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Sulfated polysaccharides inhibit leukocyte rolling
in rabbit mesentery venules

KLAUS LEY, MICHELLE CERRITO, AND KARL-E. ARFORS
La Jolla Institute for Experimental Medicine, La Jolla 92037; and University of California
San Diego, AMES-Bioengineering, La Jolla, California 92093 g

In view of this apparent difference, it is
speculated that leukocyte integrins may not mediate
leukocyte rolling. An interaction between a lectinlike

leukocyte surface receptor and carbohydrate moieties on
endothelial cells appears to be an attractive alternative

working hypothesis.

Am. J. Physiol. 260:
H1667-H1673, 1991
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Endothelial, Not Hemodynamic, Differences
Are Responsible for Preferential Leukocyte

Rolling in Rat Mesenteric Venules

ROLLING WBC, FLUX %

Klaus Ley and Peter Gaehtgens
100
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& @® arterioles
60- T f, © o
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Wall shear rate, s

1000

Circ. Res. 69:
1034-1041,
1991
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RAPID COMMUNICATION

Lectin-Like Cell Adhesion Molecule 1 Mediates Leukocyte Rolling in
Mesenteric Venules In Vivo

By Klaus Ley, Peter Gaehtgens, Christopher Fennie, Mark S. Singer, Laurence A. Lasky, and Steven D. Rosen

| These findings indicate
that LEC-CAM 1 mediatadhesiva interaction underly-
ing leukocyte rolling and thus may play an important role in
inflammation and in pathologic conditions involving leuko-
cytes.

120

100 prmmmmmmmmmmmmnae ; e T ————————

80

50 r

ROLLING LEUKOCYTE FLUX, Z OF CONTROL

40 -
20 35
20 T
LEC~IgC CD4-—1gG PolyMel Preimmune .
Blood 77: 2553-
Fig. 1. Flux of rolling leukocytes during micro-infusion. The per- 2 1 99 1
cent of control flux, mean = SEM, and number of applications are 555,

indicated. LEC-IgG, recombinant chimera of murine LEC-CAM 1%;
CD4-lgG, similar chimera of CD4%, both 100 png/mL; PolyMel, rabbit
antimouse LEC-CAM 1 serum (1:10); preimmune, matching preim-
mune serum.



P- and L-selectin in leukocyte rolling
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PSGL-1 in leukocyte rolling
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P-selectin Glycoprotein Ligand-1 Mediates
L-Selectin—dependent Leukocyte Rolling in Venules

Markus Sperandio,'? Michael L. Smith,'S. Bradley Forlow,' Timothy S. Olson,?
Lijun Xia,” Rodger P. McEver,**and Klaus Ley':?

' Department of Biomedical Engineering, and > Cardiovascular Research Center, University of Virginia,
Charlottesville, VA 22908

S Cardiovascular Biology Research Program, Oklahoma Medical Research Foundation, and *Departiment of
Biochemistry and Molecular Biology, and Oklahoma Center for Medical Glycobiology, University of Oklahoma
Health Sciences Center, Oklahoma City, OK 73104

t=0 sec } t=13 sec

Sperandio, M., et al. 2003. J.
Exp. Med. 197: 1355-1363.
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Kunkel, E. J., and K. Ley. 1996. Distinct
phenotype of E-selectin deficient mice: E-
selectin is required for slow leukocyte rolling in
vivo. Circ. Res. 79: 1196-1204.
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Leukocyie Rolling Velociny (um's)

Deformation,




Biophysical Journal Volume 96 May 2009 42494259 4249

Micro-PTV Measurement of the Fluid Shear Stress Acting on Adherent
Leukocytes In Vivo

John E. Pickard" and Klaus Ley™*

'Department of Biomedical Engineering, University of Virginia, Charlottesville, Vimginia; and *La Jolla Institute for Allergy and Immurnology,
La Jolla, California
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How do selectins mediate leukocyte rolling in venules?

