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Introduction
In many animal tissues (e.g., connective tissue), each cell is separated from the next by an extracellular coating or matrix.
However, in some tissues (e.g., epithelia), the plasma membranes of adjacent cells are pressed together. In vertebrates, there are three major classification of cell junctions:
· Adherens junctions, desmosomes and hemidesmosomes(anchoring junctions)
· Gap junctions ( or communicating junction)
· Tight junctions (occluding junctions)
Invertebrates have several other types of specific junctions, for example septate junctions or the C. elegans apical junction.
In multicellular plants, the structural functions of cell junctions are instead provided for by cell walls. The analogues of communicative cell junctions in plants are called plasmodesmata.
	










2. ANCHORING JUNCTION
Cells within tissues and organs must be anchored to one another and attached to components of the extracellular matrix. Cells have developed several types of junctional complexes to serve these functions, and in each case, anchoring proteins extend through the plasma membrane to link cytoskeletal proteins in one cell to cytoskeletal proteins in neighboring cells as well as to proteins in the extracellular matrix. (Table: Types of anchoring junction)
Three types of anchoring junctions are observed, and differ from one another in the cytoskeletal protein anchor as well as the transmembrane linker protein that extends through the membrane:
	Junction
	Cytoskeletal Anchor
	Transmembrane Linker
	Ties Cell To:

	Desmosomes
	Intermediate filaments
	Cadherin
	Other Cells

	Hemidesmosomes
	Intermediate Filaments
	Integrins
	EC Matrix

	Adherens junctions
	Actin Filaments
	Cadherin/Integrins
	Other Cells / the EC Matrix


Table: Types of anchoring junctions
Anchoring-type junctions not only hold cells together but provide tissues with structural cohesion. These junctions are most abundant in tissues that are subject to constant mechanical stress such as skin and heart. 




3. DESMOSOMES
Desmosomes connect two cells together. A desmosome is also known as a spot desmosome or macula adherens (macula = latin for spot), because it is circular or spot like in outline, and not belt- or band shaped like adherens junctions. Desmosomes are intercellular junctions of epithelia and also are found in cardiac muscle. But the intermediate filament in this case is desmin, not keratin (which is found in epithelial cells).
 	They resist mechanical stress because they adopt a strongly adhesive state in which they are said to be hyper-adhesive and which distinguishes them from other intercellular junctions; desmosomes are specialised for strong adhesion and their failure can result in diseases of the skin and heart. They are also dynamic structures whose adhesiveness can switch between high and low affinity adhesive states during processes such as embryonic development and wound healing, the switching being signalled by protein kinase C. Desmosomes may also act as signalling centres, regulating the availability of signalling molecules and thereby participating in fundamental processes such as cell proliferation, differentiation and morphogenesis. Here we consider the structure, composition and function of desmosomes, and their role in embryonic development and disease.
Desmosomes are intercellular junctions that provide strong adhesion between cells. Because they also link intracellularly to the intermediate filament cytoskeleton they form the adhesive bonds in a network that gives mechanical strength to tissues. Thus desmosomes are particularly abundant in tissues such as epidermis and myocardium that are continually assailed by mechanical forces. When desmosomal adhesion fails, as in certain genetic and autoimmune diseases, tissues that are subjected to mechanical stress may fall apart. The desmosome–intermediate filament complex (DIFC) is a network or scaffolding that maintains the integrity of such tissues. The picture shows an EM of a desmosome formed between two cells ( Figure 3.1). Notice the phase dense material between the two cell membranes, which is made up of transmembrane linker glycoproteins (e.g. demosgleins and desmocollins - which are cadherin proteins). Also notice the intermediate filaments running from the desmosome into the cytoplasm. Proteins run across the membrane into the intracellular space, to connect the two cells together. These 'transmembrane linker' proteins are called desmoglein and desmocollin, which are types of cadherin.



Figure 3.1 Formation of desmosomes

3.1  Desmosome structure—can it account for hyper-adhesion?
Desmosomes have a quite characteristic highly organised, electron dense structure. They are less than 1 μm in diameter and consist of a central core region that spans the intercellular space between apposing cells and separates two identical cytoplasmic plaques that are associated with the intermediate filament network It seems very likely that this unique, robust-looking structure holds the key to understanding the basis of hyper-adhesiveness.
Desmosomes, also termed as maculae adherentes, can be visualized as rivets through the plasma membrane of adjacent cells.Intermediate filaments composed of keratin or desmin are attached to membrane-associated attachment proteins that form a dense plaque on the cytoplasmic face of the membrane. 
	
