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Characterization of Mouse Integrin ¢3 Subunit Gene!
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Integrin 381 (VLA-3) is an adhesion receptor for extracellular matrix proteins including
various isoforms of laminin. We have isolated mouse genomic clones encoding the integrin
a3 subunit and deduced the exon/intron organization. The mouse integrin «3 subunit gene
is encoded by 26 exons spanning 40 kb. The exon/intron structure of the integrin 23 subunit
gene resembles that of the integrin a6 subunit gene, but differs somewhat from those of
other members of the integrin family. We have demonstrated that the cytoplasmic domain
splicing variants of the ¢3 subunits (¢3A and ¢3B) are generated by alternative exon usage.
We also cloned the §'-flanking region and performed a preliminary analysis of its promoter
activity in various tumor cell lines with different degrees of integrin o3 expression.
Following transfection, activity in the luciferase assay was found to be roughly correlated
with the expression level of integrin o3 as measured by flow cytometry. Furthermore, the
luciferase assay was performed with normal and SV-40- or polyoma virus-transformed
fibroblasts. In mouse, human, and hamster fibroblasts, higher levels of luciferase expres-
sion were observed in transformed cells than in normal cells. This result is consistent with
our previous finding that integrin ¢3 expression at both the protein and mRNA levels is
enhanced upon oncogenic transformation of fibroblasts by tumor viruses.
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Members of the integrin superfamily play a role in
mediating cell-matrix and cell-cell adhesion. Integrins are
transmembrane glycoproteins consisting of a non-covalent-
ly associated heterodimer, comprising « and g8 subunits.
The @381 integrin (VLA-3) functions as an adhesion
receptor for isoforms of laminin, i.e. laminin-5 (epiligrin/
nicein/kalinin/ladsin) and laminin-10/11 (I-4), and for
intercellular adhesion (5-8). Several reports have suggest-
ed that 2381 integrin forms complexes with other cell-
surface proteins, including transmembrane-4 superfamily
(TM48SF) proteins, a transferrin receptor, and an amino
acid transporter, and that these complexes may play key
roles in cell adhesion, motility, signaling, transport, and
other cell membrane functions (9-15). The cDNA for the
hamster, mouse, and human integrin « 3 subunit have been
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cloned (16-19). A variant of the integrin &3 subunit witha
different cytoplasmic sequence has been detected (20), and
its specific tissue distribution has also been reported (21).
We have previously found that the expression of #3841
integrin is increased following the oncogenic transforma-
tion of fibroblasts (16, 17). The effect of the enhanced
expression of this integrin on transformed cells is likely to
be related to their oncogenic phenotypes. A number of
studies have demonstrated the aberrant expression of
a3p81 integrin in various tumor cells in association with
changes in their invasive and metastatic potentials (22-
30). Thus, the regulatory mechanism for 361 integrin
expression seems to be of considerable interest. In this
study, we attempted to isolate mouse genomic clones
encoding the integrin 3 subunit and its 5’-flanking region,
and to analyze its promoter activity in normal and SV-40-
transformed mouse fibroblasts. We also characterized the
exon/intron structure, finding evidence that the cytoplas-
mic variants of the integrin a3 subunit are generated by
alternative exon usage.

MATERIALS AND METHODS

Cells—BALB/3T3 (murine embryonal fibroblasts, AT-
CC CCL-163, JCRB9005), SV-T2 (SV-40-transformed
BALRB/3T3, ATCC CCL-163.1, JCRB9099), WI-38 (hu-
man lung fibroblasts, ATCC CCL-75, JCRB9017), WI-38
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VA-13 (SV-40-transformed WI-38, ATCC CCL-75.1,
JCRB9057), HT-1080 (human fibrosarcoma, ATCC CCL.
121, JCRB 9113), T24 (human bladder carcinoma, ATCC
CRL-1619, JCRB 0711), and KATO IIl (human gastric
carcinoma, ATCC HTB-103, JCRB 0611) were supplied by
the Health Science Research Resources Bank (Osaka).
A375 (human melanoma, ATCC CRL-1619) was supplied
by American Type Culture Collection. These cell lines were
cultured in Dulbecco’s modified MEM (D-MEM) supple-
mented with 10% fetal bovine serum at 37°C under 5% CO,.
K562 (human erythroblastoid leukemia, ATCC CCL-243,
RCB0027) and U937 (human histiocytic lymphoma, ATCC
CRL-1593, RCB0435) were supplied by Riken Gene Bank
(Wako, Saitama), and cultured in RPMI 1640/10% fetal
bovine serum.

