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Abstract—Endothelial cells (ECs) line the innermost of the
blood vessel wall and are constantly subjected to shear stress
imposed by blood flow. ECs were also influenced by the
neighboring vascular smooth muscle cells (VSMCs). The
bidirectional communication between ECs and VSMCs
modulates vascular homeostasis. In this study, the involve-
ment of histone deacetylase 6 (HDAC6) in modulating
migration of ECs co-cultured with VSMCs by the normal
level of laminar shear stress (NSS) was investigated. ECs was
either cultured alone or co-cultured with VSMCs under static
conditions or subjected to NSS of 15 dyne/cm2 by using a
parallel-plate co-culture flow chamber system. It was dem-
onstrated that both NSS and VSMCs could increase EC
migration. The migration level of ECs co-cultured with
VSMCs under NSS was not higher than that under the static
condition. The process of EC migration regulated by VSMCs
and NSS was associated with the increased expression of
HDAC6 and low level of acetylated tubulin. The increase in
HDAC6 expression was accompanied by a time-dependent
decrease in the acetylation of tubulin in ECs co-cultured with
VSMCs. Inhibition of the HDAC6 by siRNA or tributyrin,
an inhibitor of HDACs, induced a parallel alteration in the
migration and the acetylated tubulin of ECs co-cultured with
VSMCs. It was observed by immunofluorescence staining
that the acetylated tubulin was distributed mostly around the
cell nucleus in ECs co-cultured with VSMCs. The results
suggest that the NSS may display a protective function on the
vascular homeostasis by modulating EC migration to a
normal level in a VSMC-dependent manner. This modula-
tion process involves the down-regulation of acetylated
tubulin which results from increased HDAC6 activity in ECs.
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INTRODUCTION

Endothelial dysfunction, including the elevation of
permeability and migration, plays a crucial role in all
stages of atherosclerosis.6,20 Pathological studies have
shown that atherosclerotic lesions occur preferentially
at vessel branch points, bifurcations and regions of
high curvature, suggesting that low and disturbed
shear stress is an inducer in atherogenesis, whereas
the normal level of laminar shear stress (NSS) is
atheroprotective.3,9

Many studies have shown that flow shear stress cau-
ses an increase in endothelial cell (EC) migration.13,28,32

However, all these studies used the monolayer of ECs
cultured alone as an experimentalmodel, whichmay not
accurately reflect the environment of ECs in vivo. ECs
and vascular smooth muscle cells (VSMCs) are neigh-
bors to each other in the vessel wall. The interaction
between ECs and VSMCs plays an important role in
maintaining the normal vascular structure and func-
tion.15,23,34,35 It had been demonstrated that ECs mod-
ulateVSMCmigration in a co-culture systemofECs and
VSMCs.34 However, we have a particular interest in the
migration behavior of ECs under NSS and its mecha-
nisms in such co-culture system.

Cell migration is a multistep process which includes
the protrusion of the leading edge, the formation of
new adhesions at the front, the contraction of the cell,
and the release of adhesions at the rear. Each step has a
close relation with three types of cytoskeleton.24 When
ECs were treated with taxol to change the stability of
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microtubule, the protrusion of lamellipodia and the
migration speed of ECs are all reduced. Furthermore,
microtubule depolymerization leads to the rapid for-
mation of stress fibers and adhesion plaques in phorbol
ester-treated fibroblasts.10 These results showed that a
suitable level of microtubule polymerization may be
necessary for the migration of ECs. Acetylated tubulin
is one of the characteristics of stabilized microtubules.
Reversible acetylation on the e-amino group of
a-tubulin Lys40 marks stabilized microtubule struc-
tures and may contribute to regulating microtubule
dynamics.25 It has been demonstrated histone deace-
tylase 6 (HDAC6), one member of the class II HDACs,
is mainly present in the cytoplasm and participates in
the control of acetylation of cytoplasmic proteins.16

The discovery of a-tubulin as a HDAC6 substrate was
an important step forward to understand the mecha-
nisms controlling tubulin acetylation.14 As acetylated
tubulin has been shown to regulate cell motility in
some cases,21,26 it is reasonable to hypothesize that
HDAC6 and actylated tubulin may be involved in the
migration of ECs modulated by NSS and VSMCs.

