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The alteration of triglyceride (TG) metabolism in vascular smooth muscle cells (SMC) is likely to be cor-
related with certain phenotype, though this has not been elucidated. Adipose triglyceride lipase (ATGL)
exerts major TG catalytic activity in both adipotic and non-adipotic cells. In the present study, we isolated
SMC from ATGL-deficient mice (ATGL�/�mSMC). ATGL�/�mSMC showed spontaneous TG accumulation
with lower mitogenic response and smooth muscle actin (SMA) expression compared to ATGL +/+mSMC.
Percentage of senescence-associated b-galactosidase positive cells was also increased in ATGL

�/�
mSMC.

Real-time PCR followed by screening with focused DNA array analysis revealed up-regulated expression
of glucokinase (1.7-fold), lipoprotein lipase (3.8-fold) and interleukin-6 (3.7-fold) and down-regulated
expression of vascular endothelial growth factor-A (0.2-fold), type I collagen (0.5-fold), and transforming
growth factor-b (0.4-fold) in ATGL�/�mSMC compared to ATGL+/+mSMC. Next, ectopic gene transfer of
human ATGL was attempted using doxycycline (Dox)-regulatable myc-DDK-tagged adenovirus vector
(AdvATGL). AdvATGL infection resulted in a reduction of TG accumulation with elevated mitogenic
response and SMA expression, and decreased in senescent cell numbers in ATGL�/�mSMC. Moreover,
deviated gene expression pattern in ATGL�/�mSMC was potentially corrected. Our data suggest that
ATGL�/�mSMC have a distinct phenotype that may be related to vascular pathogenesis. Plasticity of
SMC phenotypes correlated to lipid metabolism could be a therapeutic target.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Vascular insults induce phenotypic modulation of vascular
smooth muscle cells (SMC), which further mediates myofibroblas-
tic proliferation and vascular remodeling [1,2]. Classically, the phe-
notypic modulation of SMC has been understood as their switching
from a contractile (quiescent) phenotype to a proliferative (syn-
thetic) phenotype, such conversion is typically seen in atheroscle-
rotic neointimal lesions [3]. Recently, SMC have been discovered to
exhibit more diverse phenotypes, including inflammatory [4] and
osteogenic [5] phenotypes, in vascular pathogenesis. Phenotypic
plasticity is potentially regulated by transcriptional activation of
intracellular signaling molecules [6], but the determinants of
SMC phenotype and their regulatory mechanisms are still unclear.
Improper regulation of cholesterol metabolism is deeply involved
in atherogenesis [1,2], and SMC exposed to low-density lipoprotein
acquire a pro-thrombotic phenotype [7]. In addition, it has been re-
ll rights reserved.

to).
ported that foam cells located in the atheromatous plaque origi-
nate from macrophages and SMC, and that SMC have a great
capacity to hydrolyze triglyceride (TG) [8]. Thus the alteration of
TG metabolism in SMC is likely to be correlated with certain phe-
notype, though this has not been elucidated to date.

Hormone-sensitive lipase (HSL), which was first purified in the
1980s, was initially believed to be responsible for the major lipo-
lytic activity related to TG [9]. More recently, however, the studies
using HSL-null mice have revealed preserved TG lipase activity in
these mice, anticipating the presence of alternative lipase [9]. An-
other enzyme, known as adipose triglyceride lipase (ATGL) discov-
ered in 2004 [10], functions in the degradation of lipid droplets, not
only in adipocytes but also in non-adipotic cells [11]. ATGL-defi-
cient (ATGL�/�) mice suffer from a fatal cardiomyopathy with mas-
sive TG accumulation in their cardiomyocytes [12]. Moreover,
mutation of the ATGL gene causes human myopathy (neutral lipid
storage disease) [13] and triglyceride-deposit cardiomyovasculop-
athy (TGCV) [14,15]. As patients with TGCV suffer from severe ath-
erosclerosis [14,15], it could be anticipated that TG metabolism
mediated by ATGL is involved in the regulation of vascular cell phe-
notype and atherogenesis.

http://dx.doi.org/10.1016/j.bbrc.2013.03.109
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In the present study, we investigated phenotypic characteristics
of SMC isolated from ATGL�/� mice. We found that ATGL�/� SMC
have a distinct phenotype that is associated with alterations of spe-
cific gene expressions related to vascular function, and that these
can be potentially corrected by an ectopic transfer of wild-type
ATGL.

