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to pneumococcal infection is provided by alveolar macrophages.
Neutrophils become important in this early response when alveolar
macrophages are overwhelmed by the severity of infection, comor-
bidities, coinfections, or immunosuppression.2

Neutrophil- and macrophage-mediated antibacterial immunity
requires signaling through Rac small guanosine triphosphatases
(GTPases) and Rac guanine-nucleotide exchange factors (Rac-
GEFs), the guanine-nucleotide exchange factors that activate Rac.
These proteins control the adhesion and migration of neutrophils
and macrophages, as well as effector responses essential for immu-
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development is thus normal in mice with myeloid norbin deficiency
and combined norbin/Prex deficiency.

Myeloid norbin deficiency improves immunity

against pneumococcal infection

To test the impact of myeloid norbin on immunity to pneumococcus,
we subjected NcdnDmye and NcdnDmyePrex1/22/2 mice to intrana-
sal infection with 2 3 106 CFU S pneumoniae.32 Bacterial clear-
ance and leukocyte recruitment were measured at 6 hours and 18
hours after infection in BAL fluid and perfused lung homogenate to
evaluate the airways and lung parenchyma, respectively. Pilot experi-
ments with Ncdnfl/fl control mice showed that neutrophil recruitment
increased between 6 and 18 hours, both in airways and paren-
chyma, whereas bacterial burden decreased sharply in the former
but persisted longer in the latter (supplemental Figure 1). No obvi-
ous clinical signs were observed under these conditions. We com-
pared NcdnDmye mice vs Ncdnfl/fl and LysMCre control strains, and
NcdnDmyePrex1/22/2 mice vs Prex1/21/1 and Prex1/22/2.

Surprisingly, NcdnDmye mice cleared an order of magnitude more
bacteria from their airways within 6 hours than Ncdnfl/fl and LysMCre

mice, despite normal neutrophil recruitment and alveolar macro-
phage numbers (Figure 2A). A similar increase in immunity was
observed in the lung parenchyma, both at 6 and 18 hours (supple-
mental Figure 2). All strains had largely cleared the bacteria from
their airways after 18 hours, except Prex1/22/2, which retained sig-
ni
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Norbin-deficient neutrophils have an increased

capacity to kill bacteria that is ROS dependent

We examined the ability of isolated neutrophils to kill bacteria.
NcdnDmye neutrophils killed more S pneumoniae
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The altered distribution of NcdnDmye neutrophils in the
pneumococcus-infected lung prompted us to assess neutrophil
adhesion. NcdnDmye neutrophils exhibited increased adhesion and
spreading under all conditions tested (primed or unprimed, fMLP- or
mock-stimulated), whereas polarization was normal (supplemental
Figure 8). NcdnDmyePrex1/22/2 cells also exhibited increased adhe-
sion and a rescue of the spreading defect in Prex1/22/2 cells.
Therefore, norbin deficiency increases neutrophil adhesion and
spreading, largely independently of Prex1.

Norbin deficiency increases the cell surface levels of

some GPCRs but not other receptors or

adhesion molecules

The increased responsiveness suggested that receptor levels on





Figure 7.
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Erk1/2 inhibitor SCH772984. Both inhibitors blocked fMLP-
stimulated ROS production in NcdnDmye and Ncdnfl/fl neutrophils
with 50% inhibitory concentration values in the low micromolar
range that were only marginally (twofold to threefold) higher in
NcdnDmye cells (Figure 7E-F); this finding is consistent with the
increased Rac and Erk activities contributing to the elevated ROS
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