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Human p120°t" Catenin: Tissue-Specific Expression
of Isoforms and Molecular Interactions
With BP180/Type XVII Collagen
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Abstract Catenins, a family of structurally related proteins, are involved in epidermal keratinocyte cell-cell
adhesion by interacting through their central Armadillo repeats with the intracellular domains of cadherins, transmem-
brane components of the adhesion junctions. p120%" is a catenin expressed in different isoforms due to alternative
splicing and multiple translation start sites. BP180 is a collagenous transmembrane protein (type XVII collagen) localized
to hemidesmosomal attachment complexes in basal keratinocytes. In this study, we have delineated the molecular
interaction between these two proteins utilizing the yeast two-hybrid system, which was confirmed by an in vitro
protein-protein interaction assay. Specifically, it was shown that an amino-terminal segment of BP180 (aa. 13-25)
contains the information necessary for binding to p120%" isoforms 1-3, but not to the isoform 4, suggesting that the
interacting domain is located immediately upstream from the Armadillo repeats and is encoded by exons 5 and 6, which
are subject to alternative splicing only in a minority of transcripts. In addition to epidermal keratinocytes, p120°ct" was
shown to be expressed in a variety of adult and fetal tissues as well as in a number of human tumors. The expression
pattern of various p120¢™ transcripts, reflecting alternative splicing of the 5’ exons, was strikingly similar between the
corresponding adult and fetal tissues, while the expression patterns were discordant between certain tumors and their
normal parental tissues, suggesting a functional role for the tissue-specific expression of the p120°" isoforms. Finally, the
tissue-specific expression of BP180 was shown to partially overlap with that of p120¢t", suggesting that the interaction of
these two proteins may contribute to the modulation of cell-cell/matrix interactions in such tissues. J. Cell. Biochem.
73:390-399, 1999.  © 1999 Wiley-Liss, Inc.
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p120¢t", a 120-kD protein, was initially identi-
fied as a substrate for phosphorylation during
Src transformation of cells [Reynolds et al.,
1989]. This protein has been previously re-
ferred to as p120, p120°s, and CAS, but it was
recently proposed to be named p120°", reflect-
ing its binding as a catenin to E-cadherin
[Keirsebilck et al., 1998]. Subsequently, p120¢t"
was shown to be part of a complex consisting of
cadherins, a-catenin, B-catenin, and plakoglo-
bin [Reynolds et al., 1996; Staddon et al., 1995;
Yap et al., 1998], and p120<" was specifically

Grant sponsor: NIH; Grant number: P01-AR38923.

*Correspondence to: Sirpa Aho, Department of Dermatol-
ogy and Cutaneous Biology, Jefferson Medical College, 233
S. 10t Street, Suite 450 BLSB, Philadelphia, PA 19107.
E-mail: ahol@mail.tju.edu

Received 4 November 1998; Accepted 21 December 1998

© 1999 Wiley-Liss, Inc.

shown to bind to the cytoplasmic domain of
E-cadherin [Daniel and Reynolds, 1995; Rey-
nolds et al., 1994; Shibamoto et al., 1995].
pl20<tn, B-catenin, plakoglobin, and several re-
cently characterized proteins belong to the fam-
ily of Armadillo (Arm) proteins [Peifer et al.,
1994]. Recent studies, using the yeast two-
hybrid system, have confirmed the direct inter-
action between p120°™" and E-cadherin and have
revealed that the Arm repeats 1 to 10 are neces-
sary and sufficient for this interaction [Daniel
and Reynolds, 1995].

The heterogeneous expression of p120°¢t" iso-
forms has been detected in human tumor cell
lines, as well as in various murine cell lines [Mo
and Reynolds, 1996]. Four of the human iso-
forms, designated 1-4, reflect differential utili-
zation of a translation initiation codon due to
their availability as a result of differential splic-
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ing of the 5’-exons 1 to 6. In addition, further
isoforms, designated A, B, and C, are derived
from combination of alternatively spliced exons
at the 3’ end of the open reading frame. No
alternative splicing modifying the Armadillo
repeats has been discovered, further attesting
the functional importance of this region [Keirse-
bilck et al., 1998]. p120°t" also serves as a sub-
strate for tyrosine kinases, and it forms a com-
plex with a cytoplasmic kinase FER [Kim and
Wong, 1995]. Only the longest isoforms of p120°t
were able to interact with FER, suggesting that
the amino termini of the longer isoforms con-
tain the sequence that is required for associa-
tion with FER.