Aydin Tézeren* and Klaus Ley*

*Department of Mechanical Engineering, The Catholic University of America, Washington, D.C. 20064 USA; and
*The Institut fur Physiclogie, Freie Universitét Berlin, Berlin 33, Germany
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Blophys. J. 63: Wall Shear Stress (dyn/cm 2)

700-709, 1992
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Copyright © 2009 Informa UK Lid. health
ISSN: 1073-9688 print / 1549-8719 online b

DOI: 10.1080/10739680802462792

Event-Tracking Model of Adhesion ldentifies
L.oad-Bearing Bonds in Rolling LL.eukocytes

MARIA K. POSPIESZALSKA.” ALEXANDER ZARBOCK. " JOIIN E. PICKARD." AND
KLAUS LEY'

“Division of |||ﬂ mmation Biology, La Jolla Institute for Allergy and Immunology. La Jolla.
Califorma. USA: I)tp wrtment of Anesthe stology and Intensive Care Medicine, University of Miimnster.
Miinster. Germany: tRobert M. Berne Cardiovascular Research Center and De partment of Biomedical

Fngineering, University of Virginia, Charlottesville, Virginia, USA
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cell rotation

cell translation

endothelium
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Journal of Controlled Release
Volume 114, Issue 3, 12 September 2006, Pages 288-299

d0i:10.10164.jconrel.2006.06.008 | How to Cite or Link Using DOI <3 Cited Bv in Scopus (32
Copyright © 2006 Elsevier B.V. All rights reserved. ¥ bus (32)

12 Permissions & Reprints

Deformable gas-filled microbubbles targeted to P-selectin
Cardiovascular Division, University of Virginia, Charlottesville, VA 22908-0158, USA

bDepartment of Biomedical Engineering, University of Virginia, Charlottesville, VA 22908-
0158, USA

‘Cardiovascular Research Center, University of Virginia, Charlottesville, VA 22908-0158, USA

Leukocyte Ultrasound
Microbubble



Molecular Ultrasound Imaging of IBD

|Sotype MAdJCAM-1 h|St0|ogy

control

leitis

Bachmann, C. et al.,
Gastroenterology 2006; 130: 8-16.
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TNF-a induces selectin-mediated leukocyte rolling
1In mouse cremaster muscle arterioles

ERIC J. KUNKEL, UNSU JUNG, AND KLAUS LEY
Department of Biomedical Engineering, University of Virginia
School of Medicine, Charlottesville, Virginia 22908
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Original Contributions

Direct Demonstration of P-Selectin— and
VCAM-1-Dependent Mononuclear Cell Rolling in Early
Atherosclerotic Lesions of Apolipoprotein E-Deficient Mice

Carroll L. Ramos, Yuqing Huo, Unsu Jung, Shukti Ghosh, David R. Manka,
Ian J. Sarembock, Klaus Ley

superfusion with MOPS-buffered
physiological salt solution

syringe pump

HET D=

fluorescently labeled
mononuclear cells

Circ. Res. 1999: 84: outlet
1237-1244.

intravital
microscope stage



Ex vivo perfused apoE-- carotid artery

YWelocity for Cell #0 = B4.25 Frame #4
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Leukocyte Arrest During Cytokine-Dependent Inflammation
In Vivo'

Eric J. Kunkel,” Jessica L. Dunne, and Klaus Ley3
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_eukocyte Rolling Velocity Distribution
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CYTOKINE-INDUCED INFLAMMATION
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1222 IEEE TRANSACTIONS ON MEDICAL TMAGING, VOL. 21. NO. 10, OCTOBER. 2002

Tracking Leukocytes /n Vivo With Shape and Size
Constrained Active Contours

Nilanjan Ray, Student Member, IEEE. Scott T. Acton”™, Senior Member, IEEE, and Klaus Ley

Ray, N. et al., IEEE Trans Med Imaging
2002; 21: 1222-1235.



Autoperfused mouse flow chamber reveals synergistic

neutrophil accumulation through P-selectin and E-selectin
Michael L. Smith,* Markus Sperandio,*™" Elena V. Galkina,* and Klaus Ley*+

*Department of Biomedical Engineering and *Cardiovascular Research Center, University of Virginia,
Charlottesville; and "Neonatal Unit, Children’s Hospiial, University of Heidelberg, Germany
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20x200 um autoperfused flow chamber

Adjustable
Water column

carotid artery
catheter

Plastic Coverslip
Flow Chamber /

— | :j/ No manipulation of cells
*0-27 dyn/cm?

