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Abstract 

In the placental villus, cells attach to basement membrane via integrin α6β4 and adhere 

both laterally and apically to their neighbours.   The most prominent adhesive specialisation 

seen in the electron microscope is the desmosome, which connects cytotrophoblast cells 

(CTB) laterally and also contributes to the attachment of CTB to the overlying syncytium.  

However, numerous cadherins and other junctional proteins are also present in the 

corresponding plasma membrane domains, indicating a multiplicity of adhesive interactions.  

Integrins, tight junction components and cadherins are all found in the syncytial microvillous 

membrane, perhaps reflecting its ability to form intersyncytial bridges.  There is a wide gulf 

to be filled between molecular anatomy and functional studies, with much to be learned 

about the role of adhesion molecules in regulating villous epithelial integrity, homeostasis 

and growth.    
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1. Introduction 

Villous cytotrophoblasts (CTB) are committed progenitor cells that occupy a niche 

between the syncytiotrophoblast (STB) and the villous basement membrane [1].  In early 

gestation they form an almost continuous monolayer (Figure 1a, 2b). With advancing villous 

development, as the density of CTB progenitor cells declines, there is a change in which 

lateral CTB-CTB adhesion is replaced by CTB-STB adhesion [1].   In addition, sites are seen 

at which syncytial microvillous membranes (MVMs; Figure 1) make adhesive contact (Figure 

2a), thus bridging the intervillous space [2, 3].  Formation of such bridges increases during 

gestation [4], and may stabilise the placenta (Figure 1b).  At term, villous CTB maintain 

contact with one another by extending long processes laterally across the basement 

membrane [5].  Thus adhesive contacts are required with the basement membrane, 

overlying STB and, to a varying extent, adjacent CTB [1].  In addition adhesion occurs to a 

fibrinoid repair matrix that appears at sites of damage to the epithelium[6].   

 

Early morphological studies of the placenta indicated the presence of adhesive 

structures sufficiently large in size to be recognisable by transmission or freeze fracture 

electron microscopy.  These junctional specialisations have been described as zonulae and 

maculae occludentes and maculae adherents [3].  Thus while trophoblast probably engages 

in a diverse range of intercellular adhesive contacts, they have not been well characterised 

in relation to the presence of adhesion molecules. Functional studies are scanty, largely 

because in vitro culture systems have failed to reconstitute the polarised intercellular 

interactions of the placental tissue environment.  In the present review we summarise 

current knowledge of adhesion systems in normal villous trophoblast.   

 

 2. Integrins and adhesion to extracellular matrix  

Increasingly, as gestation progresses, STB adheres directly to the basement 

membrane (Figure 1b).  This provides adhesive and structural support for the trophoblast 
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epithelium throughout gestation. It contains collagen IV, heparan sulphate proteoglycan and 

several laminin isoforms: 511, 521 and 411, with lesser amounts of 411, 211 and 221 [7].   

Integrin α6β4 is present at the basal surface of CTB throughout pregnancy [8, 9] and also at 

the basal syncytial surface.  Integrin α6β4 binds laminins 511 and 521 [10] and this 

interaction is likely to be important in stabilising trophoblast adhesion.  Basal adhesion of 

trophoblast is likely to regulate cell polarity, impacting on transport and barrier functions, as 

well as controlling cellular differentiation into fusogenic derivatives.   

 In addition to mediating adhesion, integrin α6β4 occupancy can confer resistance to 

apoptotic stimuli by Rac-Pak1 signalling, leading to activation of NF-κB [11].   Signalling 

through α6β4 can activate the protein tyrosine phosphatase SHP-2, in turn activating the 

phosphatidylinositol 3-kinase/Akt pathway [12, 13], which is important in CTB proliferation 

in the placental villus [14, 15]. 

   It is remarkable that integrins of the β1 family appear not to be expressed in first 

trimester villous CTB, perhaps the only nucleated cell not to bear β1.  The subunit appears, 

initially weakly, in the second trimester along with potential partner chains, especially α3 

[8].  In the second and third trimester, integrins of the β1 family probably contribute to 

adhesion of the villous trophoblast to ligands including laminin and collagen IV in the 

basement membrane.  Adhesion and repair of trophoblast at sites of damage with local 

fibrinoid deposition may require a distinct repertoire of integrins but this has not been 

characterised. 

The tetraspanin CD151, which associates with integrins α6β4 and α3β1, is highly 

expressed in villous tissue [16] at the CTB cell surface and on the apical synctial MVM.   It 

can regulate the motility of cells on laminin as well as integrin internalisation kinetics [17].  

