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Growth-factor-induced hemidesmosome disassembly 

in normal keratinocytes and carcinoma cells 
 

 

Hemidesmosomes: dynamically 

regulated multiprotein adhesive 

structures 

Hemidesmosomes (HDs) are important 

for maintaining epithelial tissue 

integrity by mediating the adhesion of 

basal epithelial cells to the underlying 

basement membrane. HDs are 

multiprotein complexes and any 

defects in their assembly result in a 

blistering disorder, also known as 

Epidermolysis Bullosa (EB) [1-3]. HDs 

are composed of several proteins: the 

integrin α6β4, plectin, Bullous 

Pemphigoid 180 (BP180) and 230 

(BP230), and CD151. One of the first 

steps in HD assembly is the interaction 

between the integrin α6β4 and the 

cytoskeletal linker protein plectin, by 

which a type II HD is formed (Figure 

4). When integrin α6β4, that binds to 

Ln-332 in the basement membrane, 

interacts with plectin, that binds to the 

keratin filament system, a link is 

created that protects the cell against 

mechanical stress. Next, BP180, that 

weakly interacts with Ln-332 and 

Collagen IV in the basement 

membrane, can bind to the 

extracellular domain of α6, to the 

cytoplasmic domain of β4 and to 

plectin. The subsequent recruitment of 

BP230 completes the assembly of a 

type I HD [2-5]. The stability of HDs is 

built on the interaction between the 

integrin β4 subunit and plectin and has 

therefore been the main focus of many 

studies regarding HD assembly over 

the past few years. 

There are circumstances under which 

the stable adhesion of keratinocytes, 

mediated by HDs, has to be prevented. 

During wound healing, the migration 

and proliferation of keratinocytes 

requires the (partial) disassembly of 

HDs. These cellular processes are 

stimulated by the release of growth 

factors such as epidermal growth 

factor (EGF) or macrophage 

stimulating protein (MSP) [6;7]. In 

carcinoma cells, the growth-factor-

induced regulation of the 

(dis)assembly of HDs is often 

disturbed, which facilitates their 

invasion capacity and metastatic 

spread [8]. To prevent these malignant 

transformations, it is important to 

understand the regulation of HD 

disassembly by growth factors in 

normal keratinocytes. In this chapter is 

the contribution and mechanism of the 

growth-factor-induced HD 

(dis)assembly in normal keratinocytes 

and carcinoma cells discussed. Both 

the role of serine/threonine 

phosphorylation events as well as the 

signal pathways regulating the 

interaction between the integrin β4 and 

plectin will be addressed. 
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The role of serine/threonine 

phosphorylation in the 

regulation of hemidesmosome 

disassembly 

To date, several residues on the 

integrin β4 subunit have been 

suggested to play a role in the 

regulation of the interaction between 

β4 and plectin [3;9-11]. Not all of these 

claims were fully supported by all 

investigators, with the exception of the 

phosphorylation of two serine residues, 

S1356 and S1364. Phosphorylation of 

β4 on S1356 and S1364, located in the 

connecting segment (CS) of β4, 

prevents the interaction between β4 

and the plectin ABD, which is the 

primary site of interaction [10]. 

Interestingly, neither of the serine 

residues are part of the region on β4 

that binds to the plectin- ABD. 

Therefore two possible mechanisms 

for S1356 and S1364 phosphorylation-

induced HD disassembly have been 

presented: phosphorylation might 

either induce a conformational change 

of β4 (1), or might lead to the 

recruitment of a third protein (2) [8].  

Firstly, phosphorylation on S1356 and 

S1364 might induce a conformational 

change of β4 in which the connecting 

segment (CS) of β4 phosphorylated on 

S1356 and S1364 folds over the 

plectin-binding site, formed by R1225 

and R1281, on the second FNIII repeat 

of β4 (Figure 1) [12;13]. Both arginine 

residues on β4 are needed to establish 

an interaction between β4 and the 

plectin ABD, as can be concluded from 

crystal structure analysis or missense 

Figure 1. Model of S1356 and S1364 phosphorylation-dependent regulation of HD 

disassembly.  