Screening of the Mouse Genomic Library—A mouse
(BALB/c) genomic library constructed in A\ EMBL3 (8 x 10°
independent clones) was screened with the entire cDNA for
the mouse integrin o3 subunit (19), labeled with *?P by the
random priming method (31) using the Rediprime™ DNA
labeling system (Amersham, Buckinghamshire, UK).

Subcloning and Sequencing—DNA from positive clones
was isolated and analyzed by restriction enzyme mapping
and Southern hybridization using the mouse integrin a3
subunit ¢cDNA. The restriction fragments obtained by
digestions with BamHI, EcoRI, and/or HindlIIl were sub-
cloned into pBluescript SK (Stratagene, San Diego, CA,
USA) and sequenced with a DNA sequencer (Applied
Biosystems model 373A, Foster City, CA, USA). By
comparing these sequences with the cDNA sequences, the
exon/intron structure was determined.

Transfection and Luciferase Assay—The luciferase
assay was conducted using a Dual-Luciferase™ reporter
system along with pGL3-Basic and pRL-CMV vectors
(Promega, Madison, WI, USA). BALB/3T3 and SV-T2
cells (1.5x10° cells) were seeded in 6-well plates and
cultured for 20 h. The cells were then transfected with a
mixture of the plasmid construct in pGL3 vector (3.6 ug)
and pRL-CMV (0.7 xg) (used as an internal control) by the
lipofection method using Tfx-50™ (Promega) in serum-
free medium for 1 h, and subsequently cultured for 40 h in
D-MEM/10% fetal bovine serum. The cells were then
harvested, and the cell extracts were assayed for luciferase
activity with a luminometer (Lumat LB 9507, Berthold
Japan, Tokyo) according to the manufacturer’s instruc-
tions.
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Flow Cytometric Analysis—The expression of integrin
a3 was measured by flow cytometry (Cyto ACE-150, Jasco,
Tokyo) using a monoclonal anti-human integrin «3 anti-
body (SM-T1) as described previously (7).

RESULTS AND DISCUSSION

Genomic Cloning and Structure of the Mouse Integrin a3
Subunit Gene—Screening of 8x10° clones of a mouse
genomic library by plaque hybridization using mouse
integrin a3 subunit cDNA (19) as a probe resulted in the
isolation of six positive clones. These clones were char-
acterized by restriction mapping, Southern blotting analy-
sis, and sequencing. Based on these results, the genomic
structure of the mouse integrin «3 subunit was deter-
mined.

The gene is over 40 kb in length and is composed of 26
exons arranged in five clusters (Fig. 1). The exonic se-
quences were found to be identical to the cDNA sequence
(19). All the sequences at the exon/intron boundaries
(Table I) are in agreement with the consensus rule for
splicing (32). The transmembrane domain is encoded by
exon 24, and the extracellular domain is encoded by exons
1-23. There is no obvious relationship between the exon/
intron structure and the seven homologous repeats present
in the extracellular domain (17). A variant of the mouse
integrin a3 subunit (a3B) whose cytoplasmic sequence is
distinct from that of the authentic a3 subunit (a3A) has
been previously identified (20). The characterization of the
exon/intron structure of the gene demonstrated that these
variants are generated by alternative exon usage (Fig. 2A).
The entire cytoplasmic domain of the #3A subunit was
found to be encoded by exon 25, in which a TGA stop codon
is present following the coding sequence for 36 amino acids
(Fig. 2B). On the other hand, this exon is skipped in the
mRNA of the 3B subunit, and exon 26, instead, encodes
51 amino acids in the cytoplasmic domain of the «3B
subunit preceding another TGA stop codon. In both the
a3A and «3B subunits, however, the borders of the
transmembrane and cytoplasmic domains (i.e. the begin-
ning of exon 25 or 26) have similar sequences; with out of
five amino acid residues identical (CGFFK for a3A and
CDFFK for «3B) (Fig. 2B). The GFFKR motif, as in the
a3A subunit, is highly conserved among integrin a sub-
units and plays a crucial role in the interaction with
calreticulin, a multifunctional calcium-binding protein

