Interactions Between Cells and Their Environment
1. Cells interact with extracellular material to form defined tissue
· These interactions form epithelial and connective tissue
2. The glycocalyx is a cell coat formed from carbohydrate projections from the plasma membrane
· Mediates cell to cell and cell to substratum interactions
3. The extracellular matrix is an organized network beyond the plasma membrane, regulates shape and activity of cell
4. The basement lamina is a underlying sheet of membrane below the epithelial tissue
· Surrounds blood vessels
· Maintains cell attachment
· Serves as substratum for cell migration
5. Collagens are fibrous glycoproteins found in the ECM
· Most abundant protein in the body
· Provide tensile strength in specific locations of the body
· Trimers of polypeptide chains
· Collagen type 4 is non-fibrillar, and is only in the basement lamina
· Collagen based diseases include
· Fibril
· Type 1 osteogenesis imperfect, fragile bones
· Type 2 dwarfism
· Ehler-Danlos syndromes, hyperflexibility
· Fibrosis, overproduction of collagen in lungs (pulmonary fibrosis) or in liver (cirrhosis)
· Non fibrillar Type 4
· Alpert syndrome, kidney disease of glomerular basement membrane
6. Proteoglycans are protein-polysaccharide complexes with core proteins attached to glycosaminogylcans (GAGs)
· Have a repeating disaccharide structure
· Resist crushing forces to cushion cells
· Negatively charged GAGs attract lots of cations which attract water to form a hydrated gel
7. Fibronectin is a linear array of polypeptides forming a modular structure 
· Has binding sites for other components of the ECM
· Guides cells during embryogenesis
· Human fibronectin consists of two polypeptides joined by disulfide bonds
8. Laminins are extracellular glycoproteins made up of three polypeptide chains linked by disulfide bonds
· Help cell migration during development
· They are components of basement membranes lining tissues, along with collagen Type 4
· Have domains for interaction with other proteins
9. Dynamic Properties of ECM
· The ECM can be stretched during tension
· Constantly remodeled by degradation and reconstruction
· ECM materials are degraded by matrix metalloproteinases (MMPs)
· MMPs are involved in tissue remodeling, embryonic cell migration, wound healing, and formation of blood vessels
· Arthritis, tumor progression, blood clotting, and heart attacks are associated with MMPs
· MMPs are regulated by TIMPs (Tissue Inhibitor of Metalloproteinases)
10. Integrins are membrane proteins composed of  heterodimers with alpha and beta subunits
· Integrate extracellular and intracellular environments
· Links between integrins and ligands mediates adhesion of cells to their substratum or other cells
· Inside out signaling involves talin binding to the cytoplasmic tails, and separating alpha and beta chains to induce conformational changes, which in turn allows integrin to bind to extracellular ligands
· Binding of proteins to integrins carried out by tripeptide RGD
· Tripeptide RGD is required for platelet aggregation
· Fibrinogen binds to integrin to glue platelets together
· Clot buster drugs work by using RGD peptide as a competitive inhibitor to the fibronogen/integrin interaction
· Cytoplasmic domains of integrins contain the binding sites for cytoplasmic proteins
· Integrins make the connection between the ECM and cytoskeleton
11. Focal adhesions are sites for cell adhesion to their substratum and send signals to the cell interior - in vitro
· May act as a sensory structure
· Also implicated in cell locomotion
12. Hemidesmosomes are attachments of epithelial cells to the basement membrane - in vivo
· Contain a dense plaque with keratin filaments
· Keratin filaments are linked to the ECM by integrins
· Bullous pemphigoid is an autoimmune disease caused by antibodies produced to destroy plaque proteins
· Epidermolysis bullosa is a genetic disease for hemidesmosomal proteins
 
