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Ex vivo perfused apoE-/- carotid artery
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E-selectin engagement is not 
sufficient for neutrophil arrest….
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Autoperfused flow chamber

6 dyn/cm2

….but induces slow rolling when ICAM-1 
is available

Zarbock et al., Immunity 
2007





Slow rolling on E-selectin and ICAM-1 is 
LFA-1-dependent

Zarbock et al., Immunity 
2007



PSGL-1-deficient neutrophils do not slow 
down on ICAM-1

Zarbock et al., 
Immunity 2007
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Syk-/- neutrophils do not slow down on E-
selectin and ICAM-1

Zarbock et al., 
Immunity 2007



PSGL-1
LFA-1E-

selectin

SH2

SH2

kinase

Syk
? ?

Zarbock et al., Immunity 
2007



ITAM adaptors

R
ol

lin
g 

ve
lo

ci
ty

(
m

/s
)

0.5

1.0

1.5

2.0

2.5

3.0 FcR-/-

DAP12-/-

DAP12/FcR-/-

WT

E-selectin E-selectin

+ ICAM-1

*

Fcrg-/-

Tyrobp-/-

Fcrg-/- Tyrobp-/-

wt

Zarbock et al., JEM 
2008



R
ol

lin
g 

ve
lo

ci
ty

(
m

/s
)

0

2

4

6

8

10 #

lys
M

-G
FP

 W
T

DAP
12

/F
cR


-/-

Mixed chimeric mice to study rolling velocities of 
DAP12/FcR double deficient leukocytes

Fc
rg

-/-
Ty

ro
bp

-/-

Zarbock et al., JEM 
2008



Phosphorylation assay

Isolation of BM PMNs

E-selectin

Incubation of PMNs on 
E-selectin shaker



Elimination of DAP12 and FcR abolishes Syk
phosphorylation following E-selectin engagement
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Elimination of Fgr abolishes slow rolling on E-
selectin and ICAM-1
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Elimination of Fgr-/- elevates rolling velocity 
in vivo

Zarbock et al., JEM 
2008



Fgr is phosphorylated at Y416 upon E-selectin 
engagement
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Loss of function:
Fgr is needed for Syk phosphorylation
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Bruton’s Tyrosine Kinase

Mueller et al., Blood 
2010



Bruton’s Tyrosine Kinase

Mueller et al., Blood 
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Bruton’s Tyrosine Kinase
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2010



Phospholipase γ2

Mueller et al., Blood 
2010



Phospholipase γ2

Mueller et al., Blood 
2010



Phospholipase γ2

Mueller et al., Blood 
2010



BTK upstream of Phospholipase γ2

Mueller et al., Blood 
2010
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Integrin Conformations

LuoLuo BH et al. BH et al. AnnuAnnu Rev Rev ImmunolImmunol 20072007
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Immobilized reporter assay

Kuwano et al., Blood 
2010



Immobilized reporter assay: 
Specificity controls

Kuwano et al., Blood 
2010



Immobilized reporter assay
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2010



Fluid phase reporter assay

Kuwano et al., Blood 
2010



Fluid phase reporter assay

Kuwano et al., Blood 
2010



Nat. Rev. Immunol. 7:678-689.
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Microfluidics





Controlling Site Density





Epifluorescence vs TIRF

10 μm



TIRF footprints of rolling 
LysmGFP neutrophil











TIRF footprints of rolling 
LysmGFP neutrophil



TIRF footprints of rolling 
LysmGFP neutrophils



qDF of DiI-labeled neutrophil

10 μm
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Footprints of rolling neutrophil
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qDF reveals long tethers



qDF reveals long tethers

0.5 μm
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Neutrophil Arrest



TIRF footprints of rolling 
LysmGFP neutrophil



Arrested neutrophils



Conclusions
• Contact area of rolling neutrophils about twice as 

large as previously assumed
• Microvilli preserved while rolling
• Extending long tethers dissipate bond force, 

detach without leaving material behind 
• These two phenomena probably explain rolling at 

high shear stress
• After arrest, a single thick trunk with tethers forms 

that leaves material behind when detaching: likely 
source of microparticles
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Arrested neutrophils



Supplementary figure 3



Tether anchorage points



Specificity controls



Total Internal Reflection Fluorescence Microscopy

1. Fluorophore in cytoplasm 2. Fluorophore in plasma membrane
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Isotype Ab

No activation

fMLP

KIM127, NKI-L16 not expressed on whole 
blood neutrophils

Kuwano et al., Blood in 
press



Isotype Ab

No activation

fMLP

TS1/22, but not m24 expressed on whole 
blood neutrophils

Kuwano et al., Blood in 
press





BTK and Phospholipase γ2

Mueller et al., Blood 
2010


