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Aim: To investigate the synergistic action of L-carnitine (LC) and taurine (TAU) on the proliferation and osteoblastic differentiation of

vascular smooth muscle cells (VSMCs).

Methods: DNA and protein synthesis of VSMCs were assessed using scintillation counting. Alkaline phosphatase (ALP) activity and cal-
cium content were determined to investigate the effects of LC and TAU on the osteoblastic differentiation and mineralization of VSMCs.
TAU uptake by VSMCs was assayed. RNA interference was used to down-regulate the expression of the TAU transporter (TAUT) in rat

VSMCs.

Results: LC and TAU synergistically inhibited the proliferation and B-glycerophosphate (B-GP)-induced osteoblastic differentiation of
VSMCs as evidenced by the decreased [*H]thymidine incorporation, ALP activity and calcium deposition. Furthermore, LC stimulated
the TAU uptake and TAUT expression in VSMCs. Suppression of TAUT with short hairpin RNA (shRNA) abolished the synergistic action of

LC and TAU in VSMCs.

Conclusion: The synergistic inhibitory action of LC and TAU on the proliferation and osteoblastic differentiation of VSMCs is attributable

to the up-regulation of TAUT expression and TAU uptake by LC.
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Introduction

Atherosclerosis is one of the leading causes of cardiovascular
disease. In human atherosclerosis cases, thickening of the
vessel wall intima has been observed, and the constituents of
atherosclerotic lesions, which are composed of lipid deposits,
macrophages and vascular smooth muscle cells (VSMCs), have
been described. VSMCs represent the principal mesenchymal
cell in human atherosclerotic plaques!"!. The accelerated prolif-
eration of VSMCs has been suggested to be a central and char-
acteristic feature of atherogenesis[2'4]. Vascular calcification, a
prominent feature of atherosclerosis, has been considered an
organized and regulated process, similar to mineralization in
bone tissue™ . The osteoblastic differentiation of VSMCs is
currently considered responsible for the formation of vascular
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calcification.

Taurine (TAU; 2-aminoethanesulfonic acid) is a sulfur-
containing free f-amino acid in mammals. Various physi-
ological roles of TAU have been suggested, including calcium
modulation, membrane stabilization, intracellular osmotic
regulation and the regulation of protein phosphorylation”~'2.
TAU is necessary for normal development, and its deficiency
leads to defects in growth, tissue differentiation, and immune
development. A worldwide epidemiological study revealed
a strong inverse association between the levels of TAU excre-
tion in a population and their mortality due to ischemic heart
disease. This result suggested that TAU intake could be
effective in preventing cardiovascular disease™. Murakami
et al' showed that TAU prevented the progression of athero-
sclerosis in rabbits, indicating its potential therapeutic role in
atherosclerosis. Moreover, our previous study demonstrated
that TAU transporter (TAUT) was expressed in VSMCs!".
Furthermore, previous evidence suggested that TAU plays
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an important role in the function of VSMCs by inhibiting the
proliferation and preventing the B-glycerophosphate (B-GP)-
induced calcification of these cells"***!,

L-carnitine (LC), a trimethylated amino acid, roughly
similar to choline in structure, is a cofactor required for the
transformation of free long-chain fatty acids into acylcarniti-
nes and for their subsequent transport into the mitochondrial
matrix, where they undergo B-oxidation for cellular energy
production™ ",
exogenous supplementation of LC include cardiovascular

The conditions that appear to benefit from

disease, anorexia, chronic fatigue, diphtheria, hypoglycemia,
male infertility, muscular myopathies, Rett syndrome, dialy-

[21]

sis, preterm infants and HIV-positive individuals Previ-

ous data documented that LC has a strong anti-atherogenic
potential®%!,

The present study was undertaken to determine whether LC
and TAU can synergistically regulate VSMC proliferation and

calcification and to examine the possible mechanisms.

Materials and methods

Materials

[PH]TAU (specific activity 1.11x10"* Bq/mmol) was pur-
chased from Amersham International (Buckinghamshire,
UK). TAUT polyclonal affinity-purified IgG was purchased
from ADI (Alpha Diagnostic Intl, Inc, USA). Three-month-
old male Sprague-Dawley rats (Grade II, weighing 200-250 g)
were purchased from the Animal Center, the Second Xiang-Ya
Hospital of Central South University. All animal experiments
were conducted according to the National Research Council’s
guidelines. The certificate number of the animal breeder is
20020047.