In the present study, the effects of NSS and
co-cultured VSMCs on EC migration were investi-
gated. Subsequently, it was demonstrated whether
HDAC6, a unique enzyme, was involved in the process
of EC migration through regulation of the acetylation
level of tubulin. These studies may help to explain the
atheroprotective effect of NSS on the migration of ECs
and its underlying mechanism.

MATERIALS AND METHODS

Cell Culture

ECs and VSMCs were isolated from fresh human
umbilical veins as described previously.34 ECs and
VSMCs between passages 2–7 were used in all experi-
ments. Cell populations with more than 95% purity
were used in all experiments. The investigation com-
plies with the principles outlined in the Declaration of
Helsinki for use of human tissue.

EC-VSMC Co-culture Model and NSS Loading

A co-culture model was established using a cell
culture insert which has a 10 lm thick porous poly-
ethylene terephthalate (PET) membrane (BectonDic-
kinson Labware, NJ) as described previously.34 Briefly,
each PET membrane contains 1.6 million pores/cm2,
and each pore is 0.4-lm in diameter. ECs were first
seeded onto the outer side of the PET membrane at a
density of 3 9 105 cells/cm2. After allowing 4–5 h for
attachment, the membrane was placed with the EC side

down into a 6-well plate containing the completed
culture medium, and then VSMCs were seeded on the
inside of themembrane at a density of 1 9 105 cells/cm2.
ECs and VSMCs were maintained in their respective
medium and grown to confluence.

To introduce NSS to the ECs side of the co-culture
model, the co-culture insert and parallel-plate flow
chamber were assembled into a parallel-plate co-culture
flow chamber system as described previously.34 The
design and construction of the chamber are illustrated in
Fig. 1. In the test section of the chamber system, the
flow path is 28 mm in width (w) and 0.2 mm in height
(h). Shear stress (s) intensity (dyne/cm2) was calculated
by using the formula s = 6lQ/wh2, where l is the vis-
cosity of the medium and Q is the flow rate (milliliters
per second). NSS produced by the chamber in the
present study was estimated to be 15 dyne/cm2 and
applied to the ECs side. Flow-loading experiments were
performed at 37 �C and 5% CO2 in a humidified incu-
bator, and maintained at pH 7.4.

Four experimental groups were divided: (1) a con-
trol group, Ø/EC, ECs cultured alone under the static
condition; (2) VSMC/EC group, ECs co-cultured with
VSMCs under the static condition; (3) Ø/EC + NSS
group, NSS was applied to the EC side of Ø/EC; (4)
VSMC/EC + NSS group, NSS was applied to the EC
side of VSMC/EC.

Transwell Migration Assay

EC migration was performed with Transwell system
(Costar Inc), which allows cells to migrate through the
microporous membrane with a pore size of 8 lm,
which constitutes the bottom of Transwell insert in
6-well plates as described previously.22 Briefly, ECswere
trypsinized from the co-culture model, washed, and
resuspended in serum-free M199 after being cultured
alone or with VSMCs under the static or NSS condi-
tions for 12 h. Then, the EC suspension was added to
the upper compartment of the Transwell insert at a

FIGURE 1. Schematic diagram of the test section of the
parallel-plate flow chamber system for the co-culture of ECs
and VSMCs (adapted from Wang et al.34).
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concentration of 2 9 105 cells/well, and the lower
compartment was filled with 600 lL M199 containing
50% heat-inactivated FBS to serve as the chemo-
attractant.17,22 After 6 h of incubation, the cells which
remained in the upper side of the microporous mem-
brane were removed with a cotton swab, and cells that
had migrated to the lower side of the microporous
membrane was stained with Mayer’s Hematoxylin, and
the number of migrated cells was counted under a
microscope (magnification, 2009, Olympus IX71,
Japan). For each group, 12 randomly chosen fields
from duplicate wells were photographed. At least
three independent experiments were performed for
each group.