Multiple functions and subcellular localiza-
tions have been reported for various catenins.
For example, B-catenin regulates gene expres-
sion by direct interaction with transcription
factors, such as LEF-1 in the nucleus, providing
a molecular mechanism for the transmission of
signals from cell-adhesion components or from
wnt protein to the nucleus [Behrens et al.,
1996]. On the other hand, y-catenin/plakoglo-
bin interacts with desmoplakin within desmo-
somal structures and forms adhesion com-
plexes with cadherins [Kowalczyk et al., 1997;
Palka and Green, 1997], but nuclear localiza-
tion has also been revealed [Simcha et al., 1998].

The cutaneous basement membrane zone at
the dermal-epidermal junction consists of a
number of adhesion structures, called hemides-
mosomes, which are necessary for stable asso-
ciation of the epidermis to the underlying der-
mis [Pulkkinen and Uitto, 1998]. A key molecule
in this network structure is the 180-kD bullous
pemphigoid antigen (BP180), a transmem-
brane collagenous protein, also known as type
XVII collagen. The intracellular domain of
BP180 has been recently shown to interact with
another hemidesmosomal adhesion molecule,
B4 integrin subunit [Aho and Uitto, 1998a; Bor-
radori et al., 1997]. The intracellular domain of
B4 subunit is phosphorylated at multiple tyro-
sine residues in vivo, including a tyrosine-
based activation motif (TAM), which is involved
in the hemidesmosome assembly. The signal
transduction by the a6B4 integrin is mediated
by the phosphorylation of distinct tyrosine resi-
dues and recruitment of Shc/Grb2, which poten-
tially links a6B4 to the ras pathway [Mainiero
etal., 1995].

In this study, we demonstrate that the intra-
cellular domain of BP180 interacts with p120°tn,

and we explore the tissue-specific expression of
this putative adhesion molecule in comparison
to the expression of BP180.

MATERIALS AND METHODS
Yeast Strains and Vectors

The Matchmaker Two-Hybrid System (Clon-
tech Laboratories, Inc., Palo Alto, CA) was used
in this study. The two-hybrid vectors pGBT9
and pGAD424 were originally a generous gift
from Dr. S. Fields (SUNY, Albany, NY). As a
bait vector, pGB-MEL1 containing the MEL1
gene encoding a-galactosidase enzyme, was
used as an independent reporter [Aho et al.,
1997]. Human keratinocyte Matchmaker cDNA
library was purchased from Clontech, ampli-
fied according to the manufacturer’s instruc-
tions, and the two-hybrid screening was done
following the manual of Matchmaker Two-
Hybrid System (Clontech). As a host yeast
strain, competent Saccharomyces cerevisiae
YRG-2 cells (Stratagene, La Jolla, CA) were
used. Yeast transformation was carried out ac-
cording to the manufacturer’s instructions. The
guantitation of a-galactosidase activity was
done as described by Lazo et al. [1977] with
minor modifications [Aho and Uitto, 1998b].

Construction of the Fusion Vectors

The BP180 intracellular domain fragments,
devoid of the transmembrane segment se-
guences, were produced by PCR amplification
with specific primers synthesized according to
the published cDNA sequence [Giudice et al.,
1992] using the foreskin keratinocyte cDNA
library as template. For the original bait con-
struct (BP376), forward primer 5-TGG ATC
CTT GAAGTC ACT GAG AGAATT GT-3' and
reverse primer 5-GTA GCT GTG GAT ATC
TGCAGT-3" were used (the BamHI site incorpo-
rated into the primer is underlined). After sub-
cloning into the T-tailed Bluescript KS, the
BamHI-Sall restriction fragment was isolated
and ligated into the multiple cloning site of
pGB-MEL1 [Aho et al., 1997] which had been
previously digested with BamHI-Sall. For addi-
tional bait constructs, the same forward primer
shown above and one of the following reverse
primers: 5'-GGG CAG GGT GGA GGA CCA-3’
(BP409), or 5'-AGT GGA GGC AGG TGA
GTG-3' (BP430), were used. For BP434, a for-
ward primer 5'-ATG GAA TTC AGA CTT ACA
TCC TTA CCA CC-3' and the reverse primer,
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5'-TCC GAG GGT ACT CCG GAG-3’ were used
(the EcoRI site used for in-frame ligation is
underlined). For the bait constructs BP455 and
BP456, the pairs of oligomers consisting of two
complementary strands with EcoRIl and Sall
overhang ends, were annealed and ligated to the
EcoRI-Sall digested pGB-MEL1. The plasmids
for yeast transformation were isolated using Wiz-
ard Miniprep kit from Promega (Madison, WI)
and sequenced to confirm the in-frame fusion.

