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DIVISION OF CELL BIOLOGY I

RECEPTORS FOR MATRIX ADHESION

The main objective of our group is to study the mechanisms involved in cell 
adhesion. We are specifi cally interested in understanding the signifi cance of and 
characterizing the interactions that take place between cells and the extracellular 
matrix component laminin in both the epidermis and the glomerulus of the kidney. 
A second line of research involves the outer nuclear membrane protein nesprin-3, 
which binds to the cytoskeletal linker protein plectin, thereby establishing a link 
between the intermediate fi lament system and the nucleus. The physiological roles 
of these proteins and their interaction are studied in model organisms, including 
mice and zebrafi sh.

Integrins and tumor progression The integral components of cellular mediated 
adhesion are the integrin heterodimers, which specify ligation to particular 
extracellular matrix (ECM) proteins and focus signaling responses while connecting 
cytoskeletal structures intracellularly. Outside-in activation of downstream signaling 
events mediated by integrin ligation leads to activation of pathways similar to the 
activated signals initiated by growth factor receptors. During the progression of 
cancer, tumor cells must overcome many implemented points of regulation to 
sustain uninhibited growth, invasion, and survival in new microenvironments in 
tissues. This work aims to investigate if signaling initiated by integrin expression 
leads to enhanced survival of tumor cells during metastasis.
We have identifi ed several breast cancer cell lines that express minimal amounts 
of 1 integrin. Using these cells we have overexpressed 3 1, 5 1 and 6 1, 
known to be expressed during carcinoma progression. Expression of 5 1 leads to 
a morphologic change reminiscent of EMT and altered survival signaling pathways 
via Akt. Using a zebrafi sh embryo metastasis model we were able to demonstrate 
that 5 1 promotes survival of breast tumor cells in the circulation. This is a novel 
model for understanding the rate limiting step of metastasis and should reveal new 
mechanisms of integrin biology involved in metastatic dissemination of tumor cells. 

Kindlins, talin, and integrins Loss-of-function mutations in kindlin-1 cause the 
blistering disorder Kindler syndrome (KS). KS keratinocytes express 1-integrins 
at lower levels than normal keratinocytes, resulting in poor cell adhesion and 
spreading, low numbers of focal adhesions (FAs), and disturbed cytoskeletal 
organization, all of which are restored by kindlin-1 re-expression. Treatment with 
a 1-activating antibody partially rescues the defects, indicating that the integrins 
are functional. Integrin activation depends on binding of an NPxY motif in the 
1-tail by talin, connecting the integrin to the cytoskeleton, whereas the kindlins 

bind a different NPxY motif. To address the regulation of 1 functions by talin and 
the kindlins, we generated 1-mutants defective in talin-binding ( 1Y783A), kindlin-
binding ( 1Y795A), or both ( 1Y783/795A), and stably expressed these in 1-null cells. 
Wild-type 1 induces an EMT-like morphological change characterized by a 1oss of 
cell-cell contacts, cell scattering, increased motility, high RhoA activity, fi bronectin 
fi brillogenesis, and a contractile morphology with multiple protrusions and large 
peripheral FAs. This phenotype is recapitulated by 1Y795A but not by 1Y783A or 
1Y783/795A, indicating that binding to talin but not to kindlin is critical for 1 

functions. However, 1Y795A accumulates in intracellular vesicles and is expressed at 
low levels on the cell surface, which results in reduced numbers of FAs, much like in 
the KS cells. In conclusion, whereas talin is a critical regulator of 1 activity, kindlin 
regulates its cell surface expression.