PE-50
Chesnutt et al.,

Microcirculation 2006
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3 ug/mL E-selectin and .5
Hg/mL ICAM-1




E-selectin engagement is not
sufficient for neutrophil arrest....
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CXCL1 + - + +

Chesnutt et al.,
Microcirculation 2006



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

Spleen Tyrosine Kinase Syk Is Necessary
for E-Selectin-Induced o B> Integrin-Mediated
Rolling on Intercellular Adhesion Molecule-1

Alexander Zarbock,* Clifford A. Lowell,® and Klaus Ley'23*

"Robert M. Berne Cardiovascular Research Center

2 Department of Physiology and Biological Physics

® Department of Biomedical Engineering

University of Virginia, Charlottesville, VA 22908, USA

“ Department of Anesthesiology and Intensive Care Medicine, University of Minster, 48155 Miinster, Germany
EDepartmentof Laboratory Medicine, University of California, San Francisco, San Francisco, CA 94143, USA
*Correspondence: klausley@virginia.edu

DOI 10.1016/j.immuni.2007.04.011




Slow rolling on E-selectin and ICAM-1 is
LFA-1-dependent
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Zarbock et al., Immunity
2007



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



ITAM adaptors
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Mixed chimeric mice to study rolling velocities of
DAP12/FcRy double deficient leukocytes
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Zarbock et al., JEM
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Phosphorylation assay
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Elimination of DAP12 and FcRy 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
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Fgr is phosphorylated at Y416 upon E-selectin

engagement
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Loss of function:
Fgr is needed for Syk phosphorylation

IB PY  —

IP: Syk

B SYk o s ww —

WT unstimulated
Fgr’- unstimulated

Zarbock et al., JEM
2008

WT E-selectin 10 min.
Fgr’- E-selectin 10 min.
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BTK upstream of Phospholipase vy,

Phospho-PLCy2 (Tyr1217) I ss== 1 155kD
total PLCy2 e 155kD
.\S\-

“ ,(\o
) o &

IP concentration

3

Q
' Y \
(\‘5‘\6\ »66\, (\gct Q;‘?’e, (\‘5&\, 22 Mueller et al., Blood
,‘\) ,‘e\(l\:"\(l ,Zlo‘,zl?’



PSGL-1
LFA-1
selectln @
DAP12 ! ;
I.T

AV
Syk PYPY
o

PYPY




Integrin Conformations
©

2

| domain

::ii | B | domain

Thigh | N\

Genucg

Hybrid

PSI

Calf-1 I-EGF1-4

Calf-2
X B-tail

™ I N ™
B
o p

Closed headpiece, Closed headpiece, Open headpiece,
bent extended extended

Luo BH et al. Annu Rev Immunol 2007



PHAGOCYTES, GRANULOCYTES, AND MYELOPOIESIS

Rolling on E- or P-selectin induces the extended but not high-affinity
conformation of LFA-1 in neutrophils

“Yoshihiro Kuwano,! *Oliver Spelten,2? Hong Zhang,! tKlaus Ley,” and fAlexander Zarbock?3

Divizion of Inflammation Biclogy, La Jolla Institute for Allergy & Immunclogy, CA; 2Departmant of Anesthasiology and Intensive Cara Medicine, University of
Minster, Minstar, Gamany; and *Max-Flanck Institute for Molecular Biomedicine, Minster, Gemmany
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Immobilized reporter assay
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Fluid phase reporter assay
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Quantitative dynamic
footprinting microscopy
reveals mechanisms of
neutrophil rolling

Prithu Sundd', Edgar Gutierrez?, Maria K Pospieszalska',
Hong Zhang!, Alexander Groisman? & Klaus Ley'
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Epifluorescence vs TIRF
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gDF reveals long tethers

40 60 80 100 120 140 160 180

N2O=2NWAOD

Y position (um)

LN

»

A<D B F B 45 M4 32 O A 23 365 6 T 8B 9
X position (uum)