B Fig. 1. Genomic organization of the
mouse integrin 3 subunit. A sche-
matic diagram of the 26 exons encoding
the mouse integrin o3 subunit is shown
{upper line and solid boxes). B indicates
the restriction sites for BamHI. The
lower boxes indicate the corresponding
domains of the mouse integrin a3 sub-
unit. The shadowed boxes represent cod-
ing exons, and the empty boxes represent
the 5'- and 3'-untranslated regions (5
UT and 3'-UT). The metal-binding se-
quences and the transmembrane domain
(TM) are indicated by solid boxes.
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(33). Since calreticulin has been reported to be a modulator
of integrin acivity (34), it is possible that the functions of
the integrin 3 variants are regulated in different ways by
this protein. The cytoplasmic domains of integrins also
interact with the cytoskeleton and other molecules related
to signal transduction in many cellular events. Thus, it is
important to clarify the regulatory mechanism for the
splicing of the integrin #3 subunit mRNA. It has been
shown that each of the « subunits of other laminin-binding
integrins, @661 and 781, also has two cytoplasmic
variants, A and B (35, 36), and that the expressions of
these variants are regulated differently during embryo-
genesis (37).

The number of exons in the mouse integrin a3 subunit
gene is similar to that of other integrin a subunit genes
(38-40), especially the integrin a6 subunit gene, which is
composed of 26 or 27 exons (41). However, the exon/intron
structures of these genes differ somewhat. Obvious differ-
ences are, for example, found in the exons encoding the
metal-binding sequences (Fig. 3). In the « subunits of the
B2 integrin family (M and «X subunits), each metal-
binding sequence is encoded by a single exon and is located
in the middle of the exon. In contrast, the first metal-bind-
ing sequence in the integrin a3 or «Ilb subunit is encoded
by two separate exons, and the second sequences in the a3
and «IIb subunits are located at the 3’-ends of exons 7 and
12, respectively. The third sequence in the a3 subunit is,
however, located in the middle of exon 9, as in the case of
the M and a X subunits, whereas that in the «IIb subunit
is present at the 3'-end of exon 13. The variations in the
distribution of these homologous sequences among individ-
ual integrins may provide important information for
phylogenic analyses of the integrin genes. Recently, the
genomic organization of the human integrin &3 subunit
gene was characterized by a search of the GenBank/EMBL
database (42). The genomic structure of the mouse integrin
a3 subunit gene is similar to that of its human counterpart
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Fig. 2. Cytoplasmic variants of the mouse integrin 3 subunit
generated by alternative exon usage. A, schematic representation of the
exon/intron structure of the cytoplasmic variants, «3A and a3B. The
alternatively spliced exon (exon 25) is depicted by the open box. TM,
transmembrane domain; TGA, stop codon. B, nucleotide and deduced 225 3145 3L80
amino acid sequences of the coding regions of exons 24, 25, and 26. The
amino acid residues in the putative transmembrane domain are underlined.
Numbers indicate the nucleotide residues beginning with the first adeno-
sine residue of the initiation ATG of the mouse integrin 3 subunit cDNA

(19).
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in the number of exons, but different in the sizes of several
exons (e.g. exons 3, 5, 6, 10, 11, and 16), the length of most
of the introns, and the cluster formation of exons, which
does not exist in the human gene.

Transient Expression Analysis of the 5 -Flanking Re-
gion—We also cloned the 5'-flanking region of the mouse
integrin @3 subunit gene. The restriction map for this
region is shown in Fig. 4. To examine the promoter activity
of the 5'-flanking region, we prepared a chimeric construct

TABLE 1. Exon-intron boundaries of the mouse integrin 23
subunit gene.