GST-Fusion Protein Interaction Assay

The PCR product of BP180 corresponding to
aa 1-89 [Giudice et al., 1992] was produced
using a forward primer 5-A GAA TTC GGT
ATG GAT GTA ACC AAG AAA-3’ (the Eco RI
site used for in-frame ligation is underlined,
and the first in-frame ATG of BP180 [Li et al.,
1993] is shown with bold style) and a reverse
primer 5’-AGT GGA GGC AGG TGA GTG-3/,
which resulted in a 277-bp fragment from the
keratinocyte cDNA library. After cloning into
T-tailed Bluescript vector, the EcoRI-Sall frag-
ment was isolated and subcloned into plasmid
pGEX-4T-1 (Pharmacia). Glutathione S-trans-
ferase (GST) or GST-fusion proteins were pre-
pared from 250 ml cultures of E. coli BL21 cells
(Promega) and purified through binding to Glu-
tathione Sepharose 4B according to the manu-
facturer’s (Pharmacia Biotech) instructions.

The cells from a confluent culture of primary
human foreskin keratinocytes in a 100-mm dish
were collected, cell lysate was prepared and
incubated with the BP180-GST/GT Sepharose
4B according to the Cellular Labeling and Im-
munoprecipitation Kit (Boehringer, Indianapo-
lis, IN). After careful washes, the pelleted GT-
Sepharose 4B beads were boiled with an equal
volume of sample buffer, proteins were resolved
by SDS-PAGE, and detected by Western blot-
ting with Anti-pp120 antibody, diluted 1:2,000
(Transduction Laboratories, Lexington, KY) or
Anti-GST antibody, diluted 1:6,000 (Pharma-
cia). The secondary antibody, conjugated with
horseradish peroxidase (HRP), was detected with
Renaissance Western Blot Chemiluminescence
Reagent (NEN Life Science Products, Boston,
MA).

Expression Studies

Human Multiple Tissue cDNA Panels (Hu-
man MTC Panels | and I, Human Fetal MTC
Panel, and Human Tumor MTC Panel) were
obtained from Clontech and used as templates

for PCR analysis. The p120°t" exon 1 specific
primer, 5’-CTG CCC TGC TGG ATT TGT C-3’
(p592), and the p120ct" exon 7 specific primer,
5’-ATC CGA TGG CAC CTC CTC A-3’ (p593),
produced a 1370-bp full length fragment and
various shorter PCR products which reflect al-
ternative splicing of the 5’ end (GenBank #
AF062341) [Keirsebilck et al., 1998]. The sec-
ond pair of primers, specific for the 3’-untrans-
lated region of p120°t", 5'-GCT GAG TTG GCC
TGG CCA-3’ (p590) and 5'-TCATGG CTATAC
CAA TCC TCA-3' (p591), produced a 504-bp
fragment, which was used as a control for the
RT-PCR analysis of the alternatively spliced
transcripts. PCR conditions were: 2 min at 94°C,
followed by 38 cycles of 94°C for 20 sec, 58°C for
30 sec, and 72°C for 1 min. Primers 5-CAG AAG
GCG GCA TGT ATG CT-3' and 5’-ACG GCT
TGA CAG CAATAC TTC-3' produced a 440 bp
fragment from the BP180 cDNA. The PCR con-
ditions for BP180 were the same as for p120¢t",
G3PDH-primers, provided by Clontech with
each MTC panel, were used as a control, and
the PCR was performed for 30 sec at 94°C,
followed by 26 cycles of 94°C for 20 sec, and
68°C for 2 min.