220,
200

175

. al B et P B L Rl S R YA R A e ) TR
g . e b ,‘* < V- ke
\ d :
£ 150- | / ' iy

E
= 125
o

5 h2

211100 67 65 4324001234656 7 89
X position (um)



gDF reveals long tethers

Rotation due to 7,

AT

0.5 um



National Heart Lung and Blood Institute

National Institute for Diabetes, Digestive and Kidney Diseases
National Institute for Biomedical Imaging and Bioengineering
National Science Foundation

Deutsche Forschungsgemeinschatft

Studienstiftung des Deutschen Volkes

American Heart Association

Crohn’s and Colitis Foundation of America

Mizutani Foundation

Whitaker Foundation

Wallace Coulter Foundation

Juvenile Diabetes Research Foundation

LA JOLLA INSTITUTE
for

ALLERGY & IMMUNOLOGY

EiAd




Co-authors

Abbott, D.W.
Abram, C.L.
Acton, S.T.
Aigner, S.
Allegretti, M.
Allietta, M.
Alon, R.
Altevogt, P.
Altman, A.
Anakawa, R.
Anderson, C A.
Anderson, G.P.
Andrew, D .F.P.
Arbenz-Smith, K.
Arbones, M.L.
Arfors, K.-E.
Armold, G.J.
Asagiri, M.
Auch-Schwelk, W.
Azar, D.W.
Babushkina, 1.
Bachmann, C.
Backer, J.
Backer, M.
Bagby, G.J.
Baker, JB.
Ballantyne, C.M.
Bamias, G.
Barlow, S.C.
Barringhaus, K.G.
Basit, A.
Beaudet, A.L.

Beck-Sickinger, A.G.

Bender, T.P.
Bennett, D.K.
Berger, E.
Bernstein, D.
Berr, S.S.
Bevard, M H.
Bixel, M.G.
Blackman, B.R.
Bockler, D.

Bolick, D.T.
Bongrazio, M.
Borges, E.
Bosse, R.
Braciale, T.J.
Brandenburger, G.H.
Brandt, E.
Braun, N.
Brazil, D.
Brewer, K.
Brinkmann, V.
Brown, J.
Bruce, A.C.
Brugge, J.S.
Buchheiser, A.
Bullard, D.C.
Burcin, T.L.
Buscher, K.
Buschmann, K.
Butcher, E.C.
Butcher, M.
Cacalano, G.
Cagnina, R.E.
Calisaneller, T.
Campbell, M. A
Capon, D.J.
Cauwenbergs, S.
Cerrito, M.
Chang, D.
Chen, M.
Chesnuitt, B.
Chin, W.W.
Cho, H.J.
Chomas, J.E.
Chow, M.M.
Christiansen, J.
Chui, D.S.
Claalen, M.
Clarke, S.
Coggins, M.P.
Collins, R.G.
Cominelli, F.

Coughlin, SRR.
Cullere, X.

Cummings, R.D.

Cybulsky, M.I.
Czarmik, A.C.
Dabak, V.
Damiano, E.R.
Dang, X.
Davis, C.
Dawson, T.C.
Day, K.
Dayton, P.A.
Decking, U.K.
Deem, T.L.
Dernedde, J.
Diao, L.

Din, S.

Ding, Z.
DiStasi, M.R.
Ditto, D.
Dobrian, A.

Doerschuk, C.M.

Donell, B.B.
Doyle, M.A.
Dragulev, P.
Duley, A.
Duling, B.R.
Dumont, A.S.
Dumont, R.J.
Dunne, J.L.
Dunson. D.
Ellies, L.
Ellies, L.G.
Elliis, C.G.
Engelhard, V H.
Engelmann, B.
Erbel, C.
Ernst, B.
Ernst, P.B.
Eytner, R.
Feldman, S.H.
Fennie, C.

Ferrante, E.A.
Ferrara, K.
Ficarro, S.
Fiebig, E.
Fisher, J.
Fleck, E.
Flogel, U.
Foley, P.L.
Forlow, S.B.
Foy, D.S.
French, B.A.
Friebel, M.
Friedrichs, J.
Fritzsche, A.
Fritzsching, B.
Frohlich, T.
Frommbhold, D.
Fu, S.M.
Fukumoto, M.
Fuller, L.C.
Funk, C.
Furie, B.
Furie, B.C.
Gaehtgens, P.

