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Although vinculin is used frequently as a marker for integrin-mediated focal adhesion complexes, how it
regulates the activation of integrin is mostly unknown. In this study, we examined whether vinculin
would activate integrin in Chinese hamster ovary (CHO) cells expressing human integrin aIIbp3. Silencing
of vinculin by lentiviral transduction with a short hairpin RNA sequence affected the binding of PAC-1 (an

Kfyw‘{""f antibody recognizing activated human «llbp3) to a constitutively active form of allbp3 («6Bp3)
i;l;e(;gurllll:l expressed on CHO cells, while its inhibitory effects were much weaker than those of talin-1. Overexpres-
T

sion of an active form of vinculin without intramolecular interactions, but not the full length one, induced
PAC-1 binding to native allbp3 expressed on CHO cells in a manner dependent on talin-1. On the other
hand, silencing of talin-1, but not vinculin, failed to induce cell spreading of ¥6BB3-CHO cells on fibrin-

Signal transduction
RNA interference

Platelets
Talin ogen, even in the presence of PT 25-2, a monoclonal antibody that activates allbp3. Thus, an active form
Actin of vinculin could induce alIbp3 inside-out signaling through the actions of talin-1, while vinculin was dis-

pensable for outside-in signaling.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Vinculin is a highly conserved actin-binding protein that is fre-
quently used as a marker for integrin-mediated focal adhesion
complexes [1,2]. Although vinculin itself does not directly bind to
integrins, it is thought to play key roles in focal adhesion assembly
and in cell adhesion by connecting talin and «-actinin to the actin
cytoskeleton [1,3]. Previous studies have suggested that vinculin
contains a globular head domain, a flexible neck and a tail domain.
The head and tail domain are connected by the flexible proline-rich
neck region and interact to form a closed, autoinhibited conforma-
tion that masks the binding sites for many other cytoskeletal pro-
teins [2,4). Vinculin is also critical for proper embryonic
development, because all homozygous vinculin~/~ embryos die be-

Abbreviations: CHO, Chinese hamster ovary; mAb, monoclonal antibody; APC,
allophycocyanin; aa, amino acid; EGFP, enhanced green fluorescent protein; HIV,
human immunodeficiency virus; sh, short hairpin; MOI, multiplicity of infection;
ILK, integrin-linked kinase; PIP2, phosphatidylinositol (4,5)-bisphosphate.
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cause of brain and heart defects [5]. Despite extensive reports on
the structure of vinculin and its associations with other cytoskele-
tal proteins, its precise roles in directly modulating the ligand-
binding capacities of integrins remain to be elucidated.

Blood platelets are terminally differentiated anucleate cells that
are responsible for primary hemostasis and pathological thrombo-
sis. Platelets express members of the integrin 1 subfamily that
support platelet adhesion to extracellular matrix proteins, as well
as expressing members of the integrin B3 subfamily [6]. Among
them, integrin «llbp3, a receptor for fibrinogen, von Willebrand
factor, fibronectin and vitronectin, is an essential requirement for
platelet aggregation [7]. This molecule is suitable for studies of
integrin receptors because it is well characterized with respect to
its ligand binding and signal transduction. In this study, we em-
ployed CHO cells expressing allbp3 to investigate the roles of vin-
culin in modulating the ligand-binding capacities of integrins. We
found that the activated form of vinculin can increase the affinity
of allbp3 through the actions of talin-1.

2. Materials and methods
2.1. Materials

The materials used in this study were obtained from the follow-
ing suppliers: PAC-1 (a monoclonal antibody (mAb) recognizing
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activated human integrin ollbp3) and anti-paxillin mAb (clone
349; BD Biosciences Co., San Jose, CA); horseradish peroxidase-
conjugated anti-green fluorescent protein (GFP) polyclonal anti-
body (Acris Antibodies GmbH, Himmelreich, Germany); allophyco-
cyanin (APC)-conjugated anti-mouse IgM (eBioscience Inc., San
Diego, CA); anti-talin mAb (clone 8D4; Sigma-Aldrich Co., St. Louis,
MO); anti-vinculin mAb (clone V284; Chemicon International Inc.,
Billerica, MA); anti-human integrin allbg3 mAb (clone 5B12; Dak-
oCytomation, Glostrup, Denmark); PT 25-2 (a mAb that activates
human integrin allbp3; Takara Bio Inc., Otsu, Japan) [8].

2.2. cDNA cloning, construction of lentiviral vectors and virus
production

cDNAs for mouse vinculin and talin-1 were cloned as described
[9]. Truncated cDNA fragments of vinculin (amino acids (aa) 1-258,
1-880 and 881-1066) were amplified by polymerase chain reac-
tion (PCR). A constitutively active form of vinculin (T 12) [3] was
created using a Quick Change Site-directed Mutagenesis Kit (Strat-
agene Corp., La Jolla, CA). The primer pairs used in this study are
shown in Supplementary Table 1. Enhanced green fluorescent pro-
tein (EGFP)-fusion proteins were created by insertion of various
c¢DNAs into the sequence of pEGFP-C plasmid (Clontech Laborato-
ries Inc., Mountain View, CA).

A gene transfer vector, pLL3.7, for constructing replication-
defective self-inactivating human immunodeficiency virus (HIV)
lentiviral vectors expressing short hairpin (sh) RNA sequences
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(LentiLox vectors) was purchased from ATCC (Manassas, VA). We
selected two shRNA sequences for mouse vinculin, designated
Vin-B and Vin-C and cloned them into the pLL3.7 lentiviral vector
plasmid (Lentilox) [10]. The shRNA sequences for control (Ran-
dom) or talin-1 (Talin-A) were as reported [9]. To create HIV lentiv-
iral vectors for protein expression, the pLL3.7 lentiviral vector was
digested with Xbal and EcoRI to delete the sequence from the U6
promoter to EGFP and each EGFP-fusion protein sequence driven
by the CMV promoter derived from the pEGFP-C plasmid was then
inserted. The lentiviral vectors were essentially generated as de-
scribed [9-11].

2.3. Immunoblotting

Immunoblotting with specific antibodies was performed as de-
scribed previously [9,10].

2.4. PAC-1 binding to allbg3-CHO cells

A chimera of the allb extracellular and transmembrane do-
mains joined to the a6B cytoplasmic domain was cotransfected
with integrin B3 into CHO-K1 cells [12]. The chimeric integrin
(a6BB3) is a constitutively active form that spontaneously binds
to PAC-1 [13]. We also cloned CHO cells expressing the native form
of human integrin allbp3. The oligonucleotide primer pairs used
for cDNA cloning are shown in Supplementary Table 1. CHO cells
(2-4 x 10%) expressing a6BB3 (a6BB3-CHO cells) or native human

Random Talin-A
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o sl
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—P=0.014

P<0.0001
B —

Fig. 1. Loss of vinculin marginally affects the integrin activation status in a6Bp3-CHO cells. Cells were transduced with the indicated LentiLox vectors at a multiplicity of
infection (MOI) of 3. (A) Lysates obtained from the transduced cells were immunoblotted with anti-vinculin, anti-talin and anti-paxillin monoclonal antibodies (mAbs). (B)
Enhanced green fluorescent protein (EGFP) expression (vertical) and allbp3 expression (horizontal) were examined by flow cytometry after transduction. (C) The affinity state
of integrin o6Bp3 was assessed by PAC-1 binding in the absence (solid gray) or presence (black line) of 1 mM GRGDS. (D) Columns and error bars represent the mean # SD of
PAC-1 binding (n = 7). Differences between the two groups were analyzed statistically using Student’s t test.
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