Interaction with Other Cells
13. Cells have surface recognition sites that maintain organization
14. Experimental demonstrations of cell to cell recognition:
· Mixed pre-cartilage cells from a chick limb and a chick heart reorganize based on cell type
· The ectoderm and mesoderm from an early amphibian embryo will reassociate after initial dissociation
15. Selectins are integral membrane glycoproteins that bind to sugars on cell surfaces
· Contain a small cytoplasmic domain, a single membrane spanning domain, and an extracellular domain
· Classified in three types
· E-selectin, on endothelial cells
· P-selectin, on platelets and endothelial cells
· L-selectin, on white blood cells
16. Role of Selectin in Cell Adhesion in Inflammation and Metastasis
· Inflammation is a response to infection or injury
· Leukocytes are first recruited to the injury site
· Neutrophils attach to P- and E- selectins
· Neutrophils start to roll along the vessel wall to move to the bloodstream
· As neutrophils interact with the inflamed wall, platelet activating factor (PAF) is activated
· PAF sends signal to increase integrin binding activity
· Activated integrins cause neutrophils to stop rolling and adhere to the vessel wall
· Cancer is the result of abnormal cell proliferation and metastasis
· Metastatic cells are less adhesive, able to penetrate several barriers, and able to invade normal tissue
· During the growth of a tumor, E-cadherin is lost; less adhesion
· Changes in the numbers of cell adhesion molecules promote metastasis
17. Cadherins are glycoproteins that mediate Ca2+ dependent cell-cell adhesion
· Cadherins join cells of similar types by binding to the same cadherin on the other cell
· Classified into 
· E-cadherin, on epithelial cells
· N-cadherin, on neural cells
· P-cadherin, on placental cells
· Also involved in signal transmission from ECM to cytoplasm
· Mediate adhesive changes during embryonic development by forming the  epithelial-mesenchymal transition (EMT)
· Epithelia - Tight associations
· Mesenchymal - Loose associations
· During embryogenesis, cells gain and lose adhesive properties
 
18. Intercellular Junctional Complex
· Adherens Junctions form belts near surface called junctional complex
· Cells of adherens junction are linked by calcium dependent bonds
· Structure: 
· Cytoplasmic domain of cadherin molecule is connected to actin filaments of the cytoskeleton by linking proteins (eg. Alpha-catenin, beta-catenin)
· Beta Catenin is a key element in the signaling pathway from the cell surface to nucleus
· Desmosomes are disk-shaped adhesive junctions between cells
· In areas of mechanical stress
· Contain cadherins that link two cells across a narrow gap
· Cadherins of desmosomes have different domain structures: desmogleins and desmocollins 
· Pemphigus vulgaris is a disease caused by antibodies against desmogleins, which results in loss of cell to cell contact and blistering
· Tight Junctions are specialized contacts between epithelial cells
· Located at the very end of the junctional complex
· Serve as a barrier to free diffusion of water and solutes from the extracellular compartment
· Some are permeable to specific ions or solutes
· Proteins
· Occludin is found tight junctions
· Claudins form the major structure of tight junctions, and may influence permeability 
· Claudin-16 is expressed in the kidney tubule, abnormalities make the tubule impermeable to Mg2+; it is excreted and not reabsorbed
· Claudin-1 abnormalities result in death by dehydration caused by uncontrolled water loss
· Gap Junctions are sites for intercellular communication
· Composed entirely of connexin
· Connexins are organized into complexes called connexon
· Communication allows the passage of low weight molecules
· They can allow integration of activities of individual cells into a functional tissue
· Compatibility between connexins either promote or prevent communications
· The newest discovered type of communication is tunneling nanotubes
· Observed in cells growing in cultures
· Cells are connected to each other by a tubular process that carries material between cytoplasms
· These processes are only 100nm in diameter, and supported by an internal actin skeleton
· They can transmit viral particles and prions( infectious agent composed of protein in a misfolded form)
 
19. The Immunoglobulin SuperFamily (IgSF) are proteins involved in immune functions
· Most IgSF molecules mediate interactions between lymphocytes and infected cells
· Some mediate adhesion between non-immune cells
· VCAM - Vascular Cell-Adhesion Molecule
· NCAM - Neural Cell-Adhesion Molecules
· L1- Neural Development
 
The Role of Cell Adhesion Receptors in Transmembrane Signaling
· Transmembrane signaling is the transfer of information across the plasma membrane
· Integrins and cadherins can transmit signals from the ECM to the cytoplasm
· The binding of an integrin and its ligand can induce responses (eg. Changes in growth potential)