Another member of the family, tetraspanin 6, is highly expressed in term villous trophoblast, 

with lower levels in first trimester [16].      

Integrin α5β1 is upregulated in primary cultured CTB, suggesting gene suppression in 

the villous environment.  Cell culture studies have shown that integrin β1 in trophoblast has 
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a higher than expected molecular mass due to the presence of additional, or longer, 

polylactosamine chains [18].  A surprising finding is the presence of substantial amounts of 

β1 integrin in the syncytial MVM at term, with partner subunits α3, α5 and αIIb [8, 19]. 

Since there is no adhesion of this surface to extracellular matrix or another cell type, 

another explanation must be sought.  One possibility could be that integrins are involved in 

the formation of syncytial bridges.  Another is their possible involvement in a membrane 

complex with an additional function in the syncytium – for example, association with the 

amino acid transporter subunit CD98 has been demonstrated, and this in turn interacts with 

CD147/basigin/EMMPRIN, an MMP activator.  A further possibility is that integrins are used 

in some way by phagocytes active in the sequestration of membrane-bounded particulate 

material, which is known to be shed in large quantities from the MVM into the maternal 

circulation [20, 21]. The αIIb subunit has been identified as a substrate for cross-linking by 

tissue transglutaminase (tTG), which is hypothesised to process membrane proteins into 

aggregates for shedding [21].  A final hypothesis is that the syncytial MVM is a kind of ‘sink’ 

for superfluous membrane material arising following fusion of CTB.   

  Integrin αv and β3 subunits are found in the MVM, and the complex αvβ3 retains 

binding affinity for the plasma protein vitronectin and RGD peptides [22]. Another αvβ3 

ligand, osteopontin, is expressed by both CTB and STB [13, 22].  The αv subunit is a 

substrate for tTG action [21].  αv is associated with all CTB surfaces and the basal STB 

surface [16].  Another αv partner subunit, β5, is prominently expressed in first trimester 

tissue at trophoblast cell surfaces but not including the basal membrane; by term it is 

confined to CTB [16, 23].   

 

3. Cadherins, protocadherins and catenins 

Overview  

 The cadherin superfamily is highly diverse, with more than 100 different members. 

They are transmembrane glycoproteins that share cadherin sequence repeats of about 110 
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amino acids. They mediate cell-cell interaction by calcium-dependent homotypic or 

heterotypic binding.  Several subgroups have been defined: the classical (type I) and closely 

related type II cadherins, desmosomal cadherins, and protocadherins. Classical cadherins 

mostly mediate homotypic adhesions between adjacent cells and the cytoplasmic domain of 

classical cadherins interacts directly with p120 catenin and β-catenin. β-catenin in turn binds 

α-catenin, which may link the complex to the actin cytoskeleton both directly through 

interaction with actin filaments and indirectly through the actin-binding proteins vinculin, 

zonula occludens-1 (ZO-1), α-actinin and afadin [24]. Other actin-associated proteins such 

as Rho-family GTPases, Vasp, Arp2/3 and spectrin have been shown to localize at adherens 

junctions, and p120-catenin regulates cell motility through the actin cytoskeleton by 

interacting with Rho family GTPases.  β-catenin signalling is important in the Wnt pathway, 

which is required for trophoblast differentiation [24].  Moreover, α, β and p120-catenin 

levels decline in vitro as CTB fuse, consistent with the declining area of cell interfaces [25].  

Amongst nonclassical cadherins, cadherin 11 is expressed in syncytiotrophoblast.  Its 

overexpression in JEG choriocarcinoma cells increases both multinucleation and 

differentiation, as monitored by expression of chorionic gonadotrophin (CG) β subunit [26].  

Cadherin 6 (K-cadherin) is present in first trimester villous STB, but is absent from CTB 

[16]. 

The protocadherin family contains genes with a very large number of exons encoding 

“variable” extracellular domains, and three exons encoding “constant” intracellular domains; 

combinations of extracellular and intracellular domains could be assembled potentially to 

generate thousands of different protocadherins.  There is little available information relating 

to localization or function of this family in placenta, but mRNA encoding numerous members 

is retrievable from tissue and there is tentative immunochemical evidence for the presence 

of protocadherins 11, 19, α12 and α13 in villous trophoblast.  Protocadherins α12 and α13 

are described at the CTB-STB interface as well as in stromal and endothelial cells, while 

protocadherin 9 immunoreactivity is seen at the syncytial microvillous membrane [16].     
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Classical cadherins 

E-cadherin (cadherin-1), normally found connecting neighbouring epithelial cells, 

occurs at CTB-CTB and CTB-STB interfaces in the villus [27-29].  Its distribution appears 

fairly even at the light microscopic level and there are no ultrastructurally prominent 

adherens-type specialisations at either interface other than desmosomes, though slight 

thickenings are visible of the lateral and apical CTB plasma membranes (Figure 2b). 