Gakidis, M.A.M.

Galkina, E.V.
Garcia, B.A.
Gear, A.
Geissmann, F.
Gelfand, B.D.
Gerwin, N.
Ghosh, S.
Gibb, D.R.
Gibson, R.M
Gillooly, K.M.
Gilson, W.

Gimbrone, M A.

Gimple, L.W.
Gleissner, C.A.
Godecke, A.
Gonzalo, JA.
Goobic, AP.

Gorfu, G.
Grabbe, S.
Graf, K.

Grafe, M.
Green, S.A.
Griffin, S.
Groisman, A.
Grone, H.-J.
Grofe Bockhorn, S.
Gutierrez, E.
Gutierrez-Ramos, J.C.
Hafezi-Moghadam, A.
Hagen, F.K.
Hancock, L.N.
Hanrath, P.
Hanski, C.
Harry, B.L.
Hashiyama, M.
Hayes, J.
Heavner, G,A,
Hedrick, C.C.
Heide, J.
Heimpel, C.
Heine, H.
Henrich, H.
Hesselbacher, S.E.
Hicks, J.
Hirsch, E.

Ho, J.

Hoang, S.
Hoffmann, A.
Hossack, J.
Hsieh, C.M.
Hundt, M.
Hunt, D.F.
Huo, Y.
Hurwitz, D.
Hyman, M.C.
Intagliettea, M.
lvashkina, N.
Jain, N.

Jung, S.



Co-authors

Jung, U.

Kadl, A.

Kahn, M.L.
Kamochi, F.
Kamochi, M.
Kansas, G.S.
Kaplan, S.
Kassell, N.F.
Katus, H.A.
Kaul, S.
Kessler, M.
Khandoga, A.G.
Kharel, Y.
Kim, Y.B.
Klibanov, A.L.
Klotz, K.F.
Klugewitz, K.
Kolb, H.C.
Kalls, J.K.
Koszalka, P.
Kozaiwa, K.
Kremmer, E.
Krissansen, G.
Kronke, G.
Kubo, H.
Kunkel, E.J.
Kuwano, Y.
Kuziel, W.A.
Lange-Sperandio, B.
Lansey, M.
Lasky, L.A.
Laubach, V.E.
Laudanna, C.
Lawrence, M.B.
Le, D.

Lee, J.K.

Lee, K.S.

Lee, S.
Leitinger, N.
Leppanen, A.
Leuschen, N.V.
Li, B.

Li, G.

Liao, J.K.
Liehn, E.A.
Limbourg, F.P.
Lin, C.L.
Lindbom, L.
Linden, J.
Linderkamp, O.
Lindner, J.R.
Linnemann, G.
Litle, KKM.
Littman, D.R.
Lohler, J.
Long, D.S.
Lorenz, M.
Lorenzo, |I.
Lowell, C.A.
Lu, H.

Lu, K
Ludwig, A.
Lundgren, E.

Lunscinskas, F.W.

Lynch, K.R.
Lysiak, J.J.
Macdonald, T.L
Mack, M.
Maeda, N.
Mak, T.W.
Manka, D R.
Manz, M.G.
Marth, J.D.
Massberg, S.
Matsumoto, S.
Mayadas, T.

Maynard-Curry, C.

McArthur, M.
McDaniel, J.M.
McD uffie, M.
McEver, R.P.
Mclintyre, LW.
McNiece, I.
Meddings, J.B.

Meinen, M.
Merad, M.
Mestas, J.
Meyer, J.-U.
Miller, Y.
Mishin, V.
Molineux, G.
Moll, T.
Molojavyi, A.

Montgomery, C.A.

Moore, K.L.
Moore, M.W.
Moores, S.L.
Morgan, S.J.
Morris, M A.
Moskaluk, C.A.
Moskowitz, M.A.
Mossmann, H.
Moton, A.
Mueller, H.
Mdller, W.
Munoz, F.
Munro,J.M.
Nadler, J.L.
Naganuma, M.
Nelson, P.
Nguyen, QA.T.
Nobiling, R.
Node, K.
Norman, K.E.
Norton, C A.
Nourshargh, S.
Nuck, R.
O'Connell, M.
Offermanns, S.
Ohtsubo, K.
Olson, T.S.
Oppermann, M.
Ord, D.C.
Otten, G.
Ouyang, H.
Ozuyaman, B.