Exon length (bp)

Exon Intron/Exon/Intron

(coding sequence)
1 ATGGGC------- CTACCT/gtaagt 206
2 ttccag/CCTTCT------- AGAAAA/gtgaga 128
3 ttacag/GTGACC------- GTCCTG/gtaagt 80
4 geetag/GTCTGT.------- GGAAAG/gtggga 250
5 ctgcag/GAAACA-----.- ATATTG/gtaage 87
6 tcccag/GGTACA------- TGATGG/gtgaga 211
7 gtgeag/GTGGCA------- TCCAGG/gtagga 197
8 ccecag/ACATCG------- CAGCAG/gtatga 89
9 cttcag/ATAATC------- GCTGCG/gtgage 137
10 ctatag/GGCCCG------- CTCCTG/gtaaga 87
11  caacag/TGTTCA------- ACATCA/gtaagt 68
12  ccacag/CCCTGG------- CTGATG/gtgaga 137
13  ccccag/GACAAT.--....- ACTGAG/gtgage 150
14 ccccag/GTCCAC------- AAGCAG/gtggta 98
15 cttcag/GCTCCA------- CGCCCG/gtgagt 148
16 cctcag/TCTGGG------- CAGAGG/gtgaga 72
17  tgetag/ATGGAG------- GTCCAC/gtgagt 80
18 tctcag/GTCGAG------- CAGCTT/gtgget 78
19 atccag/AATGAA------- TTCCAG/gtaagg 103
20 ccacag/GTGAGC-----.- CTCTCT/gtaagt 183
21 cttcag/GACCCT------- GTGTTG/gtgagt 123
22 cctcag/ACCTGC------- ATTGAG/gtaagt 114
23 tggtag/GACTAC------- ACATGG/gtgagt 99
24 ctgeag/TTCTCT------- TGGAAG/gt agaa 126
25 ctccag/TGCGGC------- ACCCGG/gtaaca 108
26 ccccag/TGTGAC------- 153
B
Exon 24

2947 2960 Z940
TTCTCTGTGGACATTGAC TCAGAGC TGGTGGAGGAGC TGCCGGC TGAGATTGAGC TG TG
v oD 1 b s E L Y EE L P A E T E L W
3000 3620 3040
TTGGTGCTTGTGGCCOTGGGTGC TGGETTGCTGC TGCTGGGGCTCATCATCOCTCCTCTTS

