Talin: Adherens Junction Protein Is Localized at the
Epidermal-Dermal Interface in Skin
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The interaction between cells of the epidermis and the basal
Jamina is important for the integrity of the skin. Several
hereditary and acquired diseases show changes at the dermal-
epidermal interface due to loss of adhesion between basal cells
and the basement membrane. The structures mediating this
interaction are hemidesmosomes, which have been exten-
sively characterized by biochemical, molecular biologic, and
morphologic techniques. Recently, however, a group of ad-
hesion molecules that are distinct from hemidesmosomes and
that mediate cell-matrix interactions was described in cul-
wred fibroblasts, keratinocytes, and skin. These adhesion
molecules, #1 integrins, have been shown to be present in the

focal adhesion, a cell-matrix contact associated with micro-
filaments rather than intermediate filaments characteristic of
hemidesmosomes. In cultured cells, integrins of the f1 fam-
ily have been shown to be linked by a protein complex to
actin filaments. In this study we describe the localization of
talin, the binding protein for 1 integrins, and vinculin at the
dermal-epidermal interface in skin with immunofluores-
cence and immunoblotting techniques. These data suggest
the presence of a link between the cytoplasmic actin filament
system in basal keratinocytes and the extracellular matrix.
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n addition to desmosomes and hemidesmomes, a second type
of junction, which mediates cell-cell and cell-matrix contact
and is generically called an adherens junction, has been found
in fibroblasts [1-4], cultured keratinocytes [5-8] and other
cultured cells (for reviews see [9,10].

Adherens junctions show differences in electron microscopic
structure [11] and in protein composition [9,10,12] from tight junc-
rions, gap junctions, and desmosomes and are present in two distinct
locations, i.e., at sites of cell-cell and cell-matrix contact. Vinculin, a
protein present in all types of adherens junction whether located at
sites of cell~cell or cell-matrix contact, has recently been localized at
areas of cell-cell and cell-matrix contact in human epidermis [13]
and corneal epithelium [14]. A marked increase of vinculin at the
cpjrhc]ia]—conncctivc tissue interface was revealed by immunofluo-
rescence during the healing process of corneal epithelium [14]. In
this area of epidermal-dermal interface, integrins have also recently
heen localized in human skin [15,16]. Integrins are transmembrane

roteins that associate with the adherens junction plaque [9] and

hemidesmosomes [17]. The extracellular domain o? integrins, de-

nding upon the isoform of the a and f subunits, can bind to
extracellular matrix proteins including fibronectin, vitronectin,
collagen, and laminin (for reviews see [18,19]. In the cytoplasmic
domain, 1 integrin can specifically bind to talin [20].

It has previously been shown that talin also binds to vinculin
[21,22], which then can result in the binding of actin filaments to
these plaques by association with e actinin [23,24]. These biochem-
ial data indicate the structural continuity between actin and the
extracellular matrix involving characteristic proteins as a mechani-
al linkage to transmembrane proteins.
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We now report the presence of talin, a 215-kD protein, at the
epidermal-dermal junction in skin. Talin has been characterized as a
protein of adhesion plaques [25] present only in areas of cell-matrix
interaction and absent from areas of cell-cell contact [26]. We con-
clude that, in addition to proteins assembled in hemidesmosomes,
talin and vinculin are candidates for microfilament-associated cell-
matrix contact in skin.

MATERIALS AND METHODS

Cell Culture Human keratinocytes were obtained from foreskins of
newborn infants and cultured according to methods previously described (51
Human foreskin fibroblasts were initiated into culture according to Sly and
Grubb [27). Cells were grown in Dulbecco’s modified Eagles’s medium
(DMEM) (Biochrom, Berlin, Germany) with the addition of 10% fetal
bovine serum (Biochrom) and passaged every third day. Normal human
keratinocytes and fibrablasts were plated in a density of 5000 cell /cm? on
eight-well tissue culture slides (ICN, Meckenheim, Germany) for immuno-
ﬁuorescencc studies or in 100-mm culture dishes for immunoblot investiga-
tions.

Keratinocytes were grown for 3 d in MCDB 153 (Biochrom) (28] with
essential supplements at 0.1 mM Ca**. To compare the presence of talin and
vinculin dependent on cell-cell contact, keratinocytes were induced to form
cell-cell contact by addition of fresh medium containing 1.1 mM Ca** 3 h
befare further processing.