RESULTS
Yeast Two-Hybrid Interactions

In initial studies designed to identify mol-
ecules potentially interacting with BP180, a
1273 bp cDNA corresponding to the intracellu-
lar domain of this protein (amino acids 13-437)
was cloned into the yeast two-hybrid GAL4
binding domain (BD) vector, resulting in a con-
struct BP376 (see Fig. 1). This construct was
used as a bait to screen a human keratinocyte
cDNA library cloned into the GAL4 activation
domain (AD) vector. Initial screening of ~8 X
10° library colonies resulted in identification of
several colonies capable of growing in His me-
dium, suggestive of protein-protein interac-
tions. The positive GAL4-AD plasmids were
isolated and the insert-specific interactions were
confirmed by re-transformation. The plasmids
which consistently indicated interaction were
subjected to DNA sequencing. The BLAST
search [Altschul et al., 1990] against the se-
quences deposited in the GenBank identified
one clone corresponding to the mouse p120 se-
quences [Reynolds et al., 1992], spanning nucle-
otides 66-1034. This nucleotide sequence
showed 89.5% identity to the mouse cDNA, and
the open reading frame of the insert in
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BP180 intracellular domain aa 1-466 ™ pl20¢? .GALA AD
L D Growth a-Gal
-his mU/A600
BP376 +++ 310+ 12.1
aa 13-437 -
BP409 ++ 250+ 17.6
aal3-226
BP430 ++ 225+ 13.9
aa 13-89 h
BP434
aa 26-123 ND
BP455
aa 1305 EVTERIVTETVTT + 60.2+72
BP456
a3 15.20 TERIVTETVTTRLTS - 398+50
pGB-MELI - 27.1+5.6

Fig. 1. The amino-terminus of BP180 interacts with p120°" in
yeast two-hybrid system. Deletion constructs of the intracellular
domain of BP180 were amplified by PCR and cloned into the
GAL4-binding domain vector to generate the yeast two-hybrid
bait constructs BP376, BP409, BP430, and BP434, as indicated
on the left. In addition, the bait constructs BP455 and BP456,
with the amino acid sequences indicated, were generated using
synthetic oligonucleotides. These constructs were tested for
their interactions with the p120"-GAL4 activation domain

GALA4-AD vector revealed 97.5% identity on the
amino acid level to the mouse p120. The human
cDNA isolated through the two-hybrid screen-
ing is identical with the subsequently pub-
lished human p120, isoforms 1 and 2 [Keirse-
bilck et al., 1998].

To identify the region of BP180 responsible
for binding to p120°t", 3’-end deletion con-
structs of the cDNA, truncating the BP180 in-
tracellular domain polypeptide at different dis-
tances from its carboxyl-terminal end, were
tested, and the protein-protein interaction was
gquantitated by the assay of the a-galactosidase
reporter enzyme. All constructs tested were
found to be functional as baits (Fig. 1). How-
ever, a 5’-end deletion construct identified a
discrete 13-amino acid segment, amino acids
13-25 (construct BP434) of the polypeptide as
the site responsible for p120" binding (Fig. 1).
Synthetic oligonucleotides were then used to
generate a bait construct consisting of amino
acids 13-25 (BP455) and 15-29 (BP456) (see
Fig. 1). When co-transformed into yeast cells
together with the pGAD-p120°", the first con-
struct (BP455) showed low but detectable inter-
action, while further deletion of the two amino-

clone obtained from the original two-hybrid screening of the
Matchmaker keratinocyte cDNA library. The interactions were
detected by the ability of the colonies to grow on His™ medium
(+++ or ++, positive growth; —, negative growth). The bait
vector contained yeast MEL1 reporter gene encoding a-galacto-
sidase enzyme, which was used to quantitate the interactions.
The values for a-galactosidase activity are mean = S.D. of six to
10 independent samples. ND, not determined. The pGB-MEL1
bait cloning vector alone was used as negative control.

terminal amino acids (BP456) totally abolished
the interaction (Fig. 1). Thus, the binding of the
amino-terminal segment of BP180 with the
pl20t" appears to be sequence specific.