L VL ¥ AV G A G L L L LG L I I L L L
TGGAAG ‘ a3A
W K a3B
Exon 25

3060 3080 3100
TGCGGCTTCTTCAAGCGAGCCCGCACTCGTGCCCTG TATGAAGC TAAGAGGCAGAAGGET
¢ G F F ¥ P AF T F ALY E A ¥ PR O F A

1 3140 1140
GAGATGAAGAGCCAGCCGTCASAGACAGARAGGC TGACCGACGACTACTGA « «

EM K S ¢g P 5 ETETFERTLTTDTD Y *

Exon 26

3067 3GRC s
TGTGACTTCTTTAAGCCGACCCGCTACTACCGGATTATGCCCAAGTACTATGCAGTGOGET
¢ D F F ¥ ¢ TE Y YR 1 M P K Y H & ¥V F

ATCCGGGAGGAGGACCGCTACCCACCTCCAGGGAGCACGCTACCCACCAAGRAGCACTGG
! R E E DGR Y P P P G 8§ T L P T F ¥ H ¥

3ia% 3200
GTCACCAGCTGGCAGATTCGGGACCGATACTACTGA o o
vV T 5 W ¢ I R O R Y ¥ *
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in which the 4.0 kb EcoRI/Sacl fragment upstream of exon
1 is inserted into the luciferase gene-containing plasmid
pGL3-Basic. Luciferase expression was measured follow-
ing transfection of the constructs into mouse, human, and
hamster fibroblasts (BALB/3T3, WI-38, and NIL, respec-
tively) and their SV-40- or polyoma virus-transformants
(SV-T2, WI-38 VA13, and NILpy). When the construct
containing the upstream fragment (pGL-ES) was intro-
duced into BALB/3T3 and SV-T2 cells, it promoted higher
levels of luciferase activity than the background levels in
both types of cells (Table II). Furthermore, the relative
luciferase activity induced by pGL-ES in the transformed
cells was about 4-times higher than that in normal cells.
Similar results were obtained when the construct was
introduced into human and hamster fibroblastic cells. In
both cases, higher levels of luciferase activity were detect-
ed in the transformed cells than in normal cells; 3.5-times
higher in human fibroblasts transformed with SV-40 than
in normal fibroblasts (WI-38 VA13 vs. WI-38) and 2.6-
times higher in hamster fibroblasts transformed with
polyoma virus than in normal cells (NILpy vs. NIL). We
previously reported that the expression of the integrin «3
subunit in fibroblastic cells at both the protein and mRNA
levels is enhanced upon oncogenic transformation by tumor
viruses such as SV-40 and polyoma virus (16, 17). The
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Fig. 3. Comparison of the mouse integrin 3 subunit with
other integrin a subunits in exon organization of the metal-
binding regions. The schematic diagrams demonstrate the align-
ment of exons encoding the metal-binding regions of the integrin a3,
allb, aM, and «X subunits. Number in the box, exon number; solid
box, metal-binding sequence.
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Fig. 4. Strucuture of the 5'-flanking region of the mouse inte-
grin a3 subunit gene. The map (upper line) shows the cloned region
with the positions of the exons and the restriction sites for HindIII (H)
and EcoRI (E). The restriction map for the 5’-flanking region (lower
line) is also shown at a higher magnification. The translation initiation
site is indicated by ATG.
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results of the luciferase assays are consistent with our
previous findings. The data strongly suggested that the 5'-
flanking region includes elements that upregulate the
expression of the integrin a3 subunit gene in oncogenically
transformed fibroblastic cells.

We next performed transient expression analysis with
various tumor cell lines. Six cell lines, including fibrosar-
coma, gastric and bladder carcinoma, melanoma, and
leukemia, were examined for the expression of the integrin
a3 subunit. Flow cytometric analysis of these cells re-
vealed that they express this integrin differently on their
cell surfaces. HT-1080 (fibrosarcoma) and T24 (bladder
carcinoma) show high expression levels of integrin « 3 (Fig.
5, A and B), whereas K562 (erythroblastoid leukemia) and
U937 (histiocytic lymphoma) express this integrin at low
levels (Fig. 5, E and F). Integrin «3 expression on KATO
III (gastric carcinoma) and A375 (melanoma) is moderate
(Fig. 5, C and D). As shown in Table III, the relative
luciferase activity induced by transfection roughly parallels
the levels of integrin a3 expression in these cells. Taken

A B
@
a |C D
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©
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E F

Fluorescence intensity

Fig. 5. Flow cytometric analysis of the expression of integrin
a3 in various tumor cell lines. The cells were stained with a
monoclonal anti-integrin «3 antibody (SM-T1) and FITC-labeled
anti-mouse IgG antibody, and analyzed by flow cytometry (Cyto
ACE-150, Jasco, Tokyo). (A), HT-1080; (B) T24; (C), KATOIII; (D),
A375; (E), K562; (F), U9317.

TABLE II. Transient expression analysis of integrin 23 sub-
unit gene promoter activity in normal and transformed fibro-
blasts.

Cells Relative luciferase activity®
BALB/3T3 6.4
SV-T2 26.4
WI-38 5.3
WI-38 VA13 18.6
NIL 13.9
NILpy 35.5

*Luciferase activity induced by the introduction of pGL-ES (a
chimeric construct with the upstream 4.0 kb fragment) is expressed
in relation to the activity of pGL3-Basic taken as 1.0. Duplicate
transfections were performed in each experiment; the variation
between duplicates did not exceed 10% of the mean for the experi-
ment.
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TABLE III. Transient expression analysis of integrin 23 sub-
unit gene promoter activity in various tumor cell lines.

Host cell line Integrin 3 Relative lucifer-
Name Type expression® ase activity®
HT-1080 Fibrosarcoma ++ 33.1
T24 Bladder carcinoma ++ 29.7
KATO III Gastric carcinoma + 18.1
A375 Melanoma + 15.0
K562 Erythroblastoid leukemia * 3.2
U937 Histiocytic lymphoma + 4.8

®The expression of integrin @3 was measured by flow cytometric
analysis using a monoclonal anti-integrin «3 antibody (Fig. 5).
*Values are expressed in relation to the activity of pGL3-Basic taken
as 1.0. Duplicate transfections were performed in each experiment;
the variation between duplicates did not exceed 10% of the mean for
the experiment.

together, these data indicate that the 5'-flanking region
contains sequences that control the expression of the
integrin a3 gene. Further characterization of the promoter
region and transcription factors involved in the regulation
of the integrin a3 gene is necessary to elucidate the
mechanism of its expression.