Immunoblotting The presence of talin and vinculin was investigated in
human foreskin ﬁbl:oblasts. human cultured keratinocytes from foreskin,
and human epidermis from upper thigh. Cultured human keratinocytes and
fibroblasts were incubated with phosphate-buffered saline (PBS), pH 7.5,
containing 5 mM ethylenediaminetetraacetic acid (EDTA) and 5 mM diiso-
propylfluoraphosphate (DFP) for 15 min ac 4°C before being scraped off the
dish with a rubber policeman. Normal human epidermis was obtained by
placing biopsies in hot PBS (95°C) with 2 mM phenylmethylsulfonyl fluo-
ride for 1 min. Epidermis was collected with forceps, minced, and homoge-
nized in Fairbanks' sample buffer [29]. Cells and tissues were dissolved in
Fairbanks’ sample buffer for 10 min at 68°C. Proteins were separated on
1.5-mm~chick 3.5-17% exponential gradient slab gels in 0.2 % w/v so-
dium dodecylsulfate (SDS) and transferred clectrophoretically to PVDEF
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membranes (Biorad, Munich, Germany) [30]. After reduction of nonspecific
binding with 2% protease-free bovine serum albumin (BSA) (ICN) in PBS,
pH 7.5, for 4 h at room temperature, membranes were incubated overnight
at 4°C with monoclonal antibodies against human uterus vinculin, 1:10,000
dilution (Sigma, Munich, Germany) and chicken gizzard talin, 1:2,000 dilu-
tion (Sigma), respectively, in PBS, pH 7.5, containing 2% BSA, and 0.1%
(v/v) Tween 20. Blots were washed with 0.2% Tween 20 in PBS, pH 7.5,
followed by one washing with a buffer containing 2 M urea, 1% (v/v) Triton
X-100, and 0.1 M glycine, pH 8.2, followed by one high-salt wash in 1 M
NaCl in PBS, pH 7.5. Final washes were performed with incubation buffer
without BSA.

Goat-anti-mouse antibodies covalently coupled to horseradish peroxidase
(Biorad) were applied for 90 min at 4°C in a dilution of 1:3000 in PBS, pH
7.5, with 2% BSA. After several washings, bound antibodies were visualized
with chemiluminescence (ECL, Amersham, Braunschweig, Germany) by
exposing the membranes to Kodak XAR film.

Immunofluorescence Samples of skin were rapidly frozen in isopentane
precooled with liquid nitrogen. Cryostat sections of 4-um thickness were
sliced and mounted on ovalbumin-coated glass slides. Normal human kera-
tinocytes and fibroblasts were fixed with 2% formalin for 10 min in PBS, pH
7.5, and permeabilized with 0.2% Triton X-100 in PBS, pH 7.5. Sections
and cells were incubated for 30 min at room temperature with 2% BSA in
PBS, pH 7.5, and overnight with anti-human uterus vinculin antibodies
(Sigma) at 1:4000 dilution and with anti-chicken gizzard talin antibodies
(Sigma) at 1:200 dilution at 4°C. After being washed in PBS, pH 7.5,
containing 0.01% Tween, for 15 min, slides were incubated with rhoda-
mine-labeled goat-anti-mouse IgG (Dianova, Hamburg, Germany) at 1:200
dilution for 30 min at room temperature.

Slides were washed again with PBS, pH 7.5, containing 0.1% Tween for
15 min and mounted in 40% glycerol in PBS, pH 7.5. Cells and sections
were viewed with a Zeiss Axiophot equipped with epifluorescence, photo-
graphed with Kodak TRI-X film, and developed with Ultrafin SF (Tetenal,
Norderstedt, Germany) at 400 ASA.

RESULTS

To evaluate the specific staining of the antibodies for focal adhe-
sions, cultured fibroblasts were incubated with the monoclonal an-
tibodies against vinculin (Fig 14) and talin (Fig 1B). In fibroblasts
these antibodies revealed an intensive longitudinal patchlike stain-
ing at the basal aspect of cells. In this region adherens junctions also
designated as focal adhesions mediate the contact between cell and
matrix [9].

