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Motility is central to neutrophil function 

Ley , et al. 2007. Nat Rev Immunol. 7:679. 
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Canonical amoeboid phenotype of neutrophils 

**Rogers, 1950s 

Cassimeris et al. 1990 

Butler et al. 2008 

15 um 

Henry, Crocker, Hammer 2013 
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One cell type, two phenotypes 

15 um 

**Amoeboid **Keratocyte-Like 
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Quantifying motility: persistent random walk 

<∆r2(τ)> = 2S2P[τ-P(1-exp(-τ/P))] 
 S = 6 µm/min 

P = 0.5min 
S = 3 µm/min 
P = 15 min 



7 

Well-spread phenotype seen elsewhere 

Oakes et al. 2009 
FN PA gels 

Our Hypothesis: surface ligand density can direct 
neutrophil  phenotype (i.e. shape/motility). 
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Printing sub-saturating densities of ligand 
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Neutrophil Phenotype Correlates to Density 
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? 

Sensing density at receptor or cell length-scale? 

UV Ozone 

Array of Holes 
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Neutrophils sense density at cell length-scale 

Continuous, High Density 

Unprinted 

Stamped-Off 

** 



12 

αMβ2 (Mac-1) Mediates Adhesion to FN 

Scalebars = 50 um 

* 
* 

* P < 0.05, Dunnet’s One Way ANOVA 
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αMβ2 (Mac-1) Promiscuity 
Keratocyte-like on BSA 
(intermediate density) 

Amoeboid on BSA  
(high density) 

* P < 0.05, Dunnet’s One Way ANOVA 

* * 

BSA adhesion also via Mac-1 
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Conclusions 

• One cell, two phenotypes 
– Amoeboid: Low Persistence, High Speed 
– Keratocyte-like: High Persistence, Low Speed 

• Phenotype can be tuned by matrix density 
– Intermediate density  Keratocyte-like 

• Density sensing at cell length scale 
• Adhesion is Mac-1 mediated 



Prepared Supplemental Evidence  
(Not Delivered in Talk) 
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Exquisite cell-ligand specificity 

Scalebars = 40 um 
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**Quantifying Motility 
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Selectin as “activation” marker 
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Schematic adapted from Ley , et al. 2007. Nat Rev Immunol. 7:679 
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“Keratocyte-like” morphology 
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Keratocyte data: Barnhart, EL et al.2011. PLoS Biol. 9(5) 
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