We thank Drs. T. Kubo and S. Natori (Graduate School of Pharma-
ceutical Sciences, University of Tokyo) for initial guidance in the
luciferase assay.

REFERENCES

1. Carter, W.G., Ryan, M.C., and Gahr, P.J. (1991) Epiligrin, a new
cell adhesion ligand for integrin 381 in epithelial basement
membranes. Cell 85, 599-610

2. Marinkovitch, M.P., Verrando, P., Keene, D.R., Meneguzz, G.,
Lunstrum, G.P., Ortonne, J.P., and Burgeson, R.E. (1993)
Basement membrane proteins kalinin and nicein are structurally
and immunologically identical. Lab. Invest. 69, 295-299

3. Kikkawa, Y., Umeda, M., and Miyazaki, K. (1994) Marked
stimulation of cell adhesion and motility by ladsin, a laminin-like
scatter factor. J. Biochem. 116, 862-869

4. Kikkawa, Y., Sanzen, N., and Sekiguchi, K. (1988) Isolation and
characterization of laminin-10/11 secreted by human lung car-
cinoma cells. Laminin-10/11 mediates cell adhesion through
integrin @381. J. Biol. Chem. 278, 16854-15859

5. Symington, B.E., Takada, Y., and Carter, W.G. (1993) Interac-
tion of integrins @381 and a2f£1: potential role in keratinocyte
intercellular adhesion. J. Cell Biol. 120, 523-535

6. Sriramarao, P., Steffner, P., and Gehlsen, K.R. (1993) Biochemi-
cal evidence for a homophilic interaction of the @341 integrin. J.
Biol. Chem. 15, 22036-22041

7. Takeuchi, K., Tsuji, T., Hakomori, S., and Irimura T. (1994)
Intercellular adhesion induced by anti-a3 integrin (VLA-3)
antibodies. Exp. Cell Res. 211, 133-141

8. Weitzman, J.B., Chen, A., and Hemler, M.E. (1995) Investiga-
tion of the role of £1 integrins in cell-cell adhesion. J. Cell Sci.
108, 3635-3644

9. Nakamura, K., Iwamoto, R., and Mekada, E. (1995) Membrane-
anchored heparin-binding EGF-like growth factor (HB-EGF) and
diphtheria toxin receptor-associated protein (DRAP27)/CD9
form a complex with integrin a381 at cell-cell contact sites. J.
Cell Biol. 129, 1691-1705

10. Okochi, H., Kato, M., Nashiro, K., Yashie, O., Miyazono, K., and
Furue, M. (1997) Expression of tetra-spans transmembrane
family (CD9, CD37, CD53, CD63, CD81 and CD82) in normal
and neoplastic human keratinocytes: an association of CD9 with
«3£1 integrin. Br. J. Dermatol. 137, 856-863

11. Berditchevski, F., Chang, S., Bodorova, J., and Hemler, M.E.
(1997) Generation of monoclonal antibodies to integrin-asso-
ciated proteins. Evidence that 361 complexes with EMMPRIN/
basigin/0X47/M86. J. Biol. Chem. 272, 29174-29180

Vol. 125, No. 6, 1999

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

1187

Berditchevski, F., Tolias, K.F., Wong, K., Carpenter, C.L., and
Hemler, M.E. (1997) A novel link between integrins, transmem-
brane-4 superfamily proteins (CD63 and CD81), and phos-
phatidylinositol 4-kinase. J. Biol. Chem. 272, 2595-2598
Yanez-Mo, M., Alfranca, A., Cabanas, C., Marazuela, M.,
Tejedor, R., Ursa, M.A., and Ashman, L.K., de Landazuri, M.O.,
and Sanchez-Madrid, F. (1998) Regulation of endothelial cell
motility by complexes of tetraspan molecules CD81/TAPA-1 and
CD151/PETA-3 with 381 integrin localized at endothelial
lateral junctions. J. Cell Biol. 141, 791-804

Coppolino, M., Migliorini, M., Argraves, W.S., and Dedhar, S.
(1995) Identification of a novel form of the a3 integrin subunit:
covalent association with transferrin receptor. Biochem. J. 308,
129-134