In normal human keratinocytes cultured at reduced calcium con-
centration (0.1 mM) to prevent the formation of intercellular junc-
tions, vinculin could be detected only in areas of cell-matrix contact
(Fig 1C). A higher density of these patches was noted at cell periph-
ery. An identical distribution was found in keratinocytes with anti-
bodies to talin (Fig 1D). To determine whether talin was present
only in adherens junctions at the cell-matrix interface or was also
present in adherens junctions atsites of cell-cell contact, the calcium
concentration in the culture medium was increased to 1.1 mM to
induce the formation of cell-cell junctions. Immunofluorescence
studies revealed that antibodies to talin crossreacted with patchlike
structures only at the basal aspect of the keratinocyte membrane (Fig
1F); staining was not noted at the lateral aspect of the cell membrane
(Fig 1H). In contrast, antibodies to vinculin produced intense stain-
ing at the basal membrane of keratinocytes (Fig 1E) as well as at the
lateral aspects of cell membranes in close contact with neighboring
cells (Fig 1G).

A reduction in staining of vinculin and talin at the basal aspects of
cells was noted at high extracellular calcium concentrations in com-
parison to keratinocytes fixed and stained after maintenance ata low
concentration of calcium.

To study the distribution of talin in comparison to vinculin in
skin, biopsies were obtained from healthy human skin from upper
thigh, and cryostat sections of skin were incubated with antibodies
against vinculin and talin. Antibodies against vinculin produced
intense staining of the cell membrane in areas of cell-ceﬁ contact
and at the dermal-cpidermal interface (Figs 24,3A4). In contrast,
antibodies against talin crossreacted exclusively in a continuous
bandlike pattern at the epidermal-dermal junction (Fig 2B).

At higher magnification, staining for vinculin appeared discon-
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Figure 1. Localization of vinculin and talin in cultured human fibroblast
and normal human keratinocytes. Cells were stained with antibodies tg
vinculin (4,C,E,G) or talin (B,D,F,H) as in Materials and Methods. En fa
view, in A—F the focal planc is at the base of cells at the junction of cell ang
substratum, in G—H the focal planc is higher, at the level of cell-cell contact.
A,B, human fibroblast; C,D, human keratinocytes cultured in reduced cal.
cium concentration (0.1 mM) and E-H, human keratinocytes cultured iy
high calcium concentration (1.1 mM). Arrows, staining in the region of
cell-matrix contact; arrowheads, staining in the region of cell-cell contact.
Bar, 30 ym.

tinuous in areas of cell-cell and cell-matrix contact (Fig 34), con.
sistent with the appearance of junctional structures. Antibodies tq
talin also displayed an interrupted bandlike pattern at the epider.
mal-dermal interface (Fig 3B).

The immunofluorescent findings were confirmed by immung.
blot analysis of the tissue. Skin from upper thigh (Fig 4, lanes 4 ang
10), newborn foreskin (Fig 4, lanes 5 and 11), and arm skin (Fig 4,
lanes 6 and 12) were separated by heat into dermis and epidermis to
avoid contamination of the sample with fibroblasts derived from
dermis. Epidermis was collected and lysed. Epidermal proteins sepa.
rated by SDS gel electrophoresis and transterred to PVDF mem-
branes showed a single band of staining at 130 kD with antibodie
against vinculin (Fig 4, lanes 4-6). This polypeptide band was also
detected in human hbroblasts (Fig 4, lane 1) and in human keratine-
cytes cultured in low (Fig 4, fane 2) or high calcium concentration
(Fig 4, lane 3). Antibodies against talin produced a single polypep-
tide band at 215 kD in human fibroblasts (Fig 4, lane 7) and human
keratinocytes cultured in low (Fig 4, lane 8) or high calcium con-
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pigure 2. Expression of vinculin and talin in skin. Tissue was processed for immunofluorescence microscopy with antibodies to vinculin or talin as in
Materials and Methods. Arrowheads, region of basement membrane staining. A4, vinculin and B, talin. Bar, 25 ym.

centration (Fig 4, lane 9). In electrophoretically separated proteins
of epidermis from upper thigh (Fig 4, lane 10), newborn foreskin
(Fig 4, lane 11) and arm (Fig 4, lane 12), the single band detected by
the antibodies comigrated with the bands detected in fibroblasts and
in cultured human keratinocytes.

