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Major tyrosine-phosphorylated proteins in the rat carotid artery, FAK and
paxillin, are decreased after balloon injury.
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Abstract

Background. Protein tyrosine phosphorylation plays an import/ant role in signal transduction mediated
by cytokines and vasoactive substances, and through the focal adhesion. However, the protein tyrosine
phosphorylation in the normal and injured artery has not been clucidated. Therefore, we attempted o
identify the major tyrosine-phosphorylated proteins in the normal artery, and their changes alter
balloon injury. Methods and Results. The normal and balloon-injurcd carolid arterics, the aorta, and
other tissues from Sprague-Dawley rats were perfused with sodium vanadate, excised, and then
homogenized in detergent-containing lysis buffer. The clarified tissue lysate was subjected to
immunoprecipitation with anti-phosphotyrosine antibody, and then analyzed by Western blot with
antibodies against focal adhesion kinase (FAK), paxillin, and phosphotyrosine. Western blot analysis
with three different antibodies against phosphotyrosine revealed that pp68 and pp125 were the two
major tyrosine-phosphorylated proteins present in the normal carotid artery and the aorta. Reprobing
with various antibodies identified these proteins as paxillin and FAK. Immunodepletion with anti-
phosphotyrosine removed FAK and paxillin, suggesting that most of these proteins were tyrosine-
phosphorylated in the artery. The artery contained greater amount of tyrosine-phosphorylated FAK
compared to the other tissues examined, including the inferior vena cava and the heart. Following the
balloon injury of the carotid artery, but not after endothelial denudation ¢x vivo, the content of FAK
and paxillin was decreased. Conclusions Our [indings suggested that FAK and paxillin may play an
important role in the maintenance of the normal structure and function, and in the response to balloon

injury of the artery.

Tyrosine phosphorylation plays an important role in the signal transduction mediated by growth
factors, cytokines, vasoactive substances, cell-cell or cell-malrix interaction, and mechanical stimuli
(see reviews, 1 —2). Based on studies with cultured vascular cells, tyrosine phosphorylation has been
implicated in the maintenance of the structure and function of the normal artery[3 - 4] as well as in its

responses to injury[S]. Activation of the PDGF receptor tyrosine kinase has been studied in the artery
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in vivo [6]. However, the overall state of tyrosine phosphorylation in the normal and injured artery has

not been elucidated.

Methods

Antibodies: Anti-phosphotyrosine (PY?20), anti-focal adhesion kinase (FAK, clone 77), and anti-
paxillin (clone 349) monoclonal antibodies were obtained from Transduction Laboratorics (Lexington,
Kentucky). Anti-phosphotyrosine (4G10) and anti-FAK (2A7) were obtained from Upstate
Biotechnology, Inc. (Lake Placid, NY). Anti-phosphotyrosine rabbit IgG (RF-1) was a kind gift from
Dr. Jiro Seki.

Tissue preparation: Eight-week-old male Sprague-Dawley rats were killed with a lethal dose of
pentobarbital(50 mg/kg). Alter ice-cold sodium vanadate solution, containing 0.5mmol/L sodium
ortho- vanadate, 10 mmol/L phosphate buffer(pH 7.4), 150 mmoV/L sodium chloride, and 20 mmol/L
hydrogen peroxide, was perfused through the left ventricle of the heart under pressure of 110 mm Hg,
the carotid artery and the aorta werc excised. Alter the adventitia was removed, the remaining arterial
tissue was minced in cold RIPA buifer [7], and homogenized in a motor-driven Dawns homogenizer.
Unsolubilized material was removed by centrifuguﬁon at 15,000 r.p.m. for 20 minutes at4 °~ C. The
protein concentration of the resulting supernatant, used as tissue lysate, was determined by DC-protein
assay kit (Bio-Rad, Hercules, CA). Each experiment was repeated at lcast three times with similar
results.

Immunoprecipitation and Western blot analysis: Immunoprccipitation and Western blot analysis
were conducted as reported previously [7], using RIPA bufler as the lysis bulfer.

Immunodepletion: Since tyrosine phosphorylation of FAK and paxillin changes in response to
various stimuli[§ - 14], we examined how much of FAK and paxillin is tyrosine-phosphorylated in the
normal artery. Tyrosine-phosphorylated proteins in the tissue lysate were depleted by sequential
immunoprecipitation with PY-20-Sepharose four times, and then FAK was immunoprecipitated with

anti-FAK antibody.



Tissue distribution: For the study of the tissue distribution of FAK, tissue lysate was prepared {rom
the heart, inferior vena cava, skeletal muscle, lung, kidney, and liver. Equal amount of protein (100 pg)
from each tissue was used for immunoprecipitation with PY20.