McCormick, J.I. and Johnstone, R.M. (1995) Identification of the
integrin @381 as a component of a partially purified A-system
amino acid transporter from Ehrlich cell plasma membranes.
Biochem. J. 311, 743-751

Tsuji, T., Yamamoto, F., Miura, Y., Takio, K., Titani, K., Pawar,
8., Osawa, T., and Hakomori, S. (1990) Characterization through
c¢DNA cloning of galactoprotein b3 (Gap b3), a cell surface
membrane glycoprotein showing enhanced expression on on-
cogenic transformation. Identification of Gap b3 as a member of
the integrin superfamily. JJ. Biol. Chem. 285, 7016-7021

Tsuji, T., Hakomori, 8., and Osawa, T. (1991) Identification of
human galactoprotein b3, an oncogenic transformation-induced
membrane glycoprotein, as VLLA-3« subunit: the primary struc-
ture of human integrin a3. J. Biochem. 109, 6569-665

Takada, Y., Murphy, E., Pil, P., Chen, C., Ginsberg, M.H., and
Hemler, M.E. (1991) Molecular cloning and expression of the
cDNA for @3 subunit of human #381 (VLA-3), an integrin
receptor for fibronectin, laminin, and collagen. J. Cell Biol. 115,
257-266

Takeuchi, K., Hirano, K., Tsuji, T., Osawa, T., and Irimura, T.
(1995) ¢DNA cloning of mouse VLA-3a subunit. J. Cell
Biochem. 57, 371-377

Tamura, R.N., Cooper, H.M., Collo, G., and Quaranta, V. (1991)
Cell type-specific integrin variants with alternative « chain
cytoplasmic domains. Proc. Natl. Acad. Sci. USA 88, 10183-
10187

de Melker, A.A., Sterk, L.M., Delwel, G.O., Fles, D.L., Daams,
H., Weening, J.J., and Sonnenberg, A. (1997) The A and B
variants of the «3 integrin subunit: tissue distribution and
functional characterization. Lab. Invest. 78, 547-563

Dedhar, S., Saulnier, R., Nagle, R., and Overall, C.M. (1993)
Specific alterations in the expression of 2381 and a654 integrins
in highly invasive and metastatic variants of human prostate
carcinoma cells selected by in vitro invasion through reconstitut-
ed basement membrane. Clin. Exp. Metastasis 11, 391-400
Bartolazzi, A., Cerboni, C., Flamini, G., Bigotti, A., Lauriola, L.,
and Natali, P.G. (1995) Expression of 351 integrin receptor and
its ligands in human lung tumors. Int. J. Cancer 64, 248-252
Melchiori, A., Mortarini, R., Carlone, S., Marchisio, P.C.,
Anichini, A., Noonan, D.M., and Albini, A. (1995) The «381
integrin is involved in melanoma cell migration and invasion.
Exp. Cell Res. 219, 233-242

Bartolazzi, A., Cerboni, C., Nicotra, M.R., Mottolese, M., Bigotti,
A., and Natali, P.G. (1994) Transformation and tumor progres-
sion are frequently associated with expression of the «3/81
heterodimer in solid tumors. Int. J. Cancer 568, 488-491

Van Waes, C., Surh, D.M., Chen, Z., Kirby, M., Rhim, J.S.,
Brager, R., Sessions, R.B., Poore, J., Wolf, G.T., and Carey, T.E.
(1995) Increase in suprabasilar integrin adhesion molecule
expresgion in human epidermal neoplasms accompanies in-
creased proliferation occurring with immortalization and tumor
progression. Cancer Res. 55, 5434-5344

Nishimura, S., Chung, Y.S., Yashiro, M., Inoue, T., and Sowa, M.
(1996) Role of a281- and «3f1-integrin in the peritoneal
implantation of scirrhous gastric carcinoma. Br. J. Cancer 74,
1406-1412

Tawil, N.J., Gowri, V., Djoneidi, M., Nip, J., Carbonetto, S., and
Brodt, P. (1996) Integrin 381 can promote adhesion and

2T0Z ‘T Jo0o1dQ uo [eyidsoH uensuyd enybueyd Je /610'sfeulno[pioxo qly/:dny wo.j pspeojumoq


http://jb.oxfordjournals.org/

1188

29.