Cell culture

Rat VSMCs were obtained by an explant method described by
Campbell and Campbell®!. Briefly, a fragment of rat thoracic
aorta was stripped of intima and adventitia. The remaining
medial layer was cut into small pieces, placed in Dulbecco’s
modified Eagle’s medium (DMEM) containing 4.5 g/L glucose,
10 mmol/L sodium pyruvate, and 20% FBS supplemented
with 100 U/mL of penicillin and 100 pg/mL of streptomycin,
and incubated at 37 °C in a humidified atmosphere containing
5% CO,. After 5-7 d, cells migrated from the explants, and the
explant fragments were removed after 15 d of culture. Vascu-
lar smooth muscle cells were passaged every 3 or 4 d, and all
experiments were performed between passages 3 and 6 from
the primary culture. The VSMC phenotype was confirmed by
positive immunostaining of a-smooth muscle actin.

VSMCs do not spontaneously calcify in culture®!. There-
fore, at about 80% confluence, cells were placed into the cal-
cifying medium consisting of the growth medium described
above supplemented with 10 mmol/L B-GP™. The media
were replaced with fresh media every 2 or 3 d. The transfor-
mation to calcifying cells was characterized by the appearance
of the multilayer nodules undergoing calcification detected by
Alizarin Red S staining.
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DNA and protein synthesis assay

DNA and protein synthesis were assessed using scintilla-
tion counting to measure the incorporation of [’H]thymidine
(7.4x10* Bq/mL) or [*H]leucine into DNA or protein, respec-
tively, as previously described™".
at a density of 2x10*/well in 24-well plates, cultured in growth

Briefly, cells were plated

medium and treated with vehicle controls, 5-20 mmol/L
TAU, 1-10 mmol/L LC or 20 mmol/L TAU+10 mmol/L LC
for 48 h. Then, the plates were washed with PBS, and 10%
trichloroacetic acid solution was added to the wells to precipi-
tate the DNA and protein. Incorporated ["H]thymidine was
released by washing with 0.2 mol/L of NaOH, and radioactiv-
ity was measured using a p-scintillation counter. The results
were expressed as counts per minute per pg protein.

Bradford assay

The protein concentration in extracts was determined by the
Bradford assay. Briefly, the Bradford reagent (BioRad Pro-
tein Assay Dye Reagent; cat# 500-0006) was diluted 1:5 with
dH,O. The diluted reagent was filtered through Whatman
540 paper and stored at 4 °C. To measure the protein concen-
tration, 10-20 pL of the protein extract was added to 1 mL of
the diluted reagent and mixed. The blue color formed was
measured at the wavelength of 595 nm. A standard curve was
prepared using a serial dilution (0.1-1.0 mg/mL) of BSA.

Analysis of ALP activity

VSMCs were cultured in either non-calcifying medium or cal-
cifying medium and treated with TAU and LC for 12 d. Cells
were then washed three times with PBS, scraped into 1 mL of
10 mmol/L Tris-CI buffer (pH 7.6) containing 0.1% Triton-X-
100 on ice, and centrifuged. The lysates were homogenized.
Then ALP activity was assayed by spectrophotometric mea-
surement of p-nitrophenol release at 37 °C. The protein con-
tent was measured by the Bradford assay. ALP activity was
normalized to the total protein content of the cell layer.

Quantification of calcium deposition

VSMCs were cultured in non-calcifying medium or calcifying
medium and treated with TAU and LC for 12 d. Cells were
then decalcified with 0.6 mol/L HCI for 24 h. The calcium
content was determined by measuring the concentration of
calcium in the HCI supernatant by atomic absorption spec-
troscopy. After decalcification, cells were washed three times
with PBS and solubilized with 0.1 mol/L NaOH/0.1% SDS.
The protein content was measured by the Bradford assay. The
calcium content of the cell layer was normalized to the protein
content.