Pauly, E.
Pearson-White, S.
Pfeiler, S.

Phan, E.T.

Phat, D.

Phillips, J.W.
Pickard, J.E.
Pizarro, T.T.
Plumier, J.C.
Polanowska-Grabowska,
R.

Popel, AS.
Pospieszalska, M K.
Powers, E.R.
Prasad, KR.
Pratico, D.
Priatel, J.J.
Pries, A.R.
Prorock, A.J.
Proudfoot, A.E.I.
Pryor, A.W.
Raffler, N.A.
Ragosta, M.
Rajewsky, K.
Ramirez, M.
Ramos, C.L.
Ratech, H.

Ray, N.
Rebsamen, M.C.
Reich, C.
Reuter, B.K.
Reutershan, J.
Rich, S.

Riese, SB.
Rivera-Nieves, J.
Root, K.E.
Rose, C.E.
Rosen, S.D.
Rosengren, S.
Ross, W.

Ruan, X.

Rickle, T.

Rychak, JJ.
Sambrano, G.R.
Sanders, J.M.
Saprito, M.S.
Sarembock, 1.J.
Sauders, K.B.
Sawh, S.
Schaerli, P.
Scharffetter-Kochanek,
K.

Scharte, M.
Schauble, E.
Scheding, C.
Schober, A
Scholke, M.
Schrader, J.
Schulz, C.
Schiimann, K.
Schuppan, D.
Schurr, J.R.
Schwartz, M.A.
Schwarzenberger, P.O.
Scott, D.

Scott, K.G.E.
Seifert, R.
Setiady, Y.
Sevigny, J.
Shababnowitz, J.
Shaked, I.
Shakibei, M.
Shashkin, P.
Sheasley-O'Neill, S.L.
Sieweke, M.H.
Simoncini, T.
Simpson, D.
Singbartl, K.
Singer, M .S.
Sixt, M.

Skalak, T.C.
Smalley, D.M.
Smith, C.W.
Smith, D.F.



Co-authors

Smith, E. Turner, SD. Zarbock, A.
Smith, M.L. Tumer, T.T. Zeldin, D.C.
Smithies, O. Underhill, G H. Zeller, Y.
Snapp, K.R. van Aken, H. Zerecke, A.
Snyder, A.H. van Nood, N. Zhang, B.
Somg, J. Varughese, D. Zhang, H.
Spanel-Borowski, K. Vaswani, D. Zhang, H.
Spellberg, J. Vestweber, D. Zhao, L.
Spelten, O. von Andrian, U.H. Zhu, R.
Sperandio, M. von Hundelshausen, P. Zigler, M.A.
Spiecker, M. von Vietinghoff, S. Zimmermann, H.
Srinivasan, S. Wagner, N.

Stadtmann, A. Wagner, N.

Stark, M. Wakcham, A.

Steegmaier, M. Walzog, B.

Stevens, B. Wang, D.

Stickney, G.W. Webb, J.

Stockton, R. Weber, AA.

Stoolman, L. M. Weber, C.

Straume, M. Weber, K.S.C.

Suda, t. Weissinger, M.

Sugawara, K. Westheider, J.

Sullivan, G.W. Wethar, K.

Sunnd, P. Wethmar, K.

Suzuki, A. Whetzel, AM.

Swat, W. White, EJ.

Tabak, L.A. Wiegman, P.

Tada, Y. Wild, M.K.

Takalkar, AM. Williams, M.B.

Takimoto, H. Wilsbacher, J.L.

Tauber, R. Witztum, J.L.

Tedder, T.F. Wolitzky, B.A.

Tenno, M. Wu, D.

Terbeek, D. Xia, L.

Thatte, A. Xu, F.

Thatte, J.S. Yago, T.

Theodorescu, D. Yang, B.

Thomas, K.L. Yang, W.C.

Tigno, X.T. Yang, Z.

Tonellato, P.J. Young, J.S.