DISCUSSION

Antibody to talin recognized a 215-kD polypeptide in an immu-
noblot of human epidermis, and a discontinuous bandlike staining
pattern was visible in the dermal-epidermal junction by immuno-
fluorescence. The distribution of this in vivo staining is consistent
with the data obtained in cell culture. We conclude that the anti-

body against talin specifically stained the epidermal-dermal junc-
tion. Here talin was identified to be present only in patchlike struc-
tures at sites of cell-matrix interaction and was not detectable at sites
of cell-cell contact. It is well known that adherens junctions at sites
of contact with the substratum are distinct in their protein composi-
tion from those at cell-cell contact sites [31,32], although vinculin
[2,5], actin [5,31], and e actinin [26,33] are detected in both sub-
types of adherens junctions. In contrast, E-cadherin [34], plakoglo-
bin [35], and catenin [36] have been reported to be present only at
sites of cell-cell contact. Proteins known to be characteristic for
cell-matrix junctions are integrins [18,19] and talin [32,38]. Inte-
grins have been located at the dermal-epidermal junction [17]. Al-
though a6f34 integrin was detected in hemidesmosomes and colo-

figure 3. Expression of vinculin and talin in epithelium at higher magnification. Tissue was processed for i}nnm_noﬂuoresccnm‘ microscopy with antlbodlcs
wvinculin or talin as in Materials and Methods. Arrowheads, region of basement membrane staining (4) for vinculin or (B) for talin. An interrupted band-like

jaining is noted in the region of the basement membrane zone. Bar, 20 um.
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Figure 4. Demonstration of vinculin and ealin in cells or epithelium by
western blotting. Cell and tissue lysates were prepared as in Materials and
Metheds. Extracts of human fibroblasts (lanes 1 and 7), human keratinocytes at
low calcium (0.1 mM) (lanes 2 and 8), and high-calcinm medium (1.1 mM)
(lanes 3 and 9) and skin from upper chigh (lanes 4 and 10), newborn foreskin
(lanes 5 and 11), and arm (lanes 6 and 12) were separated by SDS polyacryl-
amide gel electrophoresis, transferred to PVDF membrane, and probed with
antibodies to vinculin (lanes 1-6) and talin (lanes 7—-12). Numbers at left
indicate molecular weight standards in kD.

calized with the bullous pemphigoid antigen, a2f1 and a3f1
integrins were found to be adjacent to these structures. In a previous
study, integrins 21 and a3ff1 were identified in focal adhesions
[16). Talin transmits the interaction of microfilaments to integrins,
and is regarded to be responsible for the immobilization of 1 inte-
grins in defined areas of the cell membrane’s lipid bilayer. In bio-
chemical assays talin shows low but specific binding afhnity to 1
integrins [20]. The native heterodimeric form of integrin, consist-
ing of & and B subunits, is required for talin~to-integrin binding
[39]. Binding can be competitively inhibited with a 10 -amino-acid
synthetic ‘pcptidc corresponding to a sequence in the cytoplasmic
domain of the 1 subunit [40].

Another protein localized in adhesion plaques on the cytoplasmic
site and known to bind to talin is vinculin. Talin has been found to
bind to vinculin by different biochemical methods including gel
filtration, co-immunoprecipitation, sucrose density gradient cen-
trifugation, and a gel-overlay method [20,21,41,42], although the
interaction is of only moderate affinity [41]. The binding site for
talin to vinculin was determined by transfection experiments to be
limited to amino acids 167 =207 on the 90-kD subunit of vinculin
and may be regulated by the remaining 30-kD vinculin-fragment,
because the binding of the truncated 90-kD protein to talin is three
times greater than that of the incact protein.

The further link of the integrin-talin-vinculin complex to the
microfilament cytoskeleton was thought to result from the direct
interaction between actin and vinculin, but this is currently under
renewed discussion (see [43] for review). However, a-actinin has
been shown to bind to vinculin as well as to actin, but may also form
a direct link beween integrins and actin [44]. It thus represents a
potential link between the microfilament cytoskeleton and the ex-
tracellular matrix [21,42] and may be a component, responsible for
the integrity of adherens junctions at the cell-matrix interface.
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The results presented in this study support the presence of adher-
ens junctions at the dermal-epidermal interface in addition to hemi-
desmosomes. It is therefore likely that, along with intermediate
filaments, microfilaments participate in mediating cell-matrix con-
tact in skin. The significance of such a microfilament-associated
cell-matrix connection is far from being understood, but proteins
such as protein kinase C involved in cell signaling have been found
in these junctional complexes [45]. Thus, a role for these structures
in cell signaling is probable, because the presence of integrin-asso-
ciated cell-matrix contact has been found to be a signal for cell
differentiation, and because the phosphorylation of integrin leads to
the dissociation of the integrin talin complex [38}, suggesting thar
this may be an early event in modulating the strength of the cell-
matrix interaction.
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