Inhibitor Studies

For inhibitor studies, tributyrin, a pharmacological
specific inhibitor of HDAC was prepared. DMSO, a
solvent for tributyrin, was present at equal concentra-
tions in all groups, including the control. ECs were
treated with tributyrin (8 lmol/L, Sigma) or vehicle
(1% FBS/medium + DMSO) for 1 h before co-cultur-
ing with VSMCs. The tributyrin or DMSO was kept in
the medium throughout the experiment.19

HDAC6 Knockdown by siRNA

ECs were transfected with 100 nmol/L of HDAC6
siRNA (GenePharma) or scrambled siRNA (Gene-
Pharma) for 4 h using lipofectamine 2000 (Invitrogen)
in Opti-MEM media (Gibco) according to the manu-
facturer’s instruction. The sequence of siRNA oligo is
as follows: HDAC6 siRNA: sense 5¢-CUU CGA AGC
GAA AUA UUA ATT-3¢ and anti-sense 5¢-UUA
AUA UUU CGC UUC GAA GTG-3¢; scramble
siRNA: sense 5¢-UUC UCC GAA CGU GUC ACG
UTT-3¢ and anti-sense 5¢-ACG UGA CAC GUU
CGG AGA ATT-3¢.

Fluorescence Microscopy

After ECs were cultured with or without VSMCs on
the outer side of the co-culture insert for 12 h, the
VSMCs located at the inner side of the insert were
removed with a cotton swab, and the ECs were fixed
for 30 min in 2% formaldehyde in PBS, permeabilized
in 0.2% Triton X-100/PBS and blocked with 10% goat
serum. The cells were stained with an antibody against
the acetylated tubulin (1:500, Sigma) followed by
FITC-conjugated goat anti-mouse IgG (Jackson
Immunoresearch). Images were acquired using a con-
focal microscope (LSM 510 METALaser Scanning
Microscope, Zeiss, Germany).

SDS-PAGE and Western Blot Analysis

EC lysates were prepared and analyzed by Western
blot as previously described.34 Proteins (30 lg/lane)
were fractionated by SDS-PAGE on a 10% acrylamide
gel under reducing conditions and blotted onto nitro-
cellulose membrane (Amersham). And the membrane
was incubated with polyclonal antibodies against
HDAC6 (1:1000, Cell Signaling Technology), goat
polyclonal against GAPDH (1:500, Santa Cruz Bio-
technology) and monoclonal antibody against acety-
lated tubulin (1:1000, Sigma).

Statistical Analysis

Each experiment was performed at least in tripli-
cates, and all values were expressed as mean ± SD.
The student’s t-test was used to compare two groups
and ANOVA was used for comparisons between
multiple groups. Values of p< 0.05 were accepted as
statistically significant.

RESULTS

The Effects of NSS and VSMCs on EC Migration

In present study, ECs cultured either in the presence
(VSMC/EC) or absence (Ø/EC) of VSMCs were sub-
jected to NSS of 15 dyne/cm2 or kept in the static for
12 h respectively and then EC migration was evaluated
using the Transwell assay. As shown in Fig. 2A, ECs
co-cultured with VSMCs in the static showed an
increase inmigration as compared toECs cultured alone
(p< 0.05, VSMC/EC vs. the control Ø/EC, Fig. 2B).
The application of NSS to ECs cultured alone also
promoted EC migration (p< 0.05, Ø/EC + NSS vs.
Ø/EC, Fig. 2B). However, the migration of ECs
co-cultured with VSMCs and subjected to NSS not
only was not increased than that of ECs cultured alone
with application of NSS (p> 0.05, VSMC/EC + NSS
vs. Ø/EC + NSS, Fig. 2B), but it also was significantly
diminished in comparison with ECs co-cultured with
VSMCs in the static (p< 0.05, VSMC/EC + NSS vs.
VSMC/EC, Fig. 2B). The results clearly demonstrate
that NSS and VSMCs could promote migration of ECs
separately, but the presence of NSS inactivates the
effect of VSMCs on EC migration.