30.

31.

32,

35.

spreading of metastatic breast carcinoma cells on the lymph node
stroma. Int. J. Cancer 68, 703-710

Lichtner, R.B., Howlett, A.R., Lerch, M., Xuan, J.A., Brink, J.,
Langton-Webster, B., and Schneider, M.R. (1998) Negative
cooperativity between a381 and 2281 integrins in human
mammary carcinoma MDA MB 231 cells. Exp. Cell Res. 240,
368-376

Adachi, M., Taki, T., Huang, C., Higashiyama, M., Doi, O., Tsuji,
T., and Miyake, M. (1998) Reduced integrin a3 expression as a
factor of poor prognosis of patients with adenocarcinoma of the
lung. J. Clin. Oncol. 16, 1060-1067

Feinberg, A.P. and Vogelstein, B. (1983) A technique for radio-
labeling DNA restriction endonuclease fragments to high specific
activity. Anal. Biochem. 182, 6-13

Mount, S.M. (1982) A catalogue of splice junction sequences.
Nucleic Acids Res. 10, 459-472

. Coppolino, M., Leung-Hagesteijn, C., Dedhar, S., and Wilkins, J.

(1995) Inducible interaction of integrin @281 with calreticulin.
Dependence on the activation state of the integrin. J. Biol. Chem.
270, 23132-23138

. Coppolino, M.G., Woodside, M.J., Demaurex, N., Grinstein, S.,

St-Arnsaud, R., and Dedhar, S. (1997) Calreticulin is essential for
integrin-mediated calcium signalling and cell adhesion. Nature
388, 843-847

Hogervorst, F., Admiraal, L.G., Niessen, C., Kuikman, I.,
Janssen, H., Daams, H., and Sonnenberg, A. (1993) Biochemical
characterization and tissue distribution of the A and B variants of
the integrin a6 subunit. J. Cell Biol. 121, 179-191

36.

317.

39.

40.

41.

42.

T. Tsuji et al.

Ziober, B.L., Vu, M.P., Waleh, N., Crawford, J., Lin, C.S,, and
Kramer, R.H. (1993) Alternative extracellular and cytoplasmic
domains of the integrin @7 subunit are differentially expressed
during development. J. Biol. Chem. 288, 26773-26783

Thorsteinsdottir, S., Roelen, B.A., Freund, E., Gaspar, A.C,,
Sonnenberg, A., and Mummery, C.L. (1995) Expression patterns
of laminin receptor splice variants a6Af81 and a6BfA1 suggest
different roles in mouse development. Dev. Dyn. 204, 240-258

. Heidenreich, R., Eisman, R., Surrey, S., Delgrosso, K., Bennett,

J.8., Schwartz, E., and Poncz, M. (1990) Organization of the gene
for platelet glycoprotein Ib. Biochemistry 29, 1232-1244
Corbi, A.L., Garcia-Aguilar, J., and Springer, T.A. (1990)
Genomic structure of an integrin @ subunit, the leukocyte p150,
95 molecule [published erratum appears in J. Biol. Chem. 265,
12750-12751, 1990]. J. Biol. Chem. 265, 2782-2788

Fleming, J.C., Pahl, H.L., Gonzalez, D.A., Smith, T.F., and
Tenen, D.G. (1993) Structural analysis of the CDI11) gene and
phylogenetic analysis of the a-integrin gene family demonstrate
remarkable conservation of genomic organization and suggest
early diversification during evolution. J. Immunol. 150, 480-490
Pulkkinen, L., Kimonis, V.E., Xu, Y., Spanou, E.N., McLean,
W.H., and Uitto, J. (1997) Homozygous a6 integrin mutation in
junctional epidermolysis bullosa with congenital ducdenal
atresia. Hum. Mol. Genet. 6, 669-674

Jones, S.D., van der Flier, A., and Sonnenberg, A. (1998)
Genomic organization of the human «3 integrin subunit gene.
Biochem. Biophys. Res. Commun. 248, 896-898

J. Biochem.

ZT0Z ‘T J8go100 uo e1idsoH uensuyd enybueyd 1e /Bio0'seulnolpioxo qly/:dny wouj pspeojumoq


http://jb.oxfordjournals.org/