Keratinocyte-Specific Splicing Variants
of p120" Transcript

As indicated by previous studies [Keirsebilck
et al., 1998; Mo and Reynolds, 1996], p120" is
expressed in various isoforms due to alterna-
tive splicing. To examine the presence of such
isoforms in keratinocytes, PCR-analysis of a
series of 10-fold dilutions of the keratinocyte
cDNA library was performed. First, a pair of
oligonucleotides complementary to the 3'-un-
translated region of p120<", used as a control,
showed that p120°" is a relatively abundant
transcript as compared to the G3PDH-tran-
script (Fig. 2). Two primers, p592 specific to
exon 1 and p593 complementary to exon 7,
produced from the keratinocyte cDNA four ma-
jor bands, designated as K1-K4, which were
approximately 960 bp, 890 bp, 820 bp, and 200
bp, respectively (Fig. 2). DNA sequencing re-
vealed that in the transcript K1 exon 1 joined to
exon 4, in the transcript K2 exon 1’ joined to
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Fig. 2. The abundance of p120%" and its splicing variants in
human keratinocytes. The Matchmaker human keratinocyte
two-hybrid cDNA library was used as a template for PCR
amplification of 10-fold dilutions (1 pg—100 pg) as indicated as
log of pug on the top of the panel. The control lane (0; left lane)
was devoid of DNA template. The primers p592-p593 amplified
the region between exons 1-7 which is subject to alternative
splicing. The keratinocyte specific PCR products K1-K4 are
identified on the right (upper panel). Primers p590-p591 pro-
duced a 504-bp fragment from the 3’-untranslated region (middle
panel). Glyceraldehyde 3-Phosphate Dehydrogenase (G3PDH),
a ubiquitously expressed housekeeping gene, was amplified as
a control (lower panel). The molecular weight markers (M) are
shown on the left.

exon 4, in the transcript K3 exon 1’ joined to the
exon 5, and in the transcript K4 exon 1 joined to
exon 7 (Fig. 3). Thus the bands K1-K4 corre-
spond to previously identified isoforms 3.1, 3.3,
3.4, and 4.1, respectively [Keirsebilck et al.,
1998]. Because the two-hybrid cDNA clone ini-
tially isolated by the BP180 interaction starts
within exon 3, the PCR-product corresponding
to that transcript may be one of the slower
migrating bands noted as minor components of
the PCR products (Fig. 2).

Confirmation of the BP180/ p120¢™" Interaction
With an In Vitro Protein-Protein Binding Assay

The interaction between BP180 and the
p120<t" protein, initially detected in the yeast
two-hybrid system, was confirmed by an inde-

pendent method. Specifically, the amino-termi-
nal region of BP180, aa 1-89, was expressed as
a GST-fusion protein in E. coli and purified
with GT-Sepharose 4B particles. The fusion
protein Sepharose 4B-complex was mixed with
keratinocyte cell lysate, and proteins bound to
the fusion protein were analyzed by Western
blotting. The monoclonal antibody pp120, which
recognizes the carboxyl-terminal end of p120°t",
detected from the cell lysate of cultured fore-
skin keratinocytes two prominent bands (bands
b and c) in the size range of 90-100 kDa and a
third band (band e) of 65 kDa (Fig. 4A, lanes 1
and 2). In addition, weaker bands were detect-
able at the approximate positions of 105
(band a) and 80 kDa (band d). Both the 90-kDa
band ¢ and the 65-kDa band e appeared to be
doublets of closely migrating polypeptides
(Fig. 4A).

The BP180/GST-fusion protein pull-down as-
say revealed interaction between the amino-
terminus of BP180 and the 105-kDa, 100-kDa,
and 90-kDa isoforms of p120°", but neither the
strong 65-kDa band nor the weaker 80-kDa
band were detected (Fig. 4A, lane 4). No pro-
teins interacting with GST alone were detected
with the pp120 antibody (lane 5).