The Effects of NSS and VSMCs on Expression
of HDAC and Acetylated Tubulin in ECs

We hypothesize that themodulation of ECmigration
by NSS and VSMCs is through activation of HDAC6
expression in ECs, and then down-regulation acetylated
tubulin, which leads to a less stable microtubule
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network and an accelerated treadmiling process. The
expression of HDAC6 and acetylated tubulin in ECs
was examined in order to confirm this hypothesis. As
shown in Fig. 3A, there was a significant increase of
the HDAC6 expression in ECs co-cultured with
VSMCs for 12 h compared with the ECs cultured alone
(p< 0.05, VSMC/EC vs. the control Ø/EC, Fig. 3A).
When NSS was applied to ECs which were cultured
alone, the increased expression of HDAC6 in ECs was
also detected (p< 0.05, Ø/EC + NSS vs. the control
Ø/EC, Fig. 3A). However, the HDAC6 level of ECs
co-cultured with VSMCs under NSS was no more than
that of EC cultured alone under NSS (p> 0.05,
VSMC/EC + NSS vs. Ø/EC + NSS). Contrast to
HDAC6, the co-cultured ECs showed nearly 45%

lower of acetylated tubulin protein expression com-
pared with the control Ø/EC (p< 0.001, Fig. 3A).
While the NSS was applied to the ECs co-cultured with
VSMCs, the tubulin acetylation in ECs was close to the
level of ECs cultured alone under NSS (p> 0.05,
VSMC/EC + NSS vs. Ø/EC + NSS, Fig. 3A), which
had been reduced by about 20% of tubulin acetylation
compared with ECs cultured alone (p< 0.05, Ø/EC +
NSS vs. Ø/EC, Fig. 3A). The results show that
HDAC6 activation and associated down-regulation of
microtubule acetylation in ECs are induced by VSMCs
and NSS respectively. However, the presence of NSS

FIGURE 2. The effects of NSS and VSMCs on migration of
ECs. (A) EC migration was detected by Transwell assay.
Representative microscopic images of ECs had migrated to
the bottom of the Transwell insert illustrate how NSS and
VSMCs affected EC migration; 2003 magnification. (a) ECs
cultured alone in the static (the control, Ø/EC); (b) ECs cul-
tured alone with NSS (Ø/EC + NSS); (c) ECs co-cultured with
VSMCs were maintained in the static (VSMC/EC); (d) ECs
co-cultured with VSMCs were exposed to NSS for 12 h (VSMC/
EC + NSS). (B) Histogram shows fold change in EC migration
relative to the control. Values shown are the mean 6 SD for
each group from at least three independent experiments.
* p < 0.05 vs. the control Ø/EC, and # p < 0.05 vs. VSMC/EC.

FIGURE 3. The effects of NSS and VSMCs on expression of
HDAC6 and acetylated tubulin in ECs. ECs cultured either in
the presence (VSMC/EC) or absence (Ø/EC) of VSMCs were
subjected to a shear stress of 15 dyne/cm2 or kept in the static
for 12 h. The expression of HDAC6 and acetylated tubulin was
determined by Western blot (A). The expression of HDAC6
and acetylated tubulin proteins in ECs was presented as band
densities (normalized to the GAPGH protein levels). The
results shown are mean 6 SD from three independent
experiments. * p < 0.05 vs. the control Ø/EC, # p < 0.01 vs.
VSMC/EC. (B) The distribution of acetylated tubulin in ECs
was showed by immunofluorescence. (a) ECs cultured alone
in the static; (b) ECs co-cultured with VSMCs were maintained
in the static. Bar 5 10 lm.
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could protect against VSMCs regulation of HDAC6
and acetylated tubulin expression in ECs.