Although the significance of these thickenings is unclear, they may represent sites of 

adhesion molecule clustering.  E-cadherin is also seen, albeit at a much lower level, in the 

syncytial MVM, where it has been shown to mediate binding of the pathogen Listeria 

monocytogenes [30].    

N-cadherin (cadherin-2) and R-cadherin (cadherin-4) are absent from placenta but P-

cadherin (cadherin-3) is so called because it was originally identified from mouse placental 

cDNA.  Early reports specified low expression in human placenta [31], although P-cadherin is 

detectable where trophoblasts adjoin (CTB-CTB and CTB-STB) in the first trimester villus 

[16], with some immunoreactivity still detectable at term [32].  VE-cad (cadherin-5) has a 

similar distribution [16].  Curiously, both molecules appear also at the basal syncytial 

plasma membrane at term; this is not always the case [28] and it is possible that this 

observation reflects the presence of thin lateral extensions from sparse CTB cell bodies that 

appear more prominent in thick sections viewed by fluorescence microscopy, and may 

engage in adhesions with syncytium or one another [5], but this requires further 

investigation.  Localisation of both these cadherins is consistent with a functional role in 

trophoblast adhesion.   

 

Desmosomes 

Desmosomes are found at CTB-CTB as well as CTB-STB interfaces [33] (Figure 2b).  

In addition they are seen at syncytial bridges [3], and remnants of membranes bearing 
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desmosomes have been described at the MVM border [34, 35].  In villous trophoblast, fine 

bundles of cytoplasmic intermediate filaments are evident at desmosomes (Figure 3a).   

Intermediate filament expression is from the cytokeratin family, with abundant keratins 7, 8, 

18 and 19 and lower quantities of keratins 13 and 17 [16, 36].   

Desmosomal plasma membrane proteins (desmocollins and desmogleins) are 

members of the cadherin superfamily but have cytoplasmic regions that differ from the 

classical cadherins, allowing the recruitment of plakoglobin (γ-catenin), desmoplakin, and 

plakophilin (but not β-catenin) that form links to the intermediate filament cytoskeleton. 

There are three subtypes of desmocollins and desmogleins, which are expressed in a tissue- 

and differentiation-specific manner. Desmosomal cadherins form heterotypic interactions, in 

contrast to the homotypic interactions of classical cadherins. Desmosomal cadherins can 

initiate and maintain cell–cell adhesion in the absence of classical cadherins, but adherens 

junctions containing classical cadherins are generally assembled before desmosomes in 

development. Desmogleins 2 and 3 are expressed at CTB-CTB and CTB-STB interfaces and, 

interestingly, can also be found at the syncytial microvillous border where only desmosome 

remnants have been observed [16]. mRNA encoding desmocollins 2 and 3 has been 

detected in human placenta [37]. 

Antibodies to desmoplakin I/II, a protein associated with the desmosomal dense 

plaque, are widely used to locate trophoblast-trophoblast interfaces in vivo [38] and in vitro 

[39]; the typically linear punctate distribution provides good evidence for unfused cell 

borders.  Plakoglobin, also known as desmoplakin III, which can associate with cadherin-

catenin complexes as well as desmosomes, shows a similar distribution in the villus. Related 

immunoreactivity is also seen at the syncytial microvillous membrane [16].   Other plakin 

protein family members whose mRNA has been detected in placenta include plectin 1 and 

dystonin 1 (BPAG1); however their distribution has not been mapped.  Similarly, mRNAs 

encoding the desmosomal plaque proteins plakophilins 1-4 are all present in placental 

libraries. 
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4. Nectins  

Nectins are calcium-independent transmembrane immunoglobulin-like cell-cell 

adhesion molecules which associate with cadherins to form adherens junctions (AJs) in 

epithelial cells and fibroblasts [40, 41].  Nectin-1 and -3 most strongly trans-interact, 

mediating cell-cell adhesion. Afadin, which is recruited to the catenin/cadherin complex, is 

an actin filament-binding protein that connects nectin to the cytoskeleton.  Nectin 3, which 

binds nectin 1, is found in villous trophoblast [16].   Nectin 4 also binds nectin 1 and is 

expressed in human placenta [42] but reports suggest it is expressed by endothelial cells 

and not trophoblast.  