Tozeren, A. Yousef, J.

Tung, K.S.K.

Zakrzweicz, A.



.
Neutrophil Arrest

00:01:49.595

s

10 um




.
Neutrophil Arrest

00:01:59.803

10 um




.
Neutrophil Arrest

30 b TIRF Epi-fluorescence
€ 25 Arrest ,-a——"
-
: 20 A
S 15 - |
2 10 - ¥
O
< 9

0 ] T

-4 3 2 -1 0 1 2 3
Time (s)
Os 25 s 55s 100 s

P S -- &

10 um




.
Neutrophil Arrest

Rolling Arrest
r I ‘ Z (nm
a o - 200
. oy - 150
d o> © 100
e . - 5
f 9>- - 50
g - - 35
Os 1s 2s 4s 29 s 58 s

10 uym




Os

4s

10 s

14 s

27 s

Rolling

Arrest



.
Neutrophil Arrest

o
=]
s
(=]
o

d1

—
=
=
=
[}
=
7]
=3
r=%
-

Adbmwio=nmwab
[
Y position (um)
LB = ws

-12-11-10-9 -8 -7 6 -5-4-3-2-1 0 1 2 3 4 -1211-109 8 -765-4-3-2-101 2 3 4
X position (um) X position (um)

39 s 48 s 52 s 55 s
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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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Aspect ratio (y/x) of tether anchorage
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Total Internal Reflection Fluorescence Microscopy
d(8) = (A 4m)(n, 2 sin? @ —n,3)~1/2

T(g) = 4cos?@ /[1 — (n2/nyi%]
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KiIM127, NKI-L16 not expressed on whole
blood neutrophils
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TS1/22, but not m24 expressed on whole
blood neutrophils

100 100
60 60
: — 0 4 J S
10" 10' 107 10° 10” 10’ 3 10°

m24 TS 1/22

....................... Isotype Ab

No activation

fMLP Kuwano et al., Blood in
press



40 80 80 100 120 140 180 180 200

¥ position (um)

L R = O = )L e 0 )

B d1

-18-17-16-15-14-12-12-11-10-9 8 -¥ 6 -5 4 -3 -2 -1 0 1 2 3 4 5 6
% ety

{um)
40 50 B0 100 120 140 160 180
[ : B |
5
4
3
_ 2
E 1
3
o
5.
=
B -2
2.3
>4
-5
6
7

151413121110 -9 8 -7 6 -5 -4 3 2 -1 0 1 2 3 4 56 7 8 9
X position (um)

40 60 80 100 120 140160 180
6
5
4
B
g
-
g0
§.—1
-2
g

M 1

ﬁ5—14—13—12—11—1ﬂ'-9 4-7T6-54-3-2-10123 45678219
X position (jm)

40 G0 100 120 140 160
[ i I
6
5
4
3
T2
b |
g0
g 5
=2
L
ﬂa.ﬁ.tﬁ-ls-u-u-u-n -10 -8 -8 -7 - -3 - 8
X position (jum)
40 &0 80 100 120 140 160 180
L - eE———
]
5
4
3
€ 2
~=1
=
20
g.i
- -2
-3
-4
5
&

211109 8 -7 6 -5 4-3-2-1 012 3 4567 8 9
X position {(um)

= LeF
-2 L

-qB—1?v1E-15-‘|dv13—12-11-1{! 9 -8-f6-5-4-3-2-1012 3 456
X position (um)

Z position (nm)

-gII5-|4-13-12-11-1D-9 -8 -7 6-54-3-2-1012 3 4 567 8 9
X position (um)
220
200
175
150
= 125
£ 100
75

50 I

25 fz '

25-14-13-12-11-10-9 8746 54-3-2-101223345 674829
X position (um)

Z positio

(nm)
2

Z positiol
~
(1]

50
25 gz

5:8-17—16-15-14—13-12—11—10 9 8 7 65432420 1 2 3 4 5 B
X position {jum)

220
200
175

£150

H

=125

=10

,% 75

50
= h2
0

A2-11-10-9 8 -7 &£ 5 4-3-2-1 0123458672829
X posSon {pm)




BTK and Phospholipase v,
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