As a control, the GST-specific antibody was
used to demonstrate the presence of bacterially
expressed proteins, the 40-kDa BP180/GST fu-
sion protein as well as its degradation products
(lane 4), and the 29-kDa GST (lane 5; Fig. 4B).
These findings confirm the results obtained in
the yeast two-hybrid system, indicating previ-
ously undetected interactions between the
BP180 and p120°t", a catenin whose direct inter-
action with the cell-cell adhesion molecules,
cadherins, has been recently characterized [Rey-
nolds et al., 1994] but whose interactions with
the hemidesmosomal protein BP180 have not
been previously disclosed.

Tissue-Specific Expression of p120ct
Splicing Variants

The multiple tissue cDNA panels were used
as PCR-templates to study the expression of
p120<t in the adult and the corresponding fetal
tissues (Fig. 5). The primers p590-p591, produc-
ing a single 504-bp band from the 3’-untrans-
lated region of p120", revealed that the p120°t"
transcript was present in all adult and fetal
tissues tested, although only a weak signal was
obtained from adult skeletal muscle (Fig. 5).
The 5’-primers, p592-p593, produced consis-
tent patterns of the splicing products from the
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Fig. 3. Schematic representation of the alternative splicing of
p120¢t transcripts in human keratinocytes. A: The 5’-end of the
p120°" cDNA is composed of combinations of exons 1-7,
upstream from the Armadillo repeats, and the four alternative
translation initiation codons (ATG:1-4) give rise to multiple
p120¢t polypeptides. The positions of distinct exons (E1’, E1”,
and E1-7, as designated by Keirsebilck et al. [1998]) are indi-

— BP180-
GST

— GST

Fig. 4. The amino-terminus of BP180 interacts with specific
p120¢t" isoforms in in vitro protein-protein interaction assay.
Cell extract of cultured foreskin keratinocytes. Lane 1: 20 ug;
lane 2: 2 pg of protein; lane 3: blank lane; lane 4: keratinocyte
cell extract, 100 pg, incubated with BP180/GST-Sepharose 4B;
lane 5: incubated with GST-Sepharose 4B alone. The proteins
were resolved on 10% PAGE and the Western blot was devel-
oped with an anti-p120¢™" antibody (Transduction Laboratories)
in A; and with anti-GST antibody in B. Note that at least five
distinct bands (a—e) are noted in total keratinocyte extract (lane
1 in A), while only the three larger bands (a—c) interact with
BP180 (lane 4 in A). Examination of A suggests that the bands ¢
and e may consist of two or more individual components.

cated. The position of the p120°" cDNA clone isolated from the
original two-hybrid screen is shown as a heavy bar. B: The four
major keratinocyte-specific PCR-products K1-K4 generated with
PCR primers p592 and p593 (see Fig. 2) were isolated and
subjected to DNA sequencing. The regions deleted from each
transcript are shown with broken lines.
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Fig. 5. Tissue-specific expression of p120°" splicing variants in
human adult and fetal tissues. The multi-tissue cDNA panels used
as PCR-templates consist of cDNAs derived from polyA™ RNA
isolated from tissues indicated on the top of the panel. The two top
panels show the PCR-products of alternatively spliced 5'-end, corre-
sponding to exons 1-7, in adult and fetal tissues, respectively,
amplified by primers p592 and p593. In the two lower panels,
amplification was performed with primers p590 and p591
which correspond to the 3'-untranslated region of p120°™". Posi-
tions of the molecular weight markers are shown on the right.
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Colon adenocarcinoma (GI-112)
Colon adenocarcinoma (CX-1)
Pancreatic adenocarcinoma (GI-103)
Prostatic adenocarcinoma (PC-3)
Lung carcinoma (GI-117)

Lung carcinoma (LLX-1)

Breast carcinoma (GI-101)

Ovarian carcinoma (GI-102)
Keratinocyte cDNA library 0.001 ug
Keratinocyte cDNA library 0.01 pg

Expression of p120%" and BP180 transcripts in normal and various tumor tissues. The primers p592-p593

were used to reveal the alternative splicing at the 5’-end of the gene and the primers p590-p591 corresponding to the
3’-untranslated region were used to confirm the presence of the p120%" transcript in each tissue sample. Tissue
specific expression of BP180 gene is shown in the third panel, while G3PDH was amplified as a control gene (lower

panel).

adult and the corresponding fetal tissues
(Fig. 5).

