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Chapter 1a

Structure of desmosomes
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Abstract  

Desmosomes are cell-cell junctions that connect neighboring cells to their intermediate 
filament networks that serve to provide mechanical strength to the tissue. Major 
proteins that compose desmosomes are desmogleins, desmocollins, plakoglobin, 
plakophilins and desmoplakin. Isoforms of desmosomal proteins have different 
distribution in tissues, some of them being more ubiquitous and other being expressed 
only in specific tissues. The importance of desmosomal proteins for sustaining epithelial 
architecture is demonstrated in genetic, autoimmune and infectious human blistering. 
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Introduction and aim  

Importance of desmosomes for the architecture and mechanical strength of epithelial 
tissue is demonstrated in several blistering diseases. Perturbation of a desmosomal 
structure by autoantibodies, toxins or gene mutations can disrupt the architecture and 
strength of the skin and mucous membranes. Therefore proper function of all the 
proteins that are part of the complex desmosomal structure is important for tissue 
integrity. In this chapter we aim at explaining the components of a desmosome and 
their organization into an adhesive structure. 

Desmosomes: cell-cell adhesion structures 

Cell junctions are specialized structures that interconnect neighbouring cells to each 
other (cell-cell junctions) or cells to the matrix (cell-matrix junctions). They can serve as 
strong sealing points involved in tissue barrier (tight junctions), or as mechanical cell 
attachment (adherens junctions, desmosomes and hemidesmosomes) or as 
communication channels (gap junctions). Desmosomes (desmo-bond, soma-body) are 
cell-cell junctions that interconnect intermediate filament networks of neighbouring 
cells and provide strong mechanical strength (Delva et al., 2009). They are abundant in 
stratified epithelium, such as epidermis and epithelium of mucosa, and in heart muscle, 
but are also present in simple epithelium and in non-epithelial cells like meningeal cells 
of the arachnoid and the follicular dendritic cells of lymph follicles (Waschke, 2008).  

Desmosomes can be easily recognized by electron microscopy by their extracellular core 
domain (ECD) and two opposite dense plaques. Within each plaque two zones can be 
distinguished: the outer dense plaque (ODP) and the inner dense plaque (IDP) [Figure 1a 
and b]. Proteins that make distinctive zones of desmosomes are transmembrane 
proteins which belong to cadherin family and cytoplasmic plaque proteins which belong 
to armadillo and plakin family of proteins. Desmosomal cadherins are desmogleins and 
desmocollins, armadillo proteins in desmosomes compromise plakoglobin and 
plakophilins, while main plakin protein in desmosomes is desmoplakin (Delva et al., 
2009; Waschke, 2008; Delva et al., 2008; Garrod and Chidgey, 2008). Other members of 
plakin family such as plectin, periplakin and envoplakin are also found in desmosomes 
(Waschke, 2008). Extracellular domains of desmosomal cadherins compose ECD where 
they mediate adhesion, while their intracellular domains together with plakoglobin and 
plakophilins make ODP. IDP compromises desmoplakin that couples to the intermediate 
filament network [Figure 1c]. Pre-structure of a complete desmosome is so called half 
desmosome which is made of a desmosomal plaque and desmosomal cadherins at one 
side not connected to its opposite part (Demlehner et al., 1995). Half desmosomes and 
desmosomes should be distinguished from hemidesmosomes which are cell- matrix 
junctions.  
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Autoimmune blistering diseases with antibodies against certain desmosomal proteins 
demonstrate the importance of desmosomes for tissue integrity. 

Desmosomal proteins and their isoforms 

Desmosomal cadherins are calcium dependent glycoproteins and are desmogleins 
(Dsgs) and desmocollins (Dscs). They require calcium for binding to their opposites. In 
conditions without calcium half desmosomes will still be formed, but will be soon 
internalized and complete desmosomal structure will not be achieved (Demlehner et al., 
1995). In humans there are four types of Dsgs and three types of Dscs which are 
differently distributed. All Dscs isoforms have two forms: form ‘a’ and shorter form ‘b’, 
which are results of alternative splicing [Figure 1d]. Both Dsgs and Dscs have 
extracellular part consisting of four cadherin repeats (EC1-4) and fifth domain termed 
extracellular anchor (EA), as well as transmembrane domain (TM) located in the plasma 
membrane and intercellular part starting with an intracellular anchor (IA) [Figure 1d]. 
Rest of the intercellular part differs were intercellular cadherin-like sequence (ICS) that 
binds plakoglobin is present in Dsc a form and Dsgs. Dsgs have additional 
intracytoplasmic regions: intercellular proline rich-linker (IPL), variable number of 
repeat unit domain (RUD) and glycine rich desmoglein terminal domain (DTD)(Delva et 
al., 2009; Garrod and Chidgey, 2008). 