TAU uptake assay

TAU uptake by VSMCs was assayed basically as previously
described™*, [PH]TAU uptake experiments were performed
in the absence (total uptake) or presence (non-specific uptake)
of 20 mmol/L unlabeled TAU, allowing the specific uptake
to be calculated by subtraction. Briefly, VSMCs were grown
to 80% confluence in six-well polyethylene dishes (9.6 cm®



per well). Cells were washed three times by gentle aspira-
tion/addition of 2 mL aliquots of TAU uptake buffer (HEPES
20 mmol/L, NaCl 140 mmol/L, KCI 5.4 mmol/L, CaCl, 1.8
mmol/L, MgSO, 0.8 mmol/L and glucose 5 mmol/L) at
37 °C and equilibrated in 2 mL TAU uptake buffer at 37 °C.
TAU uptake assay was initiated by adding the uptake buffer
containing [’H]TAU (3.7x10° Bq/mL, 1 mL), with or without
extra TAU (20 mmol/L), at 37 °C for 20 min. Cells were then
quickly washed four times with ice-cold buffer, solubilized
with 0.1 mol/L NaOH and sonicated; then, TAU uptake was
measured by liquid scintillation spectrometry. After the final
wash, the sixth well was used for the estimation of the average
protein content (g protein per well) by the Bradford assay.

Western blot

Western blot was performed as previously described®. The
LC treated monolayers of VSMCs in 25-cm” culture flasks
were rinsed twice with 1 mmol/L EDTA in PBS, lysed with
Triton lysis buffer (50 mmol/L Tris-HCI, pH 8.0, containing
150 mmol/L NaCl, 1% Triton X-100, 0.02% sodium azide,
10 mmol/L EDTA, 10 mg/mL aprotinin and 1 mg/mL amino-
ethylbenzenesulfonyl fluoride) and then saved after centrifu-
gation. Total protein content was determined by the Bradford
assay. Fifty micrograms of the total protein from each sample
was loaded onto a polyacrylamide gel (Bio-Rad) and separated
by electrophoresis. The protein was transferred to a polyvi-
nylidene difluoride (PVDF) membrane by the semidry method
(Bio-Rad). The blot was blocked with 2.5% nonfat milk in PBS
for a minimum of 1 h. The membrane was incubated with
1 pg/mL of a rabbit anti-TAUT polyclonal antibody or an anti-
[-actin monoclonal antibody (Sigma) in PBS at room tempera-
ture for 3 h. The membrane was washed three times in PBS
and incubated with the corresponding horseradish peroxidase
(HRP)-conjugated secondary antibody (Amersham Interna-
tional) for 1 h. Detection was performed with a chemilumines-
cence detection kit according to the manufacturer’s protocol
(ECL Detection, Amersham International).

RNA interference of TAUT

RNA interference was used to down-regulate the expression
of TAUT in rat VSMCs. The short hairpin RNA (shRNA) of
TAUT was synthesized by Genesil Biotechnology Co (Wuhan,
China), of which the target sense sequence is 5'-GATCCAG
ACTTCCACAAAGACATCTTCAAGAGAGATGTCTTTG
TGGAAGTCTTTTTTTGGAAA-3', while the corresponding
antisense sequence is 5'-AGCTTTTCCAAAAAAAGACTTCC
ACAAAGACATCTCTCTTGAAGATGTCTTTGTGGAAGTC
TG-3'. The base pairs underlined in target sequences are the
restriction sites BarmH I and Hind III. The pSilencer™ 2.1-U6
neo plasmid (Ambion Inc, Austin, TX, USA) was chosen to
express the TAUT shRNA. For gene knockdown experiments,
VSMCs were plated in 6-well dishes, cultured for 24 h in the
medium without antibiotics and then transfected with shR-
NAs using Lipofectamine 2000 (Invitrogen Inc, Carlsbad, CA,
USA) according to the manufacturer's instructions. After 24 h
of culture, the transfection media were replaced with selection

www.chinaphar.com
Xie H et al

media containing 600 pg/mL G418. The resulting G418-resis-
tant cell colonies were picked and expanded and then the cell
colonies, with the confirmed TAUT expression knockdown,
were maintained in medium containing 300 pg/mL G418 and
used for further analysis.