	4. HEMIDESMOSOMES
These look similar to desmosomes, but are different functionally, and in their content. Hemidesmosomes form rivet-like links between cytoskeleton and extracellular matrix components.  The connect the basal surface of epithelial cells via intermediate filaments to the underlying basal lamina. The transmembrane proteins of hemidesmosomes are not cadherins, but another type of protein called integrin.
In electron micrograph shows a Hemidesmosome (H), and two of the three layers of the underlying basal lamina. LL - lamina densa, LD - lamina lucida. Integrins in the plasma membrane link the cell to the extra-cellular matrix (Figure 4.1).


Figure 4.1 Hemidesmosome in electron micrograph 

Like desmosomes, they tie to intermediate filaments in the cytoplasm, but in contrast to desmosomes, their transmembrane anchors are integrins rather than cadherins. 





5. ADHERENS JUNCTION
Adherens junctions share the characteristic of anchoring cells through their cytoplasmic actin filaments. Similarly to desmosomes and hemidesmosomes, their transmembrane anchors are composed of cadherins in those that anchor to other cells and integrins in those that anchor to extracellular matrix. There is considerable morphologic diversity among adherens junctions. Those that tie cells to one another are seen as isolated streaks or spots, or as bands that completely encircle the cell. The band-type of adherens junctions is associated with bundles of actin filaments that also encircle the cell just below the plasma membrane. Spot-like adherens junctions help cells adhere to extracellular matrix both in vivo and in vitro where they are called adhesion plaques. The cytoskeletal actin filaments that tie into adherens junctions are contractile proteins and in addition to providing an anchoring function, adherens junctions are thought to participate in folding and bending of epithelial cell sheets. Thinking of the bands of actin filaments as being similar to 'drawstrings' allows one to envision how contraction of the bands with an group of cells would distort the sheet into interesting patterns


Figure 5.1 Adherens junction 

This diagram depicts an adherens junction. These cell to cell adhesion complexes are essential in maintaining the epidermis of the skin (Figure 5.1).

6. COMMUNICATING (GAP) JUNCTIONS
Gap junctions are the most widespread of all cell junctions in animal tissues. Gap junctions form in a narrow gap of 2-4nm, between two adjacent cells. Gap junctions are widespread in epithelial tissues throughout the body as well as in cardiac muscle cells, smooth muscle cells, and neurons, but not in skeletal muscle cells. Gap junctions are built by six closely packed transmembrane channel-forming proteins (connexins) that assemble to form channel-structures called connexons.


Figure 6.1 Gap junction 
 (A) A three-dimensional drawing showing the interacting plasma membranes of two adjacent cells connected by gap junctions. The apposed lipid bilayers (red) are penetrated by protein assemblies called connexons (green), each of which is formed by six connexin subunits. Two connexons join across the intercellular gap to form a continuous aqueous channel connecting the two cells. (B) The organization of connexins into connexons and connexons into intercellular channels. The connexons can be homomeric or heteromeric, and the intercellular channels can be homotypic or heterotypic (Figure 6.1 Gap junction).
They differ from the occluding and anchoring junctions in that they mediate intercellular communication by permitting the passage of various small molecules between adjacent cells
· There are two types of communicating junctions:
· Nexus 
· Synapses 
 Gap junctions can open and close in response to changes in calcium levels, and pH (Figure 6.2 Open and close form of gap junction).
Communicating junctions, or gap junctions allow for direct chemical, electrically, metaolocialy communication between adjacent cellular cytoplasm through diffusion without contact of the extra cellular fluid. This is possible due to six connexin proteins, interacting to form a cylinder with a pore in the centre. This protrudes across the cell membrane, and when 2 adjacent cell connexons interact, they form the gap junction channel. Connexon pores vary in size, polarity and therefore can be specific depending on the connexin proteins that constitute each individual connexon. Whilst variation in gap junction channels do occur, their structure remains relatively standard, and this interaction ensures efficient communication without the escape of molecules or ions to the extracellular fluid. 