PCR-analysis also revealed that the p120ct
transcript was present in all tumor tissues stud-
ied here, but the 5’-end splicing pattern was
not consistent with what was detected in the
corresponding normal tissues (Fig. 6). PCR-
analysis using the primers specific to exons 1
and 7 produced a 1370 bp fragment from the
full-length transcript, corresponding to the iso-
form 1.1 [Keirsebilck et al., 1998]. DNA sequenc-
ing of selected PCR-products revealed that three

isoforms, 1.1, 1.2, and 1.3 are expressed in
leukocytes and only one isoform, 1.2 was pres-
ent in testis. Both fetal and adult brain tissue
contained isoform 1.2, but a weaker band repre-
senting isoform 1.2 devoid of exon 4 was also
present. Splicing of exon 4 does not change the
reading frame, but omits 24 amino acids from
the translation product. It should be noted that
when a specific primer corresponding to the
“brain-specific” exon 1, reported by Nagase et
al. [1997], was used instead of primer p592, no
PCR products were detected from any of the
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cells or tissues studied in Figures 5 and 6 (re-
sults not shown). The band K4 corresponding to
the isoform 4.1 was detected only from keratin-
ocytes, but a weak PCR product corresponding
to isoform 4.2 was detected from most of the
normal and tumor tissues (data not shown).
The long transcripts retaining exons 2 and 3
were present in most of the normal tissues. It
appears that either exon 1 or exon 7 is subject
to alternative splicing in a colon adenocarci-
noma and in a breast carcinoma tissue, because
these 5’-end specific primers did not produce
any PCR-product even though the 3’-primers
produced a strong band from both tissues.

The two-hybrid interaction between BP180
and p120¢t" was detected from foreskin keratino-
cyte cDNA. The multiple tissue cDNA panels
were also utilized to study the expression of the
BP180 transcript. While the tissues shown in
Figure 5 did not express BP180 transcripts at
significant level, several other tissues including
colon, small intestine, prostate, testis, and pla-
centa, as well as four adenocarcinoma and an
ovarian carcinoma tissue were clearly positive
for the BP180 expression (Fig. 6).

DISCUSSION

The adhesion of the epithelial basal keratino-
cytes to the underlying basement membrane is
mediated through the adhesion structures,
called hemidesmosomes, which serve as intra-
cellular attachment sites for intermediate fila-
ments and in the extracellular space associate
with other BMZ components forming anchoring
filaments [Borradori and Sonnenberg, 1996;
Pulkkinen and Uitto, 1998]. BP180, also known
as type XVII collagen, a transmembrane pro-
tein in type Il topography, is an essential compo-
nent of hemidesmosomes. In order to character-
ize the hemidesmosomal protein-protein
interactions, we used the intracellular domain
of BP180 as a bait and screened a human kera-
tinocyte cDNA library in yeast two-hybrid sys-
tem resulting in isolation of several interacting
clones [Aho and Uitto, 1997]. One of the cDNA
clones was highly homologous to a mouse p120¢t
molecule [Reynolds et al., 1992]. When com-
pared to the recently published human p120ct
cDNA sequence, the two-hybrid clone was found
to be identical to the splicing variants, isoforms
1 and 2 [Keirsebilck et al., 1998]. The DNA
sequence of the two-hybrid clone revealed that
the Armadillo repeats 1 to 10, which are neces-
sary and sufficient for the direct interaction
between p120¢" and E-cadherin [Daniel and

Reynolds, 1995], are not involved in the interac-
tion between p120°t" and BP180. On the other
hand, p120¢t" has been shown to associate with
a cytoplasmic tyrosine kinase, FER [Kim and
Wong, 1995]. Since only the longest isoform of
p120™" was found to interact with FER, these
results imply that the most amino-terminal end
of p120°t", encoded by exon 3, is the site of this
interaction. In in vitro protein-protein interac-
tion assay the shortest isoform, isoform 4, did
not interact with BP180, suggesting that the
domain responsible for this interaction is en-
coded by exons 5 and/or 6. Thus different do-
mains of p120°t" are responsible for the interac-
tion with different proteins.