Statistical analysis

SPSS 13.0 was used for the statistical analysis. The results
are presented as means+SD. Statistical comparison between
groups and treatments was performed using Student’s f-test.
P<0.05 was considered significant. All in vitro experiments
were repeated at least three times, and representative experi-
ments are shown.

Results

Effects of TAU and LC on the incorporation of [*H]thymidine and
[*H]leucine into DNA and protein of VSMCs

As shown in Figure 1A, 5-20 mmol/L TAU and 1-10
mmol/L LC, respectively, inhibited the [3H]thymidine incor-
poration (cpm-min”-ug” protein) into VSMCs in a dose-
dependent manner, and the combined treatment of TAU and
LC synergistically suppressed the [*H]thymidine incorpora-
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Figure 1. Effects of LC and TAU at various concentrations on the
incorporation of [*H]thymidine (A) and [*H]leucine (B) into DNA and
protein in VSMCs. Cells were exposed to vehicle control, 5-20 mmol/L
TAU, 1-10 mmol/L LC or 20 mmol/L TAU+10 mmol/L LC for 48 h. Cell
proliferation was determined by measuring [*H]thymidine incorporation.
Cell toxic effect was determined by measuring [*H]leucine incorporation.
The results are expressed as counts per minute per pg protein. The bars
represent the mean+SD. n=6. °P<0.05 vs control; °P<0.05 vs the 20
mmol/L TAU-treated group; "P<0.05 vs the 10 mmol/L LC-treated group.
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tion into VSMCs. However, the [’H]leucine incorporation
(cpm'min™-pg” protein) into newly synthesized protein was
not affected by TAU or LC in any of the tested concentrations,
and it was not affected by the combined treatment of TAU and
LC either (Figure 1B). These data indicate that the treatment
with TAU or LC alone or in combination inhibits VSMC prolif-
eration without causing toxic effects on the cells.

Effects of LC and TAU on the osteoblastic differentiation and
mineralization of VSMCs

Recently, it has been shown that vascular calcification in vivo
has many features in common with bone mineralization.
Therefore, we investigated whether ALP activity and calcium
deposition were altered during TAU and LC treatment for
the mineralization of VSMCs. ALP is a well-established phe-
notypic marker of osteoblastic differentiation and a critical
enzyme in calcification. After 12 d of culture, the ALP activ-
ity in the B-GP-induced calcifying VSMC group dramatically
increased compared to that in the noncalcifying group, while
TAU or LC treatment alone had no influence on the ALP activ-
ity in the noncalcifying VSMCs. The ALP activity of the cells
treated with 5, 10, or 20 mmol/L TAU was lower than that of
the calcifying controls. In contrast, the ALP activity of the cells
treated with 1, 5, or 10 mmol/L LC had no difference com-
pared with that of the calcifying controls. Furthermore, in the
cells treated with TAU and LC in combination, the ALP activ-
ity was lower than that of the cells treated with TAU alone
(Figure 2A). The effects of TAU and LC on calcium deposition
in VSMCs were determined in parallel with the ALP activity
(Figure 2B). These data indicate that LC by itself has no effect
on the osteoblastic differentiation or mineralization of VSMCs,
but it can enhance the inhibitory effects of TAU on the ALP
activity and calcium deposition in VSMCs.

Dose and time-dependence of the LC-induced up-regulation of
the TAU uptake by VSMCs
VSMCs were treated with 0, 1, 5, 10, or 20 mmol/L LC for 48 h
before the uptake experiments were performed. The results
showed that 1-10 mmol/L LC increased the TAU uptake
activity by 150%—220% of the control value (Figure 3A).
VSMC monolayers were also incubated with 10 mmol/L LC
for 0-60 h before the uptake experiments were performed. As
shown in Figure 3B, the TAU uptake activity increased in a
time-dependent manner from 0 to 36 h and reached a plateau
after 36 h.