The primary interaction between β4 and the plectin ABD involves the second FNIII repeat of β4, 

including residues R1225 and R1281W (encircled in green). Phosphorylation of β4 on S1356 and 

S1364 prevents this primary interaction, possibly by inducing a conformational change of β4, in 

which the CS folds over a basic groove formed by R1225 and R1281. 
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mutations, R1225W or R1281W, in 

patients that cause EB [12;14-16]. To 

investigate if the CS, when 

phosphorylated on S1356 and S1364, 

can interact with the second FNIII 

repeat of β4, a fluorescence 

polarization (FP) binding assay was 

performed. A FP binding assay 

monitors changes in the rotational 

speed of a fluorophore, like 5-

caboxytetramethylrodamine (TAMRA), 

after binding to different molecular 

weight moieties. This is recorded by 

variations in fluorescence polarization 

after excitation of TAMRA with linearly 

polarized light. When TAMRA is part of 

a high molecular weight complex, it 

rotates relatively slowly, resulting in the 

emission of highly polarized light after 

excitation. We generated a β4 peptide 

of the CS, including amino acids 1350 

to 1368, to which a TAMRA molecule 

was conjugated (β4
1350-1368

-TAMRA) 

and a β4 peptide of the second FNIII 

repeat, including amino acids 1115 to 

1355 (β4
1115-1355

). No interaction 

between the CS and the second FNIII 

repeat was detected, not even when 

S1356 and S1364 were 

phosphorylated, as the fluorescence 

polarization of the emitted light by 

TAMRA did not decrease after 

increasing the concentration of β4
1115-

1355
 (Figure 2). Additionally increasing 

the reaction time from 4 hours up to 96 

hours did not result in a decrease in 

fluorescence polarization. Even the 

use of other techniques, like the 

Biacore System, did not enable us to 

detect an interaction between the CS 

and the second FNIII repeat of β4. 

Thus, despite many efforts to detect a 

phosphorylation-dependent interaction 

between the CS and the second FNIII 

repeat of β4, no evidence for such an 

intramolecular conformation of β4 has 

yet been found. This suggests that a 

third protein might be involved in the 

Figure 2. The CS of β4 does not interact with the second FNIII repeat in vitro after 

phosphorylation of S1356 and S1364.  

With a polarization assay using TAMRA, no intramolecular interaction of β4 is observed under 

unphosphorylated (black line) or S1356/S1364 phosphorylated (red line) conditions. Both increasing 

the concentration of β4
1115-1350

 peptide or extending the reaction time from 4 hours up to 96 hours 

does not result in a detectable intramolecular interaction of β4 as the polarization of TAMRA does 

not decrease.  
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S1356 and S1364 phosphorylation-

induced HD disassembly.  

Secondly, phosphorylation of β4 on 

S1356 and S1364 might result in the 

recruitment of 14-3-3 proteins, which 

would hinder the binding of the plectin 

ABD to β4. Santoro et al. detected an 

interaction between 14-3-3 proteins 

and β4 after stimulation of 

keratinocytes with MSP [17]. We were 

able to confirm an interaction between 

β4 and 14-3-3 in immunoprecipitation 

assays in COS-7 cells co-expressing 

β4 and 14-3-3σ (Figure 3). However, 

initial experiments indicate that 

mimicking the phosphorylation of β4 on 

S1356 and S1364 does not result in a 

loss of interaction between β4 and 14-

3-3 proteins (data not shown). 

Moreover, using immunoprecipitation 

assays in COS-7 cells co-expressing 

14-3-3δ and β4 truncated proteins, we 

obtained preliminary evidence that the 

interaction between 14-3-3δ and β4 

most likely involves the amino acids 

780 to 1218 on β4 (Figure 3C). 

Although in this fragment of β4, S1114 

is located in a consensus sequence 

(R-X-F-X-Sp-X-M) recognized by 14-3-

3 proteins, no evidence has been 

found that this residue can be 

phosphorylated. In fact, the binding of 

14-3-3 proteins to the region 780-1228 

of β4 appeared not to be dependent on 

the phosphorylation of β4, casting 

doubt on the significance of this 

interaction. Thus we can conclude that 

the interaction between 14-3-3 proteins 

and β4 is not regulated by the 

phosphorylation of β4 on S1356 and 

S1364. More research is needed to 

find the mechanism responsible for the 

S1356 and S1364 phosphorylation-

induced HD disassembly. 