In general, the amino-terminal 36 amino ac-
ids are necessary for the hemidesmosomal local-
ization of BP180 [Borradori et al., 1997; Hopkin-
son et al., 1995]. Specifically, the amino-terminal
domain of BP180 interacts directly with the
intracellular domain of 4 integrin subunit [Aho
and Uitto, 1998a; Schaapveld et al., 1998], and
it was also found to interact in the yeast two-
hybrid system with periplakin [Aho et al., 1998].
The two-hybrid screening has suggested direct
interactions with other, less well-characterized
molecules as well [Aho and Uitto, 1997]. Al-
though computer prediction does not reveal a
secretory signal sequence at the amino-termi-
nus of the BP180 polypeptide, we omitted the
first 12 amino acids of BP180 from the two-
hybrid bait construct to avoid potential mem-
brane-targeting sequences. While the bait con-
struct containing aa 13-89 was functional,
elimination of further 13 amino acids from the
amino-terminus completely abolished the inter-
action with p120°t. In fact, elimination of just
two amino acids, Glu-13 and Val-14, was suffi-
cient to abolish the two-hybrid interaction be-
tween BP180 and p120°t", attesting to sequence-
specificity of the two-hybrid interaction.

The multiple isoforms of p120°¢t" detected with
a specific antibody differ from each other by the
translation initiation codon usage [Keirsebilck
et al., 1998]. In combination with the alterna-
tively spliced exons, up to 32 isoforms of human
pl20ct" have been predicted. The isoform 1.2
devoid of exon 4, detected from brain tissue, has
not been reported before. In fact, we detected
five distinct bands from human keratinocytes,
bands ¢ and e being clearly doublets. In the in
vitro binding assay, the BP180-GST fusion pro-
tein showed affinity to the three slower migrat-
ing bands only, suggesting that the faster mi-
grating isoforms do not contain sequences
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necessary for the interaction, again attesting to
the specificity of binding.

The abundance of the longest transcripts cor-
responding to isoforms 1 and/or 2, appears to be
low in human keratinocytes as they were not
visible as distinct bands in the PCR-product,
while the alternatively spliced products devoid
of either exons 2 and 3 (960 bp), exons 1", 1, 2,
and 3 (890 bp), or exons 17, 1, 2, 3, and 4 (820
bp) could be readily detected. A short keratino-
cyte-specific splicing product, devoid of exons
2—6, was detected in epidermal keratinocytes,
while other tissues, including liver, pancreas,
colon, fetal liver, and spleen as well as various
tumor tissues showed the presence of a tran-
script devoid of exons 1"-6. If the latter tran-
scripts are translated into the corresponding
polypeptides, the first in-frame ATG is located
in exon 7 and the translation product may
correspond to the 65 kDa band detected on the
Western blot of the keratinocyte extract.

PCR-analysis of the multiple tissue cDNA
panels revealed that p120°t" is ubiquitously ex-
pressed in a variety of fetal and adult human
tissues. While the splicing pattern showed high
fidelity between the comparable fetal and adult
tissues, the alternative splicing pattern was
considerably more heterogeneous within the
tumor tissues, as also reported by recent stud-
ies by others [Keirsebilck et al., 1998; Mo and
Reynolds, 1996].

Although BP180 has been characterized as a
hemidesmosomal transmembrane protein
which is expressed by the epidermal basal kera-
tinocytes, the corresponding transcript was also
detected in several other tissues, such as colon,
small intestine, prostate, testis, placenta, thy-
mus, fetal kidney, skeletal muscle, spleen, and
thymus, and all four adenocarcinomas and an
ovarian carcinoma tested. This distribution par-
tially overlaps with that of p120°" which was
found in all tissues tested. It is conceivable that
p120<t"/BP180 interactions could take place in
any of such tissues. Finally, it is of interest to
note that both p120¢" [Calautti et al., 1998;
Reynolds et al., 1989] and BP180 [Kitajima et
al., 1995; Yamada et al., 1996] have been de-
scribed both in phosphorylated and nonphos-
phorylated forms. It is conceivable therefore,
that the phosphorylation state of these proteins
alters their interactions, thus modulating the
putative signaling functions of these molecules.
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