The distribution of acetylated tubulin in the ECs
between each group was also examined. ECs were fixed
and the acetylated tubulin distribution was observed
through immunostaining and examined subsequently
by confocal microscopy. The acetylated tubulin in ECs
cultured alone in the static, as seen in Fig. 3Ba, was
universal in the cytoplast of the cells. However, the
acetylated tubulin in ECs co-cultured with VSMCs was
distributed mainly around the nucleus of the cell
(Fig. 3Bb).

These results demonstrate thatHDAC6 up-regulation
is associated with down-regulation of the acetylated
tubulin in ECs co-cultured with VSMCs.

VSMCs Modulate the Expression of HDAC6
Associated with Down-regulation of Acetylated

Tubulin in ECs is Time-dependent

The previous results demonstrated that HDAC6
up-regulation accompanied the down-regulation of
acetylated tubulin in ECs co-cultured with VSMCs at
12 h. Subsequently, the relationship between the
expression of HDAC6 and acetylased tubulin was
determined at other time points. Figure 4a shows that
the expression of the HDAC6 was increased slightly in
the ECs co-cultured with VSMCs at 5 min, and the
level of HDAC6 expression increased steadily up to 6 h
(Fig. 4b, p< 0.001). The increase in HDAC6 expres-
sion (maximal induction of nearly 3-fold to the control
in Fig. 4b) was associated with a gradual decrease in
the acetylation of tubulin, with a minimal expression
(nearly 50% down-regulation, p< 0.001 vs. the con-
trol Ø/EC, Fig. 4b) at 6 h in the ECs co-cultured with
VSMCs. These results show that VSMCs increase the
expression of HDAC6 associated with down-regulation
of acetylated tubulin in ECs, which is in a time-
dependent manner.

Silencing HDAC6 Modulating VSMC-induced
Migration and Microtubule Acetylation in ECs

Whether or not HDAC6 was responsible for
VSMCs mediated EC migration was examined by
using an HDAC pharmacological inhibitor, tributyrin,
and an HDAC6 specific siRNA transfection respec-
tively. ECs were incubated with tributyrin for 1 h at
dose of 8 lmol/L prior to co-culturing with VSMCs.
As shown in Fig. 5a, this treatment resulted in signif-
icant inhibition of HDAC6 protein level in the ECs
(Fig. 5a, p< 0.05) as well as EC migration (Figs. 6a,
6c, and 6e, p< 0.001). Similar results were obtained
when specific siRNA for HDAC6 was used. HDAC6
protein level was significantly reduced in the ECs

co-cultured with VSMCs in the static by siRNA of
HDAC6, but not by scramble siRNA as determined by
Western blot (Fig. 5b, p< 0.05), which showed its
specificity for HDAC6. Silencing HDAC6 significantly
inhibited the VSMC enhanced-EC migration (Figs. 6b,
6d, and 6f, p< 0.05) and with a concomitant elevation
of acetylation level of tubulin in the ECs (Fig. 5b,
p< 0.05). These results strongly suggest that HDAC6
play an important role on the migration of ECs mod-
ulated by VSMCs through regulation of the acetylated
level of tubulin.