 

Although phosphorylation of β4 on 

S1356 and S1364 prevents the 

interaction between β4 and the plectin 

ABD, it does not result in a complete 

disassembly of HDs [10]. We recently 

discovered a novel phosphorylation-

site, T1736, located in the C-tail of β4. 

Mimicking the phosphorylation of 

T1736 by an aspartic acid resulted in a 

loss of interaction between β4 and the 

plectin plakin domain, which is the 

secondary site of interaction. Only 

when both the primary interaction 

between β4 and plectin ABD and the 

secondary interaction between β4 and 

plectin plakin domain are lost, HD 

disassembly is more complete. This 

involves multiple residues on the 

cytoplasmic domain of β4, including 

S1356, S1364 and T1736 (Figure 4). 

 

The (dis)assembly of HDs is a 

dynamically regulated process and for 

a more complete HD disassembly the 

Figure 3. β4 interacts with 14-3-3σ.  

14-3-3σ is co-immunoprecipitated with β4 

after overexpression of both β4 and 14-3-3σ 

in COS-7 cells. 
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interaction of other proteins with the 

β4-plectin binding sites might be 

required (Figure 4). The plectin-binding 

site might be shielded by a third 

protein, such as F-actin, as the binding 

of β4 and F-actin to the plectin-ABD 

was found to be mutually exclusive 

[18;19]. Additionally, the plectin-ABD 

can bind in a calcium-dependent way 

to calmodulin, thereby preventing the 

interaction between β4 and plectin 

[20]. However, more research is 

needed to identify all the proteins 

involved in the regulation of HD 

disassembly. 

 
Signal pathways involved in the 

regulation of hemidesmosome 

disassembly 

Many studies have shown the 

involvement of the activation of the 

EGF receptor (EGFR) in the 

disassembly of HDs by 

phosphorylation of β4 on S1356, 

S1364 and T1736 [3;9;10;21]. 

Activation of the EGFR in 

keratinocytes has shown to result in 

the phosphorylation of β4 on S1356 

and S1364 by ERK1/2 and p90RSK1/2 

respectively, thereby preventing the 

interaction between β4 and the plectin 

ABD (Figure 4). However, the kinase 

responsible for the phosphorylation of 

β4 on T1736 downstream EGFR 

activation in keratinocytes, has not 

been identified yet. PKD1 is an 

important regulator of keratinocyte 

proliferation and migration and has 

shown to phosphorylate β4 on T1736 

in vitro [22]. However, this required its 

activation and translocation to the 

plasma membrane, events that have 

been described to be mediated by 

DAG. EGFR activation results in the 

production of DAG by the recruitment 

of PLCγ and the subsequent hydrolysis 

of PI(4,5)P2 to DAG and IP3. Under 

these conditions, activation and 

translocation of PKD1 to the plasma 

membrane would not only contribute 

directly to the EGF-induced HD 

disassembly by the phosphorylation of 

β4 on T1736, but would also indirectly 

lead to a sustained activation of the 

MEK/ERK/p90RSK pathway [23-25]. It 

has been shown that PKD1 can 

phosphorylate RIN on S351, thereby 

preventing its interaction with RAF, 

which is mediated by the recruitment of 

14-3-3 proteins [25]. This potentially 

could lead to an increased duration of 

the phosphorylation of β4 on S1356 

and S1364. However, EGFR activation 

was not sufficient to induce activation 

and translocation of PKD1. Thus, in 

keratinocytes, not PKD1, but a 

different, not yet identified, kinase is 

responsible for the phosphorylation of 

β4 on T1736 downstream EGFR 

activation. According to the literature, 

Ca
2+

/calmodulin-dependent protein 

kinases II (CAMKII) are highly 

homologous with PKD1 and can 

recognize the consensus sequence (R-

X-X-Tp) that covers T1736. 