Balloon injury: The left common carotid arteries of fifteen 10-week-old Sprague-Dawley rats were
denuded of endothelium by three passages of a 2-F balloon catheter inserted through the left external
carotid artery by a method reported previously[15].  After 24 h, 7 days and 17days, the content of
tyrosine-phosphorylated proteins in the injured (left) and control (right) carolid artery was examined.
Intraperitoneal administration of pentobarbital (30 mg /ml) and local administration of 1% xylocaine
were used for anesthesia. All procedures were approved in advance by the institutional committee.

Ex vivo deendothelialization: To cstimated the contribution of FAK and paxillin in the endothelium
that was removed during the balloon injury, the endothelium of the aorta was removed ex vivo. The
aorta was excised, transferred Lo cold sodium vanadate solution, and cut into two halves longitudinally.

The endothelial cells of one half were removed with a surgical scalpel.

Results

Weslern blot analysis with three different anti-phosphotyrosine antibodics, PY20, 4G10 and RF-
1, demonstrated that two major tyrosine-phosphorylated proteins, ppl25 and pp68, were present in
both the carotid artery and the aorta (data not shown). These bands were climinated following addition
of exogenous phosphotyrosine, but not following addition of phosphoserine or phosphothreonine,
indicating that these bands represent specifically tyrosine-phosphorylated proteins. These two major
tyrosine- phosphorylated proteins were identified as FAK and paxillin by probing the .
immunoprecipitate of tyrosine-phosphorylated proteins sequentially with PY20, anti-FAK, and anti-
paxillin (Fig. 1, A). In a separate experiment where FAK and paxillin were immunoprecipitated with
anti-FAK or anti-paxillin antibody, and probed with PY-20, both FAK and paxillin were also shown to
be tyrosine phosphorylated (data not shown, but a similar finding also shown in Fig. 1, B, lanc 8).

Following immunoprecipitation of tissue lysate depleted of tyrosine-phosphorylated proteins
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with anti-FAK antibody, there was no FAK detected , while FAK was detected in the control lysate
that was treated with protein G-Sepharose instead of PY20-Sepharose, indicating that most FAK was
tyrosine-phosphorylated in the normal artery (Fig. 1, B). The same type of experiment conducted for
paxillin demonstrated that all paxillin was tyrosine-phosphorylated in the normat artery (data not
shown).

The aorta and the carotid artery contained more tyrosine-phosphorylated FAK than the inferior
vena cava and the heart (Fig. 1C). The artery showed the greatest FAK content among the tissues
tested, followed by the lung and the liver. As reported before[16], the kidney and the skeletal muscle
had only small FAK content (Fig. 1C). Immunoprecipitation with anti-FAK antibody (data not shown)
yielded the tissue distribution of FAK similar to those obtained by immunoprecipitation with PY20
(Fig. 1C).

Balloon injury of the carotid artery decreased the content of tyrosine-phosphorylated FAK and
paxillin (Fig.2A). This decrease was detected as early as 24 h after the injury (Fig.2 B,C), through 17
days after the injury(Fig 2A, D), the last time point we examined. Immunoprecipitation with anti-FAK
antibody revealed decrease of FAK protein (Fig 2 C) cquivalent to the decrease of tyrosine-
phosphorylated FAK detected by immunoprecipitation with anti-phosphotyrosine antibody (Fig 2 B),
suggesting that the decrease was not due to the dephosphorylation of FAK or paxillin, but due to
decrease of the content of these proteins themselves. The content of tyrosine-phosphorylated FAK and
paxillin in the aorta deendothelialized ex vivo (Fig 2 E) was not diflerent from that in the non-
deendothelialized aorta, indicating that the decrease in FAK alter the balloon injury was not due to loss

of endothelial cells.

Discussion

In this study, we demonstrated that FAK and paxillin are two major tyrosine phosphorylated
proteins in the normal rat artery, and characterized these proteins in the artery; most of these proteins
are tyrosine phosphorylated in the normal artery; the artery contains larger amount of tyrosine-
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phosphorylated FAK than the other components of the circulatory system; and balloon injury of the
carotid artery decreases the content of these proteins. These findings suggest an important role of FAK
and paxillin both in maintaining the normal structurc and [unction of the artery, and in the
development of vascular dysfunction after injury.

Most of the FAK and paxillin were tyrosine phosphorylated in the arterial wall as indicated by
the failure to detect FAK or paxillin alter immunodcpletion of tyrosinc-phosphorylated proteins. It is
possible that FAK or paxillin arc not tyrosine phos/phorylulcd themselves, but arc associated other
tyrosine-phosphorylated proteins, and removed by immunoprecipitation with anti-phosphotyrosine.
However, this is not likely because each of FAK and paxillin was tyrosine phosphorylated when it was
immunoprecipitated with anti-FAK and anti-paxillin, respectively, and probed with anti-
phosphotyrosine, and because the major tyrosine-phosphorylated protein was FAK or paxillin
following the anti-FAK or anti-paxillin immunoprecipitation (data not shown).