Plakoglobin also termed as ƴ-catenin, is an armadillo protein that localizes both to 
desmosomes and to adherens junctions. Plakoglobin contains 12 armadillo repeats 
flanked by distinct amino- and carboxy- terminal domain. In desmosomes plakoglobin 
binds to cytoplasmatic tail of desmosomal cadherins and it is reported that it binds 
desmoplakin (Delva et al., 2009; Garrod and Chidgey, 2008).  

Plakophilins (Pkp) are armadillo proteins that contain 9 armadillo repeats with an insert 
between repeat 5 and 6 that bend the whole structure. There are three isoforms of 
Pkps. Pkps can bind all other desmosomal components and it is shown that they can 
bind intermediate filaments or enhance interactions in the desmosomal plaque (Delva 
et al., 2009; Garrod and Chidgey, 2008). 

Desmoplakin belongs to plakin family proteins and it is a key linker between the 
desmosomal plaque and intermediate filaments. Desmoplakin has two isoforms in 
which globular amino- and carboxy- parts are connected with central ɑ-helical coiled-
coil rod domain. Amino- terminal domain contains binding sites for plakoglobin and Pkp, 
while carboxy- terminal domain contains binding site for intermediate filaments (Delva 
et al., 2009).  

Periplakin, envoplakin and plectin are also found in desmosomes, but it is not clear how 
important they are for the structure and function (Waschke, 2008). 
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Isoforms of desmosomal proteins are differently distributed in human tissues (Harmon 
and Green, 2013). All desmosomes bearing tissues express plakoglobin and 
desmoplakin. Dsg2, Dsc2, Pkp2 are mostly found in simple epithelia. Dsg1 and 3, Dsc1 
and 3 are specific for stratified epithelia. Expression of isoforms of desmosomal proteins 
in the epidermis is cell layer dependent and it is shown in figure 1e and f. Expression of 
Dsg1 decreases from upper towards lower epidermal layers, while Dsg3 is present in the 
basal and suprabasal layers (Mahoney et al., 2006). Dsg4 is found in the upper layers of 
the epidermis and in the hair follicle. Different expression of isoforms of desmosomal 
proteins explains localization of lesions in certain autoimmune blistering diseases. 
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Figure 1. Desmosomal structure, structure of desmosomal cadherins and expression of 
desmosomal proteins in human epidermis. (a) Magnified desmosome and desmosomal distinctive 
zones. (b) Magnified region of epidermis with multiple desmosomes. Yellow box is magnified in 
panel a. (c) Schematic presentation of a complete desmosome. Desmosomal proteins are 
presented in different shapes and colors. Note the organization of desmosomal proteins in ECD, 
ODP and IDP. (d) Structure of desmosomal cadherins: desmoglein and desmocollin ‘a’ and ‘b’ form. 
Desmogleins differ in number of RUD domains. (e) Human skin and epidermal layers. Dotted line 
presents border between dermis and epidermis. Red box is magnified in panel b. (f) Expression of 
isoforms of desmosomal proteins through epidermal layers that are shown in panel e. Dsg: 
desmoglein; Dsc: desmocollin; Pg: plakoglobin; Pkp: plakophilin; Dp: desmoplakin; SB: stratum 
basale; SS: stratum spinosum; SG: stratum granulosum; SC: stratum corneum; D: desmosome; KIF: 
keratin intermediate filaments; ECD: extracellular core domain; ODP: outer dense plaque; IDP: 
inner dense plaque, PM: plasma membrane; EC: extracellular domain; EA: extracellular anchor; IA: 
intracellular anchor; IPL: proline-rich linker; RUD: repeat unit domains; DTD: desmoglein terminal 
domain. Panel a,b and e are electron microscopy images that were taken from a nanotomy 
dataset of normal human skin (Sokol et al., 2015). Bar:1µm 

 