Kinetics of the TAU uptake in VSMCs cultured with LC

A kinetic analysis of the TAU uptake was performed on the
VSMCs cultured with or without 10 mmol/L LC for 48 h. The
maximal velocity V.., value of the control cells was 35.42+3.65
pmol- L' min"'mg” protein, and the apparent affinity constant
K., (Michaelis-Menten constant) value was 5.62+1.03 pmol/L
(Table 1). For the LC-treated cells, the V,,,, and K, values
were 80.39%7.35 pmol-L-min"-mg™ protein and 6.18+1.70
pmol/L, respectively (Table 1). These results indicate that the
LC-induced up-regulation of TAU uptake is associated with
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Figure 2. Effects of LC and TAU on the ALP activity and calcium deposition
in VSMCs. (A) Effect of LC and TAU on ALP activity. Cells were cultured
in non-calcification or calcification medium with LC and TAU. ALP activity
was measured, normalized to the cellular protein content, and presented
as means+SD. n=3. °P<0.05 vs non-calcification control; °P<0.05 vs
calcification control; "P<0.05 vs the 20 mmol/L TAU-treated group. (B)
Effect of TAU and LC on calcium deposition. The calcium contents of the
cell layers were assessed as described in materials and methods and
presented as means+SD. n=3. °P<0.05 vs non-calcification control;
¢p<0.05 vs calcification control; "P<0.05 vs the 20 mmol/L TAU-treated
group.

Table 1. Kinetic analysis of the TAU uptake by LC-treated and control cells.
°P<0.05 vs control.

Control LC-treated
Viax (PMol -t -min™-mg™* protein) 35.42+3.65 80.39+7.35°
K., (umol/L) 5.62+1.03 6.18+1.70

Cells were precultured in a medium containing vehicle or 10 mmol/L of
LC for 48 h. The TAU uptake by the LC-treated and control cells was then
measured over the concentration range of 1-100 pmol/L TAU. V..
maximal velocity value; K,,: apparent affinity constant.

an increase in the maximal velocity of TAUT, while the affinity
of TAUT remains unchanged.

Expression level of TAUT protein in VSMCs cultured with LC

Western blot was performed to determine whether the up-
regulation of TAU uptake by LC was associated with the
change in the expression level of TAUT protein. VSMCs were
cultured in medium with 1, 5, or 10 mmol/L LC for 48 h.
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Figure 3. Time- and dose-dependence of the LC-induced up-regulation
of TAU uptake in VSMC monolayers. (A) Cells were precultured for 48 h
in medium containing various concentrations of LC as indicated. Uptake
experiments were then performed as described in Materials and methods.
Each value is the mean+SD. n=4. °P<0.05 vs control. (B) VSMCs were
precultured in medium containing 10 mmol/L LC for various time (0—60 h)
as indicated, and uptake experiments were performed as described in
Materials and methods. Each value is the mean+SD. n=4. °P<0.05 vs
control.

VSMCs were also cultured in medium with 10 mmol/L LC for
0,12, 24, or 48 h. As shown in Figure 4, the expression level of
TAUT protein was markedly increased by LC treatment in a
dose- and time-dependent manner, suggesting that the up-reg-
ulation of TAU uptake by LC is attributable to the increased
expression level of TAUT protein.

Impact of TAUT expression knockdown on the anti-mitogenic and
anti-osteogenic effects of LC and TAU
In the shRNA-mock cell cultures, the intensity of the 70 kDa
TAUT band of the cells treated with 20 mmol/L TAU was
lower than that of controls, while the intensity of the band of
the cells treated with 10 mmol/L LC was remarkably higher
than that of controls. Furthermore, the intensity of the band
from the cells treated with 20 mmol/L TAU and 10 mmol/L
LC in combination was dramatically higher than that of the 20
mmol/L TAU-treated cells. In contrast, in the sShRNA-TAUT
cell cultures, no TAUT protein could be detected (Figure 5A).
Knockdown of TAUT with shRNA in VSMCs not only abol-
ished the anti-mitogenic and anti-osteogenic effects of TAU,
but also eliminated the synergistic inhibitory action of LC and
TAU on the proliferation, ALP activity and calcium deposition
of VSMCs (Figure 5B, 5C, and 5D). These data indicate that
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Figure 4. Western blot analysis of TAUT protein in VSMCs cultured with LC.
(A) VSMCs were cultured with different concentrations (0, 1, 5, and 10
mmol/L) of LC for 48 h and then subjected to Western blot analysis. The
levels of 70 kDa TAUT and 43 kDa B-actin were quantified by densitometric
analysis of the three autoradiograph pictures, and the relative densities of
TAUT/B-actin were determined. The bars represent the mean+SD. n=3.
°P<0.05 vs the control group; °P<0.05 vs the previous adjacent group. (B)
VSMCs were cultured with 10 mmol/L LC for different time (0, 12, 24, and
48 h) and then subjected to Western blot analysis. The levels of 70 kDa
TAUT and 43 kDa B-actin were quantified by densitometric analysis of the
three autoradiograph pictures, and the relative densities of TAUT/B-actin
were determined. The bars represent the mean+SD. n=3. °P<0.05 vs
the control group; °P<0.05 vs the previous adjacent group.

