by large areas of lung consoli-
dation at 24 and 48 h that were virtually
absent in Wt mice (p < 0.05, Figure 5A, C, E).
Detailed analyses of areas of lung consol-
idation indicated that more than 95%

of the cells in these areas were
neutrophils.

DISCUSSION

MRSA pneumonia has emerged as
a major health care concern. MRSA in-
fection of lower airways is feared for
its association with massive cell death
and necrosis, which is expected to result
in the local release of DAMPs. We set
out to determine whether one of these
DAMPs, host DNA, can be detected in
the bronchoalveolar space of mice in-
fected with MRSA via the airways, and
whether TLRY, one of the DNA sensors
in mammalian cells, plays a role in the
host response during MRSA pneumonia.
We here demonstrate that MRSA elicits
sustained release of host DNA in the
lower respiratory tract, as reflected by
high levels of nucleosomes and cell-free
DNA in BALF. In addition, we show that
another potential TLRY ligand, bacterial
DNA, is detected early after infection
with MRSA, coinciding with high num-
bers of viable bacteria. TLR9 deficiency
resulted in a delayed clearance of MRSA
from the lungs, which was accompanied
by increased neutrophil accumulation
and markedly enhanced lung consol-
idation. These data suggest that the
interaction between TLR9 and host- and
pathogen-derived DNA has profound
effects on the immune response during
MRSA pneumonia.

Recent studies from our group
reported the release of two other DAMPs
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Figure 3. The early cytokine response to S. aureus is reduced in the airways of #r9”~ mice. (A-C) Cytokine (TNF-a., IL-6 and IL-1pB) levels
in BALF ot different time points after infranasal infection of 1 x 10’ CFU S. aureus in Wt mice (gray) and #r9”~ mice (white). Data are
expressed as box-and-whisker diagrams depicting the median, the smallest observation, lower quartile, median, upper quartile and
largest observation (n = 7-8 mice per group at each time point). *p < 0.05, **p < 0.01 versus Wt mice at the same fime point.
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Figure 4. Enhanced neutrophil influx into the alveolar space of 1Ir9”~ mice during S. aureus pneumonia. Wi (gray) and #r9”~ mice (white)
were infected with 1 x 107 MRSA bacteria via intranasal inoculation and euthanized at the indicated time points thereafter. (A) Neutro-
phils, (B) MIP-2 and (C) KC in BALF are expressed as box-and-whisker diagrams depicting the median, the smallest observation, lower
quartile, median, upper quartile and largest observation (n = 8 mice per yroup at each time point). *p < 0.05, **p < 0.01 versus Wt mice
at the same time point.

in the bronchoalveolar space of mice least in part originate from different cell demonstrated that these supernatants
infected with MRSA, that is, high- types may explain the different kinetics did not show growth of MRSA upon
mobility group box 1 (HMGB1) (21) and of their release. Our study is limited culture (data not shown), thereby exclud-
myeloid-related protein (MRP8/14) (22). by the fact that the cellular source of ing the possibility that we merely mea-
Although the appearance of MRP8 /14 cell-free host DNA was not established. sured the bacterial load in these samples.
showed the same kinetics as detected However, the marked increase in neu- As such, our data indicate that MRSA

for host DNA in the current investi- trophil counts and the similar kinetics of releases its DNA during growth, prob-
gation (22), HMGB1 demonstrated a release of host DNA and MRP8/14 (22), ably at least in part as a consequence of
transient increase in BALF peaking after which is mainly derived from neutro- bacterial cell death.

24 h (21). Nucleosomes are DNA seg- phils (29), suggest that neutrophils likely TLR9 was the first PRR implicated in
ments wrapped around histone protein represent an important source of these detection of DNA (30). In early reports,
cores. Considering the nuclear origin DAMPs during MRSA pneumonia. An- TLRY was shown to recognize under-

of HMGBI, one might expect that the other likely source of released host DNA methylated DNA (CpG DNA), which is
release of this protein follows similar is the respiratory epithelium. Unlike host enriched in microbial genomes compared
kinetics as nucleosomes and DNA. Of DNA, bacterial DNA especially was de- with mammalian cells. However, in later
note, however, HMGBI can also be se- tected early after infection. We carefully studies, TLR9 was also shown to be ca-
creted actively (28); this, together with removed viable bacteria from BALF by pable of sensing host DNA. For example,
the possibility that nucleosomes, DNA centrifugation prior to amplifying MRSA TLR9 deficiency reduced acetaminophen-
and HMGB1 measured in BALF may at DNA in cell-free supernatants. We also induced liver injury and mortality by
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(white) according to the scoring system described in the online supplement. Data are expressed as bar diagrams depicting mean *
standard error (n = 7-8 mice per group at each time point). *p < 0.05 versus Wt mice af the same time point.