Figure 6.2 Open and close form of gap junction

Gap junctions play vital roles in the human body, including their role in the uniform contractile of the heart muscle.  They are also relevant in signal transfers in the brain, and their absence shows a decreased cell density in the brain. Retinal and skin cells are also dependent on gap junctions in cell differentiation and proliferation. 
7. TIGHT JUNCTIONS (ZONULAE OCCLUDENTES)
These are regions in which two cells are very tightly connected together, and they will prevent some molecules from passing across an epithelium (Figure 7.1 Tight Junctions) . Found in vertebrate epithelia, tight junctions act as barriers that regulate the movement of water and solutes between epithelial layers. Tight junctions are classified as a paracellular barrier which is defined as not having directional discrimination, however movement is largely dependent upon solute size and charge. There is evidence to suggest that the structures in which solutes pass through are somewhat like pores. Physiological pH plays a part in the selectivity of solutes passing through tight junctions with most tight junctions being slightly selective for cations. Tight junctions present in different types of epithelia are selective for solutes of differing size, charge, and polarity.


Figure 7.1 Tight Junctions 


7.1 Proteins
There have been approximately 40 proteins identified to be involved in tight junctions. These proteins can be classified into four major categories;
· scaffolding proteins
· signalling proteins
·  regulation proteins
·  transmembrane proteins

7.2 Roles of  Tight Junction Proteins
1. Scaffolding Proteins — organise the transmembrane proteins, couple transmembrane proteins to other cytoplasmic proteins as well as to actin filaments.
2. Signalling Proteins — involved in junctions assembly, barrier regulation, and gene transcription.
3. Regulation Proteins — regulate membrane vesicle targeting.
4. Transmembrane Proteins — including junctional adhesion molecule (JAM), occludin, and claudin. It is believed that claudin is the protein molecule responsible for the selective permeability between epithelial layers.















8. PARACELLULAR TRANSPORT
Tight junctions form selective barriers that regulate paracellular transport across epithelia.  A large family of tetraspanning cell-cell adhesion proteins called claudins create the barrier and regulate electrical resistance, size, and ionic charge selectivity. The tight junction (TJ) forms a selective barrier in the paracellular space between epithelial cells, limiting transepithelial movement of ions, solutes, and water. Barrier properties vary among epithelia and are influenced by both physiological and more dramatically by pathophysiological stimuli. Although their basic physiological properties were well described by the early 1970s insight into the molecular basis of paracellular transport has only come in the past few years. Our growing understanding of the barrier and its constituents has helped clarify its contribution to normal and pathological transport and has raised speculation that it could be a target for enhancing transepithelial drug delivery. In this brief review, we focus on the evidence that claudins are responsible for the selective properties of TJs  and consider how the barrier is physiologically regulated. Excellent reviews are available describing the pathophysiology of the TJ, its molecular components ,and its regulation 

8.1 Characteristic of paracellular transport
Paracellular transport through the TJ differs in several key ways from transcellular transport across cell membranes. First, it is exclusively passive, driven by electroosmotic gradients produced either by transcellular transport or by extrinsically produced gradients such as ingestion of a meal. Second, it does not rectify, i.e., it shows identical selectivity and conductance in both the mucosal and serosal directions . Third, although transcellular transport is clearly highly regulated, there remains controversy about the potential for acute physiological regulation of paracellular transport. Variable properties of paracellular transport described among different epithelia include electrical conductance (~105-fold range), charge selectivity (e.g., PNa/PCl ~ 30-fold) , noncharged solute permeability, and size discrimination . By complementing trans-cellular transport, the selective back-leak through the junction contributes to the overall physiological characteristics of each epithelium. In general, so-called “leaky” TJs are found in epithelia that move large volumes of isosmotic fluids, like the intestine. “Tight” TJs are found where high electroosmotic gradients are required, as in the distal tubules and collecting ducts of the kidney. 
























