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Cell adhesion is the binding of a cell to a surface, 
extracellular matrix or another cell using 

cell adhesion molecules 

Hematopoiesis (simplified): 

Oncogene (2005) 24, 5676–5692 

CX3CR1 
CSF1R (CD115)  

FLT3 
LysM 

based on adoptive transfer studies 
and intravital imaging 

Geissmann F,  Manz MG, Jung S, Sieweke MH, Merad M, Ley K . Science, 2010 

In vivo analysis of the development and functions of the mononuclear phagocyte system 

granulocytes 
LysM Pu.1 

MafB 
Myb 
IRF8 

NR4A1 

leukocytes 

Source: http://en.wikipedia.org/wiki/White_blood_cell 

! Leukocyte differentiation antigen  
 
! CD: cluster of differentiation.  
   The same differentiation antigen recognised by 

different monoclonal antibodies from different labs 
are called CD.�

What is ‘CD’ definition? 
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Adhesion to the endothelium: site of vascular recruitment of circulating leukocytes to 
enable effector functions (immunity & inflammation & tissue ‘repair’) 

Current Opinion in Pharmacology 2012, 12:601–607 

Endothelial inflammation induces recruitment of leukocytes 

‘Resting’ endothelium TNF activated endothelium 

Mouse cremaster tissue (in-vivo imaging) – note: rolling leukocytes along endothelium 

Woollard et al, Circ Res., 2008 

Endothelial inflammation induces recruitment of leukocytes 

TNF activated endothelium 

Mouse cremaster tissue (in-vivo imaging) – note: rolling leukocytes along endothelium 

Woollard et al, Circ Res., 2008 Geissmann F. Jung S. & Littman D.R. Immunity, 2003 

Monocyte subsets as an example: 

Study of monocyte functions by intravital microscopy 
 

Rag-/- γc-/- Cx3cr1+/gfp 

+ 
Fluorescent Dextran 

500 µm 

Steady state 
 

Science, 2007 

Aim: study Ly6Clow blood monocytes in the steady state 
Dermal microvasculature of the ear 

 

Cell Adhesion in-vivo 
Examples of cell recruitment and locomotion 

Neutrophil adhesion in-vivo after vascular injury 
(note: platelet-leukocyte aggregates)  
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cytokines/chemokines 

www.nature.com/reviews/immunol 

1 2 3 4 5 

Annu Rev Pharmacol Toxicol 42: 2002, 469–99 

Chemokines (generalised overview): 

Nature Reviews Immunology 11, 597-606 (September 2011) 
 

Chemokines continued: 

Volume 21, Issue 1, February 2010, Pages 27–39. Inflammation and Cancer 
 

‘cell adhesion cascade’ 
1.  Capture 
2.  Rolling 
3.  Slow rolling (activation) 
4.  Firm adhesion 
5.  Transmigration 
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1. Capture 

Selectin’s structure: 

Braz J Med Biol Res, May 1999, Volume 32(5) 519-528 

Cleaved soluble forms of endothelial selectin molecules can act as a surrogate 
marker of systemic inflammation 

Plasma adhesion molecules (selectins) as plasma biomarkers of inflammatory disease 

Woollard et al, Circ Res., 2006 
Woollard et al, Circ Res., 2008 

sdf 
PAOD = Peripheral arterial occlusive disease 
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Soluble cleaved P-selectin increases leukocyte adhesion 

Galkina E , Ley K Circulation Research 2006;98:12-14 

Copyright © American Heart Association 

2. Rolling 

1 2 3 4 5 

2. Rolling 1. Capture 

3. Rolling (2) and Slow rolling (activation):  
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Ligand receptor ‘outside-in’ vs ‘inside-out’ signaling: 

Blood July 22, 2010 vol. 116 no. 3 485-494  

Integrin ‘affinity’ activation 

Nature Reviews Immunology: 546 | july 2005 | volume 5 
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Monocyte crawling is mediated through the β2 integrin LFA1 (CD11a/CD18) 
Gr1-/Ly6Clow  monocytes adhere to the luminal side of the endothelium 

Science, 2007 

4. Firm adhesion 

1 2 3 4 5 
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Patrolling Ly6Clow /Gr1-

CX3CR1high monocytes rapidly 
extravasate in response to tissue 

damage 

PBS micropipette Dibutylphtalate/Acetone 

Tracking the fate of monocytes during inflammatory response 

1h 2h 

5. Transmigration 

Science, 2007 

5. Transmigration 

Paracellular vs Transcellular migration 

Nature Reviews Immunology; 678, 7, 2007 
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What happens when adhesion goes wrong? 

Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology 
Volume 87, Issue 6, June 1999, Pages 691–694 
 

Leukocyte Adhesion Deficiency  
autosomal recessive disorder 1:100,000 

‘Vulnerable’ atherosclerosis 

Swirski et al. Monocyte accumulation in mouse atherogenesis is progressive and proportional to extent of disease.  
Proc Natl Acad Sci USA (2006) vol. 103 (27) pp. 10340-5 

Woollard, K. J. & Geissmann, F. Nat. Rev. Cardiol. 7, 77–86 (2010 

Plaque rupture 

•  Note: Adhesion molecules directly regulate 
atherosclerosis  
– P-selectin knockout mice protected from 

atherosclerosis  
– VCAM-1 knockout mice protected from 

atherosclerosis  

Nat. Rev. Cardiol. 7, 77–86 (2010) 
Current Pharmaceutical Design, 16. 4113-8 (2010) 
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Many autoimmune vasculopathies (associated with infiltration of leukocytes)  
- leads to accelerated atherosclerosis 

‘when immune cells self attack’ 

Examples: 
•  Rheumatoid Arthritis (synovial membranes) 
•  Systemic Lupus Erythematosus (eg. glomerulonephritis) 
•  Vasculitides (eg. glomerulonephritis, lung inflammation) 
•  Diabetic complications (eg. retinopathy) 
•  ….. 

del Rincon et al., 2001.. Arthritis Rheum 44:2737-2745.  

Therapeutic targeting 

Woollard et al., Inflammation & Allergy - Drug Targets, 2007, Vol. 6, No. 1 

Summary 1 
•  Leukocyte margination (recruitment, adhesion & migration) 

is required to deliver effector functions of bone marrow/
blood cells to sites of infection, inflammation and tissue 
repair. 

•  Cells are recruited by a ‘favorable’ chemotactic gradient and 
localised cytokine activation of cells and/or endothelium 

•  Cell adhesion is at least a 5 step process: 
–  Capture 
–  Rolling 
–  Slow Rolling (activation) 
–  Firm adhesion 
–  Transmigration 

Summary 2 
1)  Capture: Involves E-selectin and P-selectin (expressed on cytokine 

activated endothelium) binding to PSGL-1 ligands constitutively 
expressed on circulating leukocytes 
�  Cleaved soluble plasma selctins interfere with cell adhesion, but 

may result in useful biomarkers of inflammatory disease 
2)  Rolling involves selectin-ligand interactions and outside-in signaling 
3)  Slow rolling induces inside-out signaling and integrin affinity activation 

eg. LFA-1(β2αL):ICAM-1 and VLA-4(β1α4):VCAM-1 
4)  Continued activation signals induce firm adhesion via (eg.) 

MAC-1(β2αL):ICAM-1 
5)  Transmigration via transcellular or paracellular routes (JAMs, PECAM 

etc) enables leukocytes to enter relevant tissues and mediate target 
functions 
�  Targeting adhesion molecules may provide novel drug target for 

modulating inflammatory disease 

Summary 3 

•  ‘LAD’ disables leukocytes from entering 
relevant organs and tissues 

»  ~1:100,000 births 

•  ‘Atherosclerosis’ involves increased 
leukocyte recruitment to prone vascular 
beds and progression of ‘vulnerable’ 
atherosclerotic plaque 

»  ~16-17 million deaths per year 

Dr Kevin Woollard 
k.woollard@imperial.ac.uk 

Further reading: 

Nature Reviews Immunology: 678 | september 2007 | volume 7 
Nature Reviews Molecular Cellular Biology: 288 | april 2010 | volume 11 
Nature Reviews Molecular Cellular Biology: 366 | may 2010 | volume 11 
Nature Reviews Immunology: 546 | july 2005 | volume 5 
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Nature Reviews Molecular Cellular Biology: 288 | april 2010 | volume 11 