a mechanism that relied on attenuated
DNA-induced inflammation (31). Simi-
larly, in a heart failure mouse model, host
DNA-TLRS signaling caused inflamma-
tion and worsened cardiac dysfunction
(32). Importantly, it is now clear that
both self or pathogen DNA can activate
multiple TLR9-independent pathways,
including TANK-binding kinase-1, DAI
(DNA-dependent activator of interferon
regulatory transcription factors), STING
(stimulator of interferon genes), AIM2
(absent in melanoma 2) and several others
(14,15). Therefore, our investigation does

not establish to which extent cell-free
DNA contributes to the host response
during MRSA pneumonia. In addition,
we cannot be certain which DNA source
(host or pathogen) drives the immune
response in our model. Conceivably, the
attenuated early release (6 h) of TNF-a
and IL-6 in BALF in 97/~ mice may be
partially explained by an absent inter-
action between TLR9 and either host or
pathogen DNA, considering that both
were present in the airways at this time
point. IL-1p levels did not differ between
mouse strains at 6 h after infection, which

is consistent with the fact that the release
of mature IL-1P requires activation of
caspase-1 mediated by inflammasomes.
In this respect, it should be noted that
several DNA-sensing inflammasomes
have been identified (33). At later time
points after infection (especially 24 h),
t1r9”/~ mice had higher levels of IL-1p,
IL-6, MIP-2 and KC in their BALF when
compared with Wt mice, most likely, due
to higher bacterial loads and activation of
PRRs other than TLR9 by MRSA. Indeed,
S. aureus can activate a variety of immune
receptors, including TLR2 (34,35) and
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NOD2 (nucleotide-binding oligomerization
domain-containing protein 2) (36,37).
Increased BALF levels of IL-1B and
chemokines likely contributed to the
enhanced influx of neutrophils in

tHr9”~ mice.

In our pneumonia model, MRSA
disseminated to the liver while blood
cultures remained sterile. This seeming
discrepancy, also observed in our earlier
studies (21,22), likely is explained by a
more rapid clearance of this MRSA strain
from the circulation relative to liver tis-
sue. In accordance with this notion, very
low bacterial burdens remain in the cir-
culation upon intravenous administration
of this MRSA strain with 100-1,000-fold
higher bacterial loads in the liver (38).

Our data confirm and expand upon a
previous study that examined the role
of TLRY in host defense during MRSA
pneumonia (20). This former investiga-
tion reported reduced bacterial loads in
lungs of Hr9™~ mice at a single time point
(24 h) after infection, accompanied by
lower TNF-a levels. The present report
differs from this earlier one in that it
studied the kinetics of the host reaction
in more detail, providing more insight
into both the early and the late inflam-
matory response, lung pathology and
release of TLR9 ligands. The enhanced
clearance of MRSA in #r9™~ mice and the
concomitantly reduced levels of TNF-a is
in accordance with the negative impact of
TNF signaling on bacterial loads during
MRSA pneumonia (39). Moreover, previous
studies also documented an association
between reduced proinflammatory
cytokine release into the airways and en-
hanced bacterial clearance during S. aureus
pneumonia (40). Likewise, improved
bacterial clearance was reported in Hr9™
mice with polymicrobial abdominal
sepsis (41). The advantageous role of
TLR9 in bacterial clearance during respi-
ratory tract infections is not unique for
S. aureus: in models of pneumonia caused
by Streptococcus pneumoniae (42), Klebsiella
pneumoniae (43) or Legionella pneumophila
(44), tIr9”"~ mice also displayed increased
bacterial burdens when compared with
Wt mice, whereas TLRY did not impact

bacterial loads after airway infection
with Haemophilus influenzae (45). Of con-
siderable interest, t/r9”/~ mice displayed
a strongly enhanced lung consolidation
during MRSA pneumonia, suggesting
that TLR9 signaling contributes to the
resolution of lung inflammation. In this
respect, it is interesting to note that TLR
signaling has been reported to contribute
to the resolution of lung inflammation in
noninfectious conditions (46,47).

CONCLUSION

MRSA can cause severe necrotizing
pneumonia. The present study shows
for the first time that experimentally
induced respiratory tract infection with
MRSA is associated with the release of
both host- and pathogen-derived DNA in
the airways. Genetic ablation of the DNA
sensor TLRI resulted in clear alterations
in the host responses that involved a
reduced early proinflammatory cytokine
response accompanied by impaired bac-
terial clearance and a profound increase
in lung consolidation. These results indi-
cate that the interaction between cell-free
DNA and TLR9 plays an important role
in the innate immune response to MRSA
in the lower airways.
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