It is interesting that the artery contained more FAK than the vein, while both consist a
continuous circulatory system. This difference in FAK content may be partly explained by the
difference in the blood pressures 10 which the artery and the vein arc exposed, since the vein becomes
arterialized when it is connected to the artery and exposed to a higher blood pressure [17). This
possibility is also supported by the obscrvation that tyrosine phosphorylation of FAK in the heart is
affected by the intraventricular pressure [ 14]. The difference of blood pressure may excrt its clfect
directly through biomechanical sensors [ 18], indirectly through change in the matrix components[8 —
9], or through generation of molecules such as PDGF [10], insulin-like growth lactor-I [11], thrombin
[12], and angiotensin II [13]. Our finding that the artery is abundant in FAK accords with a previous
report that the artery is a major tissuc expressing FAK during the carly development[16].

FAK and its tyrosine phosphorylation are implicated in the cardiac hypertrophy induced by
pressure overload [14], in the scnsing shear stress and subsequent increase of NO production by the
endothelium {3], and in the survival of the cell [4]. Deficiency of FAK changes cell adhesiveness and
cell motility, and causes lethal phenotype in FAK-knockout mice[19]. These reports suggest that the
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tyrosine phosphorylation of these proteins plays an important role in signal transduction tl}ough the

focal adhesion in the artery.

The vascular injury decreased the content of FAK and paxillin in the injured artery. This
decrease was not solely duc o the endothelial loss, since deendothelialization of excised aortas did not
decrease the content of FAK. One potential mechanisi of this decrease is that via growth factors
generated at the injury sites. Insulin and insulin-like growth factor-I decrease tyrosine phosphorylation
of FAK through insulin receptor in vitro [20]. However, there is no evidence that insulin receptor is
activated in injured arteries. Most of other growth factors increase tyrosine phosphoryiation of FAK [8
— 14]. More likely is that thc mcchanical stretch associated with the ballooning disturbed the
interaction between smooth muscle integrins and the extracellular matrix, dephosphorylated FAK and
paxillin, and subsequently decreased the content of these proteins. Detachment of cells from the matrix
dephosphorylated FAK in vitro [21]. Based on the observation that balloon injury causes change of the
matrix composition and smooth muscle integrins, it has been pointed out that signals transmitted
through focal adhesion may play an important role in the development of restenosis alfter balloon
angioplasty[22]. Our study provides new evidence that balloon injury impairs the intracellular

signaling pathway of signals transmitted through the focal adhesion.
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Figure legends

Figure 1. Western blot analysis of tyrosine-phosphorylated proteins in arterial tissue lysates.

A: Tissue lysate of the aorta (AO, lanes 1, 3, and 5) and the carotid artery (CA, lanes 2, 4, and 6) was
immunoprecipitated with PY20, and then analyzed by Western blotting. Three antibodics, PY20 (lancs
1 and 2), anti-FAK (lanes 3 and 4), and anti-paxillin (lanes 5 and 6) were applied sequentially to the
same nitrocellulose membrane. Arrows indicate positions of FAK and paxillin. Molecular sizes are
indicated on the left. B: Tyrosine-phosphorylated proteins in tissue lysates of the aorta were depleted
by repeated immunoprecipitation with PY20-Sepharose beads (lanes 1-3, and 9-11), and then FAK
was immunoprecipitated with anti-FAK antibody (lancs 4 and 12). In control determinations, the tissue
lysates were treated with protein-G Sepharose instead of PY20-Sepahrose (lanes 5-7, and 13-15), and
then FAK was immunoprecipitated (lane 8, 16). The nitrocellulose membrane was probed sequentially
with PY20 (lanes 1-8) and anti-FAK antibody (lanes 9-16). C: FAK was immunoprecipitated with
PY?20 from various tissucs, and detected with anti-FAK antibody.

Figure 2. Effects of balloon injury. A: Seventecn days after deendothelialization of the left carotid
artery with a balloon catheter, the right (cont) and left (injured) carotid arteries were excised, and
tyrosine-phosphorylated proteins were analyzed as described in the legend to Fig. 1. The lysate was
immunoprecipitated(IP) with PY20 and probed with the same antibody. Arrows indicate positions of
FAK, paxillin and the antibody(IgG). Molecular sizcs are indicated on the left.  B: Twenty-four h
after the balloon injury, FAK was immunoprecipitated with PY20, and probed with anti-FAK. C:
Twenty-four h after the balloon injury, FAK was immunoprecipitated with anti-FAK, and probed with
the same antibody. D: The same nitrocellulose membrane as in A was reprobed with anti-FAK and
anti-paxillin antibodies. E: Ex vivo deendothelialization. The aorta was cut into two halves
longitudinally. Endothelial cells of one half were removed ex vivo, and FAK was immunoprecipitated

with PY20, and probed with anti-FAK.
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