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BACKGROUND: Pseudomonas aeruginosa is a common cause of pneumonia in
ritically-il and immunocompromised patients who can rapidly progress to sepsis,
multiorgan failure and death if appropriate antibiotic therapy is not administered early
in the course of infection. However, clinicians have long recognized that multidrug-
resistant (MDR) strains of P2 aeruginosa rarely progress to fulminate sepsis in the first
72 hours, possibly due to reduced fitness of these strains in vivo relative to the fully-
antibiotic susceptible strains. We hypothesized that differences in the clinical
presentation of MDR P aeruginosa may result from altered pattems of activation of
the host innate immune responses compared to antibiotic-susceptible strains.

METHODS: We compared the transcriptional response of 84 genes involved in the
innate immune response in the lungs of mice infected with matched strains of
antibiotic-susceptible and multidrug resistant P2 aeruginosa. Wild type P aeruginosa
(PAO1) and an isogenic matched strain that over-expresses a multidrug efflux pump
and loss of outer membrane porin (AMexR/AOprD PAO1). Antibiotic susceptibility and
pathogen growth rates were confirmed prior to infection. Isolates were instilled in the
trachea (1x10° CFU) of anesthetized intubated Balb/c mice. At serial timepoints (1, 24
and 72 hours after infection), groups of 5 mice were euthanized and lungs were
excised for isolation of total lung RNA (n=3) or histological examination (n=2). Total
lung RNA quality was verified using Agilent RNA 6000 Bioanalyzer kits and reverse
transcribed (1 g) into cDNA. Expression of 84 genes involved in the inflammatory
response, pathogen recognition and defense, cell signaling and sepsis were then
analyzed using realtime-PCR arrays (SA Biosciences, Fredrick, MD). Gene
expression was calculated in relation to uninfected control mice and 5 housekeeping
genes using software provided by the manufacturer (AACt method).

RESULTS: Antibiotic susceptibiity to 3 antibiotic classes was confirmed in the
AMexRIAOprD PAO1 strain versus wildtype PAO1, although the growth rates of both
strains in vitro were equivalent. Infection with the WT-PAO1 was associated with
increased expression of genes involved in the recognition of the Gram negative
bacterial cell wall (TLR2, Pglyrp3, Pglyrp3), inflammation (TNFa, IL-1, IL-6),
chemokine (CCL1, CCL6), complement and collectin production (C8a, Cfp, Dmbt1),
and sepsis (Nos2, Protein C). Although pathogen recognition and proinflammatory
cytokine signatures were similar in the AMexR/AOprD PAO1 infected animals,
significantly lower expression levels of complement, collectin (C8a, Cfp, Dmbt1) and
sepsis markers (Nos2, Protein C) were found in animals infected with the MDR strain
Histologically, lungs from both animal groups exhibited evidence of pneumonia with
acute necrosis and i

consolidation was more widespread in animals infected with the antibiotic-susceptible
versus the MDR strain.

CONCLUSIONS: Expression of common antibiotic resistance mechanisms (efflux,
porin loss) in P. aeruginosa was associated with altered patterns of innate immune
system activation in experimental pneumonia. Attenuated responses in complement
activation may explain why patients with MDR P. aeruginosa are less likely to present
with fulminate pneumonia and sepsis in the first 72 hours of infection. Further studies
are underway to explore differences in complement binding between antibiotic
susceptible and MDR P aeruginosa.

BACKGRO

« Pseudomonas aeruginosa is the 5" most commonly
isolated bloodstream pathogen in U.S. hospitals and a
common cause of pneumonia in mechanically-
ventilated patients

If not detected early and appropriately treated, P.
aeruginosa pneumonia can rapidly progress to
respiratory failure with sepsis that is associated with
high rates of morbidity and mortality

The management of P. aeruginosa infection is
complicated by the propensity of this bacterial species
to develop resistance to multiple classes of antibiotics
(e.g., B-lactams, cephalosporins, carbapenems,
fluoroquinolones)

« Clinicians have long known that unlike antibiotic-
susceptible strains, it is uncommon for patients infected
with multi-drug resistant (MDR) strains of P. aeruginosa
to progress to respiratory failure or sepsis in the first 72
hours of infection. This difference has long been
assumed to be a consequence of the impaired “fitness”
of the MDR strain

Because the pathology of acute respiratory failure and
sepsis are driven in part by the host immune response,
we hypothesized that MDR strains may activate host
innate immune responses differently than antibiotic-
susceptible strains

To explore this hypothesis, we compared the
transcriptional signatures of the host innate immune
response in the lungs of mice infected with isogenic
antibiotic-susceptible and MDR P. aeruginosa
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severe pneumonia in the experimental model
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Figure 2. Schematic of experimental murine
pneumonia model
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Figure 3. Determination of innate immune
response transcriptional profile in mouse lungs
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Figure 5. AMexR/AOprD PAO1
elicits a different innate
immune response in the lung
of mice compared to the
isogenic antibiotic-susceptible
PAO1 strain
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Figure 7. AMex/AOprD PAO1 elicits similar patterns
of pro-inflammatory cytokine and chemokine
activation as the isogenic antibiotic-susceptible
PAO1 strain
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Figure 8. Activation of alternative complement
pathway and sepsis markers are attenuated in mice
infected with AMex/AOprD PAO1 versus the
isogenic antibiotic-susceptible PAO1 strain
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CONCLUSIONS

+ Similar to previous studies, we found that P. aeruginosa elicits a
pronounced pro-inflammatory response in the lungs of mice that appears to
be elicited through recognition of conserved bacterial PAMP (i.e. LPS,
peptidoglycans)

+ Despite producing less severe pneumonia in the animals, infection with the
AMexR/AOpD PAOT sirain was associated with similar patterns and
of pr y cytokine, and PAMP gene
activation as the wild-type PAO1 strain

- Expression patterns of several genes involved in complement synthesis
and sepsis, however, were markedly different between the isogenic MDR
and antibiotic-susceptible strain, suggesting that activation of the
alternative complement pathway may be attenuated in the AMexR/AOpD
PAOT1 versus wildtype PAO1. This difference could explain (in part) the
difference in clinical syndromes observed between antibiotic-susceptible
and MDR strains of P. aeruginosa

+We are currently exploring differences in complement activation between
the the AMexR/AOpID PAO1 versus wildtype PAOT strain as well as
clinical isolates
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