DISCUSSION

Our present study provide a systematic analysis of
the relationship between the expression of HDAC6,
the acetylation level of tubulin, and the migration of
ECs, which were co-cultured with and without VSMCs

FIGURE 4. Time course of HDAC6 and acetylated tubulin
expression in ECs activated by the co-cultured VSMCs in the
static. ECs were kept as the control (Ø/EC) or co-cultured with
VSMCs (VSMC/EC) for the times indicated in the static.
Expression of HDAC6 and acetylated tubulin were determined
by Western blot analysis. The amount of HDAC6 and acety-
lated tubulin proteins in VSMC/EC was presented as band
densities (normalized to the GAPDH protein level). The results
shown are mean 6 SD from three independent experiments.
* p < 0.05, # p < 0.01 vs. the control Ø/EC.
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under both static conditions or in response to NSS. In
this study, the results clearly demonstrate that NSS
and VSMCs could induce an increase of ECs migration
separately, but NSS could inactivate the effect of
VSMCs on EC migration. In other words, NSS pro-
tects against the migration of ECs co-cultured with
VSMCs to maintain the endothelial function at a
normal level. HDAC6 plays an important role in this
process through down-regulation of the acetylation
level of tubulin.

Flow shear stress is sensed by the endothelium and
plays an important role in normal physiological
responses as well as disease pathologies. Many studies
have shown that flow shear stress causes an increase in
the migration of ECs.13,28,32 This is consistent with our
findings that NSS and VSMCs could promote EC
migration separately. But EC migration is not
increased accumulatively when NSS and VSMCs act
together on ECs. In our study, the effect of shear stress
on EC migration appears to be conflictive with others

at first glance. Virtually, all other studies of increase in
EC migration used the monolayer of ECs cultured
alone, which may not simulate the environment of ECs
in vivo. A physical contact, via myoendothelial bridges,
between ECs and VSMCs has been demonstrated
in vivo.29 Increasing studies in vitro have confirmed that
bidirectional cross-talk and paracrine effect between
ECs and VSMCs may influence ECs response to
hemodynamic forces and affect VSMCs function.8,34

Therefore, it is necessary to investigate the role of flow
shear stress in modulating EC function, including
migration, in the presence of VSMCs. In the current
study, a parallel-plate co-culture flow chamber system
was used, which provides a very close interface
between ECs and VSMCs and mimics the environment
of ECs in vivo. Generally, the phenotype of VSMCs
used in experiments in vitro is synthetic.8,31 After
changing from contractile phenotype to the synthetic,
VSMCs would release some growth factors to interact
with ECs lining the vessel wall and could affect EC

FIGURE 5. The up-regulation of acetylated tubulin in ECs
co-cultured with VSMCs by inhibition of the activity of HDAC6
using tributyrin (a) or specific siRNA (b). The cell lysates were
immunoblotted with anti-HDAC6, anti-acetylated tubulin, anti-
GAPDH antibodies. ECs co-cultured with VSMCs maintained
in the static for 12 h before assay. Quiescent ECs were pre-
treated with or without tributyrin (8 lmol/L) for 1 h (the DMSO
or tributyrin was maintained during experiment time and the
transwell assay), or transfected with control siRNA or a spe-
cific siRNA of HDAC6 (100 nmol/mL) for 24 h. Values shown
are the mean 6 SD for each group from at least three inde-
pendent experiments. * p < 0.05 vs. the control VSMC/EC +
DMSO in (a); * p < 0.05 vs. the control VSMC/EC + negative
siRNA in (b).

FIGURE 6. Inhibition of HDAC6 activity by tributyrin or spe-
cific siRNA for HDAC6 decreased the migration of ECs.
Micrographs of migrating ECs treated with DMSO (a), niRNA
(b), tributyrin (c) and specific siRNA (d), respectively, 2003
magnification. Histograms shown are fold change in EC
migration, and the treatments are as indicated in (e) and (f).
Values shown are the mean 6 SD for each group from at least
three independent experiments. * p < 0.001 vs. the control
VSMC/EC + DMSO, # p < 0.01 vs. the control VSMC/EC + neg-
ative siRNA.
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growth, migration, and survival.1 However, Tsai
et al.31 have shown that application of shear stress to
ECs could induce synthetic-to-contractile phenotypic
modulation in VSMCs. The contractile phenotypic
VSMCs secrete less growth factors than that of syn-
thetic ones,2 which results in the inactivated migration
of co-cultured ECs under NSS. Moreover, Otero
et al.20 and Tressel et al.30 reported that the vascular
permeability and EC migration were heightened during
EC dysfunction process when the local hemodynamic
force sensed by ECs was low and disturbed shear stress
abnormally. The present study showed the presence of
NSS inactivates the effect of VSMCs on EC migration.
The result suggests that NSS is beneficial to main-
taining the endothelial homeostasis.