9. INHERITED DISEASES OF TIGHT JUNCTION PROTEINS
Currently, there are seven human diseases known to be caused by mutations in genes encoding tight junction proteins .The basis for ZO-2 and tricellulin-based defects remains unclear, but the phenotypes of several of the recessive claudin mutants provide additional evidence that claudins provide selectivity for the barrier. We describe the claudin-16 defect in some detail because it provides the best evidence that claudins in vivo create ion selective pores.
The first disease-causing claudin mutation was identified through positional cloning of the locus responsible for a rare form of renal magnesium loss, hypomagnesemia hypercalcemia with nephrocalcinosis (HHNC). Patients with this defect show increased urinary loss of Mg++ and Ca++, and reduced plasma Mg++ levels, leading to weakness and seizures. The gene responsible encodes claudin-16 (originally referred to a Paracellin-1). Claudin-16 is highly restricted to the thick ascending limb of the loop of Henle, the segment of the nephron most involved in reabsorbing filtered Mg++. Other claudins are also expressed in the same TJs. Paracellular reabsorption is driven by an intralumenal positive electrical potential with respect to the peritubular interstitium. These observations led to an initial hypothesis that claudin-16 is a Mg++ pore and when absent, Mg++ remains in the tubule and is lost in the urine. When expressed in cultured monolayers, wild-type claudin-16 does form a highly cation-selective pore.Consistent with the electrostatic claudin pore model, the first loop contains many negatively charged residues, and neutralizing mutations reduce cation permeability. Many of the human mutations are missense mutations, which fail to traffic properly to the plasma membrane when expressed in cultured cell models suggesting the defect results from the selective absence of claudin-16, leaving other claudins to define the barrier's ion selectivity. Recently, mutations in the human claudin-19 gene were shown to cause renal Mg++ wasting by a very similar mechanism. In addition, claudin-19 is expressed in the retina and affected individuals have defects in retinal development and vision loss.
The Mg-pore model is probably too simplistic. The intralumenal positive potential driving Mg++ results from a paracellular back diffusion of Na+ down its concentration gradient into the lumen. If Na+ entry is limited in the absence of claudin-16 pores, there would be a reduced electrical gradient to drive Mg++ out. Although this cant be tested in humans, study of isolated perfused nephron segments from claudin-16 KO mice is consistent with a defect in Na+ permeability. Whatever the full explanation, claudin-16 is clearly a cation pore and HHNC remains the best example of a disease caused by an ion-selective TJ defect.
It is tempting to also explain hearing loss in the human claudin-14 mutants as an ion selectivity defect, but the evidence is only circumstantial. Claudin-14 is expressed in TJs lining the intrachoclear space, which contains fluid uniquely high in K+. This high gradient promotes rapid entry of K+ into the outer hair cells; this is required for their depolarization during acoustic mechanotransduction. Other forms of deafness are caused by mutations in the transporters that normally secrete K+ into this space, suggesting that the loss of claudin-14 might cause deafness by allowing the K+ gradient to dissipate. In fact, when claudin-14 is expressed in cultured MDCK cells, the junctions become very tight by specifically restricting cation permeability. Finally, claudin-1 mutation results in neonatal ichthyosis-sclerosing cholangitis syndrome (NISCH), but whether this pathophysiology results from a permeability defect is unclear). Although claudin-1 is very widely expressed among all epithelia, it is difficult to rationalize why patients with these mutations develop predominately a scaling skin disease and obliteration of their bile ducts.










10. CELL JUNCTION MOLECULES
The molecules responsible for creating cell junctions include various cell adhesion molecules. There are four main types: selectins, cadherins, integrins, and the immunoglobulin superfamily. 
Selectins are cell adhesion molecules that play an important role in the initiation of inflammatory processes. The functional capacity of selectin is limited to leukocyte collaborations with vascular endothelium. There are three types of selectins found in humans; L-selectin, P-selectin and E-selectin. L-selectin deals with lymphocytes, monocytes and neutrophils, P-selectin deals with platelets and endothelium and E-selectin deals only with endothelium. They have extracellular regions made up of an amino-terminal lectin domain, attached to a carbohydrate ligand, growth factor-like domain (EGF) and short repeat units (numbered circles) that match the complimentary binding protein domains. 
Cadherins are calcium-dependent adhesion molecules. Cadherins are extremely important in the process of morphogenesis – fetal development. Together with an alpha-betacatenin complex, the cadherin can bind to the microfilaments of the cytoskeleton of the cell. This allows for homophilic cell–cell adhesion. The β-catenin–α-catenin linked complex at the adherens junctions allows for the formation of a dynamic link to the actin cytoskeleton. 
Integrins act as adhesion receptors, transporting signals across the plasma membrane in multiple directions. These molecules are an invaluable part of cellular communication, as a single ligand can be used for many integrins. Unfortunately these molecules still have a long way to go in the ways of research. 
Immunoglobulin superfamily are a group of calcium independent proteins capable of homophilic and heterophilic adhesion. Homophilic adhesion involve the immunoglobulin-like domains on the cell surface binding to the immunoglobulin-like domains on an opposing cell’s surface while heterophilic adhesion refers to the binding of the immunoglobulin-like domains to integrins and carbohydrates instead. 
Cell adhesion is a vital component of the body. Loss of this adhesion effects cell structure, cellular functioning and communication with other cells and the extracellular matrix and can lead to severe health issues and diseases.
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