LC enhances the effects of TAU on reducing the proliferation
and osteoblastic differentiation of VSMCs via the up-regula-
tion of TAUT in these cells.

Discussion
LC and TAU can exert therapeutic effects on atheroscle-
rosis™™ 1% 251 Our present data indicate that LC and TAU
synergistically inhibit the proliferation and B-GP-induced
osteoblastic differentiation of VSMCs. In addition, LC stimu-
lates the TAUT expression and TAU uptake in VSMCs. Sup-
pression of TAUT with shRNA can abolish the synergistic
action of LC and TAU.

Atherosclerosis has been classically associated with an
increased level of cellular proliferation. In the case of athero-
sclerosis, it is generally accepted that the abnormal prolifera-
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Figure 5. Impact of TAUT expression knockdown on the anti-mitogenic and anti-osteogenic effects of LC and TAU. (A) Effect of LC and TAU on TAUT
expression in the shRNA-transfected cells. Cells were exposed to different agents as indicated for 48 h and then subjected to Western blot analysis.
The levels of TAUT and B-actin were quantified by densitometric analysis of the three autoradiograph pictures, and the relative densities of TAUT/B-actin
were determined. The bars represent the mean+SD. n=3. °P<0.05 vs the control group; °P<0.05 vs the 20 mmol/L TAU-treated group. (B) Impact of
shRNA-mock or shRNA-TAUT on the anti-mitogenic effect of LC and TAU. Cells were exposed to different agents as indicated for 48 h. The results are
expressed as counts per minute. The bars represent the mean+SD. n=6. "P<0.05 vs control; °P<0.05 vs 20 mmol/L TAU-treated group; "P<0.05 vs
the 10 mmol/L LC-treated group. (C) and (D) Impact of shRNA-mock or shRNA-TAUT on the anti-osteogenic effect of LC and TAU. Cells were cultured
in calcification medium with different agents as indicated for 12 d. ALP activity and calcium content were measured, normalized to the cellular protein

contents and presented as mean+SD. n=6. "P<0.05 vs control; °P<0.05 vs the 20 mmol/L TAU-treated group.

tion of VSMCs plays an important role in the pathophysiology
of the disease™™.

Mineralization of soft tissues occurs under pathological
conditions and has detrimental consequences, particularly
Calcifica-
tion of arterial plaques decreases vessel elasticity, augments
plaque brittleness and leads to increased plaque rupture dur-
ing angioplasty procedures™. It is, therefore, associated with
an increased risk of myocardial infarction and death. Despite

when it occurs in blood vessels and heart valves.

its clinical significance, the molecular mechanisms underlying
the regulation of vascular calcification are unclear. However,
some evidence has recently emerged in support of the concept
that ectopic calcification, such as bone mineralization, is a cell-
regulated process. Steitz et al” reported that VSMCs undergo
a phenotypic transition into osteoblast-like cells in response to
mineralization, evidenced by an increase in the expression of
ALP, osteocalcin, Cbfal and osteopontin.
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TAU, a metabolite of methionine and cysteine, has been
shown to have antihypertensive and antiatherogenic effects
in animal models. Epidemiological studies also revealed that
TAU uptake inversely correlates with the incidence of coro-
nary heart disease"”.

this protective effect is obscure; some researchers have attrib-
[36]

The molecular mechanism underlying

uted this effect to its cholesterol-lowering properties™. How-
ever, others reported that TAU could prevent atherosclerosis
without significantly affecting the serum cholesterol level™.
Currently, TAU and its analogues are reported to suppress the
proliferation of VSMCs". Furthermore, it was reported that
TAU significantly suppresses the cell proliferation induced by
the platelet-derived growth factor (PDGF)-BB via the protein
tyrosine phosphatase (PTPase)-mediated suppression of the
PDGEF-p receptor phosphorylation and by decreasing the acti-
vation of its downstream signaling molecules in VSMCs™. In
addition, Li et al™” demonstrated that TAU treatment allevi-



ated the calcification in VSMCs induced by B-GP. Our previ-
ous studies showed that TAUT is expressed in VSMCs!", and
TAU can inhibit the osteoblastic differentiation of VSMCs via
ERK activation™.