Cell migration is a multistep process which includes
the protrusion of the leading edge, the formation of
new adhesions at the front, the contraction of the cell,
and the release of adhesions at the rear. Each step has a
close relation with three types of the cytoskeleton,
microtubules, actin microfilaments and intermediate
filaments.4,12,33 Dynamic microtubules are crucial for
modulating cell motility,5 and the adaptation of cell to
vary of mechanical level.27 Microtubule destabilization
significantly enhanced aspects of their motility.5 Acet-
ylation plays a role in the maintenance of stable pop-
ulations of microtubules.7 Therefore, we hypothesized
that the changed acetylation level of tubulin may
participate in the NSS and VSMCs regulated migra-
tion of ECs. In our study, it was demonstrated that
NSS and VSMCs could inhibit acetylation level of
tubulin in ECs, and the migration of ECs was
decreased when tubulin was hyperacetylated which was
induced by either genetic or pharmacological inhibi-
tion of HDAC6. Treatment with tributyrin, one of
HDAC inhibitors which yield hyperacetylated tubulin,
was found to equivalently downregulate EC migration
which had been promoted by VSMCs. From these
data, the hyperacetylation of tubulin appears to be
both necessary and sufficient to decrease cell motility.

HDACs, which were discovered as chromatin-
modifying enzymes, are a huge family including three
subtypes and over ten members. Among them,
HDAC6 is a unique enzyme that is essentially cyto-
plasmic and participates in the control of the acetyla-
tion of cytoplasmic proteins,16 including tubulin.14 It
could be possible that HDAC6 itself alters microtubule
stability and then affect the EC motility. HDAC6 was
also found to highly expressed in the testis, and con-
tributes to the dynamic changes in microtubule con-
figurations of the cells. In addition to microtubule
acetylation changes, other proteins such as Hsp 90 and
cortactin have been reported to have increased acety-
lation or altered activity when HDAC6 is inhibited or

deleted from cells which also mediates cell adhesion
and motility.18,36 HDAC6-dependent control of cell
migration could involve the actin cytoskeleton by
altering the acetylation level of cortactin,36 or link
actin filaments and microtubule dynamics through its
interaction with form in homology proteins, mDia1
and mDia2, which control actin polymerization.11 In
the present study, we found that ECs co-cultured with
VSMCs or subjected to NSS experience enhanced
HDAC6 expression accompanied by changes of EC
migration and expression of acetylated tubulin. Fur-
thermore, pharmacological or genetical inhibition of
HDAC6 activity also decreased the EC migration.
Thus, our results are consistent with the role of
HDAC6 protein in determining the dynamic charac-
ters of microtubule and the motile properties of ECs.

In summary, our findings indicate that the applica-
tion of NSS or co-culturing with VSMCs indepen-
dently cause the stimulation of EC migration.
However, instead of producing a cumulative effect,
ECs migration is significantly diminished when both
NSS and co-culturing are applied simultaneously. Our
results highlight the relevance of tubulin acetylation in
mediating cell motility through a HDAC6-dependent
manner. VSMC/EC interaction is required for the
activation of HDAC6, which plays a key role in EC
migration. It is shown that NSS could modulate
migration of ECs co-cultured with VSMCs to a normal
level, which exerts a protective role in maintaining the
vascular endothelial function at a homeostaic state.
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