 

5. Tight junction proteins 

Tight junctions (TJ) or zonulae occludentes, which regulate the paracellular pathway 

for the movement of ions and solutes, contain the transmembrane proteins occludin and 

claudin, and the cytoplasmic scaffolding proteins ZO-1, -2, and -3 which link to the actin 

cytoskeleton.  ZO-1 is peripheral to the tight junction and can also associate with adherens 

junctions.  It is by no means clear why such junctions are required in the placenta, where a 

continuous syncytium regulates solute transfer between maternal and fetal tissues (Figure 

1). Nonetheless, immunoreactive TJ proteins including occludin and ZO-1 are present at 

CTB-CTB interfaces, CTB-STB interfaces and in the syncytial MVM [43, 44].  TEM studies 

demonstrate the presence of TJ-like structures at syncytial bridges [3], (Figure 3b).  Claudin 

1 marks prominently the lateral interfaces between CTB, and those between CTB and STB in 

the first trimester [16].  Claudin 3 immunoreactivity is seen in trophoblast, while claudin 4 is 

found in the syncytial microvillous membrane and villous CTB in first trimester and term 

tissue [16].  Occludin but not ZO-1 is found in first trimester villous trophoblast populations 

[45].  Continuous staining suggests true tight junctions are not present.   
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6. Gap junctions  

Gap junctions contain transmembrane channels composed of connexin (Cx) 

dodecamers that mediate cell-to-cell communication via the diffusion of small signalling 

molecules such as cAMP, cGMP, inositol triphosphate (IP3) and Ca2+.  Connexin 43 is present 

at the CTB-STB interface where immunochemical visualization reveals a punctate array 

consistent with the presence of gap junctions.  The same connexin is also present at CTB-

CTB interfaces [46].  In early villous tissue there is evidence for connexin 40 [43].  Altered 

trophoblast structure and function in connexin-deficient mice [37], and in vitro evidence 

(see section 9) suggest the likelihood that gap junctional communication may be a 

prerequisite of villous trophoblast differentiation.  

 

7. Ephrins 

Ephrins are ligands for Eph receptors, which constitute the largest subfamily of receptor 

tyrosine kinases.  These receptors bind membrane-associated ephrin ligands on neighboring 

cells and mediate short-range cell-to-cell communication [47].  Ephrin A2 shows widespread 

expression in all placental cells including trophoblast [16].  Ephrin B2 is found in first 

trimester villous trophoblast but by term its expression is confined to vascular endothelium.  

Its receptor Eph B4 is prominent in the first trimester syncytial MVM, with reduced amounts 

evident at term [48]. 

 

 8. Glycan-based adhesion   

Siglec-6 is a member of a family of sialic acid-binding lectins [49], one ligand for 

which is sialyl Tn (Neu5Acα2,6-GalNAcα-).  The role of siglecs appears to be in negative 

regulation of cellular signalling.  Siglec-6 immunolocalises to the syncytial MVM in human 

term placenta [50].  Though lectin histochemistry has suggested that human term placenta 

has rather low levels of terminal α2,6-linked sialic acid, showing more α2,3-linkages [51], 

trophoblast (including the extravillous population) does contain glycoproteins with siglec-6 
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recognition capacity.  Siglec-6 also binds leptin [50]; thus, the siglec-6 binding site in villous 

trophoblast may be occupied by cis-ligands. 

 Trophinin, a novel cell surface-associated glycoprotein with mucin-like properties 

mediates homotypic adhesion of trophoblast to endometrial epithelial cells during 

implantation [52, 53].  Tropinin forms a heterotrimeric complex with tastin, a cytoplasmic 

protein, and bystin, a cytoplasmic bridging protein.  Immunohistochemical studies have 

shown that trophinin and bystin are expressed in the cytoplasm of villous STB and in 

decidual cells at the utero-placental interface at 6 weeks gestation, whereas tastin is 

expressed on the apical side of STB.  At 10 weeks, trophinin and bystin expression was 

maintained in villous CTB, but tastin expression could not be detected.  Beyond this time, 

expression of all three proteins decreased and disappeared from placental villi. 

Ligation of trophinin leads to tyrosine phosphorylation and actin reorganisation in 

trophoblast.  Following trophinin-mediated cell adhesion, bystin is released from trophinin, 

allowing the activation of ErbB4 protein tyrosine kinase, which promotes trophoblast 

proliferation and motility [53, 54]. 

