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Crawling was first observed in vitro. Investigators reported that
monocytes adhered, flattened, and subsequently formed pseudopods
and crawled in an integrin-dependent manner to endothelial cell
junctions where they subsequently transmigrated.17 The crawling
process was necessary for emigration. Further studies demonstrated
that Mac-1-dependent (aMb2; macrophage-1 antigen) intraluminal
crawling also appeared in vivo,17-19 and this allowed leukocytes to
reach optimal emigration sites at endothelial junctions.17

The guanine exchange factor (GEF) P-Rex1 is 1 of approxi-
mately 20 GEFs that can activate the small GTPase Ras-related C3
botulinum toxin substrate (Rac) and has previously been identified
to be the main Rac activator together with molecules of the Vav
family.20,21
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rolling.7 The mean rolling velocity of P-Rex12 /2 leukocytes was
significantly higher compared with WT control leukocytes (Figure 1B),
but not as high as following the injection of a blocking anti-LFA-
1 antibody, after which both WT and P-Rex12 /2 leukocytes rolled
at similarly high velocities (Figure 1B).

Intravascular firm adhesion of leukocytes in the cremasteric
venules after TNF-a stimulation is mediated by E-selectin- and Gai-
signaling in an overlapping fashion.11 Even though P-Rex12 /2 mice

showed the same number of adherent and transmigrated leukocytes 2
hours after TNF-a application compared with WT mice, pretreatment
with pertussis toxin (PTx) revealed significantly reduced numbers
of adherent and transmigrated leukocytes in P-Rex12 /2 mice (Figure
1C-E), suggesting that E-selectin
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(PSGL-1) was observed between WT and P-Rex12 /2 neutrophils (data
not shown).

P-Rex1 can be activated by PIP3, a product of phosphoinositide-3-
kinase g, and is a specific GEF for Rac.26 As selectin-mediated slow
leukocyte rolling is only partially abrogated in P-Rex1-deficient mice,
we investigated whether blocking Rap1a (the other pathway
downstream of Btk) in the absence of P-Rex1 can completely abolish
selectin-mediated slow leukocyte rolling. We blocked Rap1a by
using a dominant-negative Rap1a TAT-fusion mutant13 in P-Rex12 /2

leukocytes and investigated the rolling velocity of reconstituted
leukocytes in postcapillary venules of the inflamed cremaster muscle
(Figure 1F). Blocking Rap1a in P-Rex12 /2 leukocytes increased the
rolling velocity compared with P-Rex12 /2 leukocytes treated with
a WT Rap1a TAT-fusion peptide to velocities seen after blockade
of LFA-1, suggesting that blocking Rap1a in P-Rex12 /2 leukocytes
completely abolishes E-selectin-mediated integrin activation and
slow leukocyte rolling.

E-selectin engagement induces the activation of LFA-1, which is
accompanied by the extended conformation of LFA-1.10 To directly
scrutinize the role of P-Rex1 in selectin-mediated integrin activation,
we used an immobilized reporter antibody assay to directly investigate
the extended conformation of LFA-1.10 As reporter antibodies are
only available for human cells, we stably knocked down P-Rex1 in the
promyelocytic cell line HL-60 by transducing the cells with short
hairpin RNA constructs against P-Rex1. Downregulation of P-Rex1
was confirmed by western blot analysis (Figure 1G). The immobilized
reporter antibody assay revealed that the number of adherent cells per
field of view was significantly reduced when the expression of P-Rex1
was down-regulated (Figure 1H).

Integrin clustering is another feature of integrin activation.8 To
investigate the importance of P-Rex1 for LFA-1 clustering after E-
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effect on renal42 and myocardial43 hypoxia-induced inflammation. In
ischemic tissues, activated transcription factor HIF elicits profound
changes of the vascular microenvironment, including an increase of
recruitment, activation, and invasiveness of myeloid cells.44 It has been
shown that neutrophils are recruited into the inflamed kidneys and
account for tissue injury and impairment of kidney function after
renal IRI.40,41 As the E-selectin-mediated signaling pathway is the
major pathway for leukocyte recruitment into the inflamed kidney,8

blocking this pathway abolishes the number of neutrophils in the
injured kidneys and consequently attenuates the severity of the AKI.
This study demonstrates an important role of P-Rex1 in E-selectin-
mediated signaling, integrin activation, and adhesion, and consequently
in ischemia-reperfusion-induced organ failure. By using intravital
microscopy and in vitro assays, we demonstrated that P-Rex1 is
involved in LFA-1-dependent slow leukocyte rolling and Mac-1-
dependent crawling. However, based on the facts that blocking both
b2-integrins did not further decreased neutrophil recruitment into
the kidney compared with blocking only 1 b2-integrin and the
impossibility of visualizing leukocyte crawling in the microcircu-
lation of the kidney, we cannot conclude which of the defective
signaling pathways causes the reduced neutrophil recruitment into
the kidney of P-Rex12 /2 mice.

These data demonstrate the physiological relevance of the E-
selectin-mediated signaling pathway in vivo. The new mechanistic
insights we provide in this study suggest that P-Rex1 may be
a promising therapeutic target for anti-inflammatory therapy.
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