Regulation of hemidesmosome disassembly by growth factors receptors 
Hemidesmosomes (HDs) are specialized junctional complexes that mediate fi rm 
adhesion of keratinocytes to the underlying basement membrane. Migration of 
keratinocytes requires a regulated and dynamic turnover of HDs. We have previously 
identifi ed three serine residues on the 4 cytoplasmic domain that play a critical 
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Figure 1: Molecular composition of 

hemidesmosomes and focal adhesions

role in the regulation of HD disassembly. However, only two of these residues (S1356 
and S1364) are phosphorylated in keratinocytes after stimulation with either PMA or 
EGF. The PMA- and EGF-stimulated phosphorylation of 4 is mediated by ERK1/2 
and its downstream effector kinase p90RSK1/2. EGF-stimulated phosphorylation 
of 4 increased keratinocyte migration, and reduced the number of stable HDs. 
Mutation of the two serines in 4 to phospho-mimicking aspartic acid decreased 
its interaction with the cytoskeletal linker protein plectin, as well as the strength of 
6 4-mediated adhesion to laminin-332. During mitotic cell rounding, when the 

overall cell substrate area is decreased and the number of HDs is reduced, 4 was 
only phosphorylated on S1356 by a distinct, yet unidentifi ed, kinase. 

Integrin 3 1/CD151 complex The tetraspanin CD151 forms a stable complex with 
integrin 3 1. Using in situ proximity ligation assays we show that both molecules 
are in close juxtaposition in adult glomeruli in vivo. Preliminary data suggests that 
complex formation increases during the course of glomerulogenesis which leads to 
increased podocyte adhesion during differentiation. Indeed we show in vitro that 
wild-type glomerular epithelial cells (GECs) adhere more strongly to laminin-332 
than CD151 knockout GECs or GECs expressing CD151 incapable of binding 3. 
The 3 1/CD151 complex has been described not only to be present at sites of cell-
ECM adhesion, but also to be a component of the large cadherin-catenin complex 
that regulates cell-cell adhesion. Since CD151 knockout mice develop renal failure, 
we studied the role of sustained mechanical stress on GECs in vitro. Preliminary 
data suggests that CD151-positive cells maintain cell-cell contacts better than cells 
lacking CD151 when exposed to sustained low-level fl uid shear stress. Furthermore, 
since the electrical resistance of a confl uent monolayer is a measure of the tightness 
of its cell-cell contacts, experiments have been carried out in which the electrical 
resistance of a growing monolayer of CD151 wild-type or knockout cells was 
monitored. The higher resistance measured in CD151-positive monolayers again 
suggests a role of CD151 in strengthening cell-cell adhesion. Because the infl uence 
of CD151 on cell-cell and cell-matrix adhesions seems to be greatly infl uenced by 
mechanical stress we decided to alter blood pressure and thereby transcapillary 
fi ltration pressure in vivo. We fi rst decreased blood pressure in susceptible CD151 
knock-out FVB mice by blocking the angiotensin converting enzyme, which leads to 
a signifi cantly higher survival rate compared to untreated mice. We then increased 
the blood pressure in resistant C57BL6 mice leading to proteinuria only in the CD151 
knockout group. Using both mouse strains, we are now in the process of identifying 
modifying gene(s) conferring susceptibility or protection to CD151 knockout induced 
kidney failure. 

Nesprin-3 in zebraf ish The nuclear envelope (NE) protein nesprin-3 can establish 
a link between the nucleus and the intermediate fi lament system via its interaction 
with plectin. To defi ne the function of nesprin-3 in vivo, we made use of zebrafi sh as 
a vertebrate model system. In situ hybridization and immunofl uorescence analyses 
showed that nesprin-3 is primarily expressed at the NE of epidermal and skeletal 
muscle cells during zebrafi sh development. Surprisingly, nesprin-3 defi cient 
zebrafi sh do not display an overt abnormal phenotype; they are viable and fertile 
with no defects in embryonic development. However, at the cellular level, these 
zebrafi sh are characterized by a reduced association of keratin fi laments with the 
NE in epidermal cells. Similar to mice, zebrafi sh express two nesprin-3 isoforms: 
nesprin-3  and -3 . In contrast to nesprin-3 , nesprin-3  is only expressed during 
the initial stages of development. This latter isoform lacks seven amino acids in 
its fi rst spectrin repeat which are crucial for plectin binding and recruitment to 
the NE. The seven amino acid motif is highly conserved between species and we 
demonstrated by immunoprecipitation and co-localization studies that two residues 
within this motif are essential for the interaction of nesprin-3  with the plectin 
actin-binding domain (ABD). Furthermore, we show that the binding sites for 
nesprin-3  and 4 on the plectin ABD partially overlap and that these proteins 
might compete with each other for plectin binding.