Recently, LC has been introduced into the therapeutic
approaches of peripheral arterial disease. Carnitine is a vital
component in lipid metabolism for the production of adenos-
ine triphosphate through B-oxidation and subsequent oxida-
tive phosphorylation. The concentrations of carnitine in
blood and tissues decrease under hyperlipidemic conditions®.
Lipoprotein concentration is generally related to coronary
artery disease (CAD) and cerebrovascular disease®. LC can
lower the lipoprotein serum levels of patients with type 2 dia-
betes mellitus™”’. Moreover, LC treatment (300 mg/kg body
weight per day) for 7 and 14 d caused significant reduction of
the tissue lipid peroxidation and marked improvement of the

antioxidant status in atherosclerotic rats*"

, and the long-term
oral administration of LC was associated with a decrease of
plaque cell proliferation and the severity of aortic atheroscle-

rotic lesions in a rabbit model®.

Furthermore, previous data
documented the fact that LC prevented the progression of ath-
erosclerotic lesions in rabbits in association with a significant
reduction of VSMC proliferation and plasma triglycerides™ ™!,
In the present study, TAU decreased VSMC proliferation
and osteoblastic differentiation markers (including ALP activ-
ity and calcium deposition), while LC inhibited only prolif-
eration but not osteoblastic differentiation in VSMCs. The
combined treatment of LC and TAU was more effective than
that of LC or TAU alone on suppressing the proliferation and
osteoblastic differentiation in VSMCs. However, the treat-
ment of TAU or LC in any of the tested concentrations, or the
combination of the highest tested concentration of TAU (20
mmol/L) and LC (10 mmol/L) did not inhibit normal cellular
protein synthesis, indicating they have no cell toxic effects.
TAU is transported by a specific transporter, TAUT. In
the intracellular space, TAU is present in millimolar con-
centrations, whereas TAU is found at the concentration of
20-100 nmol/L in plasma'”, suggesting that TAUT plays an
important role in maintaining a high concentration of TAU
in cells. Recently, a TAUT knockout mouse model has been
established*?.

and marked impairment of reproduction. These phenomena

The animals exhibited retinal degeneration

suggest that TAUT is a functional protein in maintaining cell
physiological function in vitro and in vivo. Our previous stud-
ies demonstrated that the transcription and translation of
TAUT occur in cultured VSMCs™. Additionally, the TAUT
protein expressed in VSMCs is functional in terms of taking
up [PH]TAU™!,

Our present data showed a higher level of TAUT protein
in the LC-treated cells compared to that in the control cells,
indicating that LC markedly increases the TAU uptake by
VSMCs, resulting in an increased intracellular TAU level. Fur-
thermore, knockdown of TAUT with shRNA in VSMCs not
only abolished the anti-mitogenic and anti-osteogenic effects
of TAU, but also eliminated the synergistic inhibitory action
of LC and TAU on the proliferation and osteoblastic differen-
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tiation of VSMCs. These data indicate that LC enhances the
effects of TAU on reducing the proliferation and osteoblastic
differentiation of VSMCs via the up-regulation of TAUT in
these cells.

In conclusion, we found for the first time that LC and TAU
have synergistic inhibitory effects on the proliferation and
calcification of VSMCs and that the up-regulation of TAUT
expression and TAU uptake by LC in VSMCs may be involved
in the synergistic action. Our findings provide evidence for
a possible role of the combined treatment of LC and TAU in
inhibiting the development of atherosclerotic lesions in ath-
erosclerosis patients, rather than the treatment with either of
them alone. Further investigation is warranted on the effects
of the combined treatment of LC and TAU in an atheroscle-
rotic animal model.
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