 

9. Fusion during trophoblast differentiation  

In one phase of the life cycle of villous trophoblast there is stable CTB-STB adhesion while, 

at a later stage, fusion occurs between a CTB and the overlying syncytium [55] (Figure 4a).  

In vitro, primary term CTB leave the cell cycle, differentiate and fuse within 3 days, 

indicating that enzymatic dissociation of normal trophoblasts produces an immediate step 

change in state with uncontrolled progression to terminal differentiation [56].  Gap 

junctional communication seems to be important in trophoblast fusion, which is impaired in 

primary CTB after Cx43 knockdown [46].  Other suggested membrane components 

implicated in fusion are syncytins, ADAMs (a disintegrin and metalloproteases), exposed 

annexin A5 and exposed (flipped) phosphatidylserine [55].   Syncytins are envelope (env) 

glycoproteins originating from viral sequences incorporated into the human genome.  The 
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knockdown of HERV-W env glycoprotein, encoding the endogenous retroviral envelope 

glycoprotein syncytin 1, reduces fusion of primary CTB in vitro [57], and ectopic expression 

of either HERV-W or HERV-HRD (syncytin 2) can promote fusion [58, 59].  Cadherin 11 

similarly increases fusion in a trophoblast cell line [26]. ADAM genes encode type-1 

transmembrane proteins with a unique domain structure composed of a signal sequence and 

domains including prometalloprotease, disintegrin, cysteine-rich, EGF-like, transmembrane 

and cytoplasmic. Over 30 ADAM family members have been identified [60]. ADAM17, also 

known as tumour necrosis factor-α converting enzyme (TACE), is a protease required for 

shedding active TNF-α from the cell surface by cleaving pro-TNF-α. ADAM17 is localized at 

CTB-CTB and CTB-STB interfaces in first trimester placental villi.  Some immunoreactivity is 

also found at the syncytial MVM [16].  At term these deposits remain and the basal syncytial 

surface also appears immunoreactive. ADAMTSL4, a disintegrin and metalloproteinase with 

thrombospondin motifs, is a protein with seven thrombospondin type 1 repeats, strongly 

immunoreactive in first trimester syncytium and associated with syncytial knots at term 

[16].  ADAM12 mRNA is highly represented in placental cDNA libraries. The protein has been 

proposed as a mediator of fusion [55].  It has been shown to compensate for the dystrophin 

deficiency in mdx mice by redistribution of components of muscle cell-adhesion complexes 

[61]. It has also been found in giant cell tumours of bone formed by the fusion of 

mononuclear stromal cells [62].  

 

10. Conclusion 

Cell contact, and the signalling events that follow, together play a profound role in the 

maintenance of epithelial integrity and control of cell growth and fusion in the villous 

environment. A better understanding of the role of intercellular adhesion in trophoblast 

function will depend on the development of approaches that avoid destroying the 

intercellular contacts upon which cell behaviour critically depends.  Explant cultures in which 
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direct mRNA or protein targeting can be used with preservation of intercellular relationships 

offer promise for the future. 
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Figure legends 

Figure 1:  Semithin 0.5µm sections of human placenta. a) First trimester villus showing a 

continuous layer of CTB underlying the syncytium. Note the cell undergoing mitosis 

indicating CTB proliferation (*). Capillaries and a light extracellular matrix occupy the 

stroma.  b) At term, CTB cells (c) are sparse and the STB has thinned over the 

capillaries to maximise diffusion of gases. Cell adhesion is required between CTB 

(arrowheads), CTB and STB (double arrows), basal lamina and trophoblast basal 

plasma membrane (arrow).  Toluidine blue. 

 

Figure 2: a) Bridge formed between two term villi, showing alkaline phosphatase activity 

between the two apposing membranes.  b)  Desmosomes (D) between CTB cells and 

CTB and STB in first trimester placenta. Dense thickenings towards the apical 

surfaces of the CTB cells can be seen - see insets for enlargements. Insets - a 

thickening (small arrows) of the apical plasma membrane adjoining the desmosome 

is also present. 

 

Figure 3: a) High power micrograph of desmosomes (D) between term CTB- and STB 

showing intermediate filaments (IF) extending out from the junction.  b) Second 

trimester placenta, 18 weeks gestation.  A tight junction-like structure (TJ) can be 

seen on the apical surface of the STB, together with the remnants of a desmosome 

(D) and focal densities (FD) that may represent remnants of former desmosomes. 

 

Figure 4:  Term CTB fusing with the syncytium, shown by alkaline phosphatase activity of 

the membranes.  The point from which fusion is progressing can clearly be seen 

(arrow).   