Downstream EGFR activation, IP3 

mediates the release of Ca
2+

 from 

intracellular sources, thereby activating 

CAMKII. Despite the fact that this 

would point towards an important role 

for CAMKII in the regulation of HD 
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disassembly, no such role has yet 

been found. However, it is not unlikely 

that other signal pathways contribute 

to the EGF-induced HD disassembly.  

 

The role of the integrin β4 

subunit in cancer progression 

During tumor progression, the number 

of HDs is reduced, facilitating the 

proliferation and invasion of tumor cells 

[10;26;27]. A recently published paper 

Figure 4. Model of EGF-induced HD disassembly by phosphorylation of β4 on S1356, S1364 

and T1736.  

The interaction between β4 and plectin occurs via two binding-sites: the first and second FNIII 

repeat and part of the CS of β4 interact with the plectin ABD (1) and the C-tail and part of the CS of 

β4 interact with the plectin plakin domain (2). This second site of interaction, which most likely 

requires the proline-rich region between the third and fourth FNIII repeat, is regulated by the 

phosphorylation of the C-tail of β4 on T1736, which can be induced by PKD1 and/or CAMK after 

EGF- or PMA-stimulation of PA-JEB/β4 keratinocytes. Phosphorylation of T1736 by PKD1 requires 

the activation and translocation of PKD1 to the plasma membrane, mediated by DAG. Additionally, 

PKD1 can indirectly regulate the primary site of interaction, by inducing a sustained activation of the 

Raf/MEK/ERK/p90RSK pathway by phosphorylation of Rin. Activation of ERK1/2 results in the 

phosphorylation of the CS of β4 on S1356, whereas activation of p90RSK1/2 results in the 

phosphorylation of β4 on S1364. HD disassembly is even further completed by the intramolecular 

folding of β4 or the binding of a third protein, such as 14-3-3 proteins. Additionally, F-actin or the 

calcium dependent calmodulin could bind to the plectin ABD, thereby preventing the interaction 

between β4 and plectin. 
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by Kashyap et al., showed that 

invasive squamous cell carcinoma 

(SCC) cells have increased levels of 

β4 phosphorylated on S1356, 

compared to cells in carcinoma in situ 

or normal keratinocytes. This 

correlated well with a reduction in the 

number of HDs and an increase in cell 

migration [28]. Interestingly, during 

mitosis, β4 is phosphorylated on 

S1356, suggesting that the metastatic 

potential of invasive SCC cells is 

driven both by increased cell migration 

and proliferation [10;28]. Gefitinib, a 

chemotherapeutic agent used in the 

treatment of certain types of SCC, has 

shown to inhibit phosphorylation of β4 

on S1356, leading to a reduction in cell 

migration by increasing the number of 

HDs. It is important to note that in the 

SCC cells, the phosphorylation of β4 

on S1356 was independent of EGF, 

suggesting that these cells have an 

intrinsic mechanism to activate ERK1/2 

pathways. Interestingly, silencing β4 

reduced cell migration, suggesting that 

migration is stimulated by signal 

pathways directly activated by β4 [28]. 

Previous studies have described a role 

for tyrosine phosphorylation of the 

cytoplasmic domain of β4 in the 

activation of signal pathways involved 

in carcinoma progression [8]. Although 

many conflicting results have been 

presented on the growth-factor 

induced tyrosine phosphorylation, it did 

seem to affect β4 signaling mostly by 

inducing its association with other 

receptors, like ErbB2, EGFR or c-MET, 

or with adaptor proteins such as Shc or 

Shp2 [8;26;27;29-35]. These signaling 

events can subsequently result in the 

hyperactivation of the Akt/PI3K- and 

the Ras/ERK/p90RSK-pathways, 

which have been shown to drive 

uncontrolled cell migration and 

proliferation. This is in contrast with 

normal keratinocytes, in which cell 

migration is most likely controlled by 

PKC, that negatively regulates the 

basal PI3 kinase signaling [10]. Thus in 

carcinoma cells, β4 seems to have 

conflicting functions in cell migration 

and proliferation; β4 can prevent these 

processes by initiating HD assembly, 

but β4 can also stimulate these 

processes by activating tyrosine-

induced signal pathways. More 

research is needed to elucidate the 

complex role of the integrin β4 subunit 

in carcinoma progression. 
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