2. Materials and methods

2.1. Reagents

SMC growing media (SG2, containing 5% FBS, 0.5 ng/ml of EGF,
2 ng/ml of bFGF, and 5 lg/ml of insulin) and differentiation media
(SD, containing 1% FBS and 30 lg/ml of heparin) were purchased
from Kurabo (Osaka, Japan). Nile red and neutral buffered formalin
were purchased from Wako (Osaka, Japan). Saponin, epinephrine,
oleic acid and fatty acid–free bovine serum albumin (BSA) were
purchased from Sigma–Aldrich (St. Louis, MO). Oleic acid was ini-
tially dissolved in pure ethanol and 5 mM of stock solution was
prepared by further dissolving into 10% BSA/PBS, of which aliquots
were sealed with nitrogen gas. Doxycycline (Dox) was purchased
from Clontech (Mountain View, CA).

2.2. SMC culture from ATGL�/� mice

ATGL�/� mice were a generous gift from Prof. Rudolf Zechner
(Institute of Molecular Biosciences, University of Graz, Austria)
[12]. ATGL�/� and wild-type (ATGL+/+) littermates were generated
by breeding heterozygous mice. SMC were isolated from thoracic
aortas of 8-week old male ATGL+/+ mice (ATGL+/+mSMC) and
ATGL�/� mice (ATGL�/�mSMC) by the explant method [16]. Less
than 8 passages of cells were used in the present study. Animal
handling and experiments were conducted according to the guide-
lines of the Directive 2010/63/EU of the European Parliament and
the Council of the European Union. The animal experimental pro-
cedures were also approved by the Ethics Review Committee for
Animal Experimentation of Osaka University.

2.3. Assessments of lipid accumulation and lipase activity

Intracellular neutral lipid was stained with Nile red. Cells were
fixed with 10% neutral buffered formalin for 10 min followed by
permeabilization with 0.05% saponin for 30 min at room tempera-
ture. After several washes with PBS, cells were stained with 1 lg/
ml of Nile red in PBS (1:1000 dilution of 1 mg/ml of stock solution
prepared with DMSO). Nile red fluorescence was observed using an
Olympus fluorescent microscope (Tokyo, Japan). Cellular TG
content was measured using a Triglyceride Quantification Kit
(K622-100, BioVision, Milpitas, CA). For the measurement of lipase
activity, cells were lysed in cold PBS by sonication and lipase activ-
ity of whole cell extracts was measured using a QuantiChrom™
lipase assay kit (BioAssay Systems, Hayward, CA) according to
the dimercaptopropanol tributyrate method [17].

2.4. Assays for proliferation and proportion of senescent cells

Viable cell number was measured by means of a WST-1 assay
(Roche, Indianapolis, IN). Senescence-associated b-galactosidase
(SA-b-Gal) activity was detected with a commercially available
kit (Sigma–Aldrich).

2.5. Focused DNA array and real-time PCR

Total RNA was isolated with Trizol (Life Technologies, Carlsbad,
CA). Focused DNA array was performed using a Genopal™ metabo-
Tip system (Kurabo) which contains 195 genes related to major
metabolic pathways, proteasomes, oxidative stress, cytokines,
intracellular signaling, inflammation, angiogenesis and circadian
rhythm, according to the information provided by the manufac-
turer. Alterations of specific gene expression were further tested
by real-time PCR. Extracted RNA (1 lg) was exposed to PrimeScript
II reverse transcriptase (Takara, Otsu, Japan) in a total volume of
20 ll. One microliter of RT reaction mixture was subjected to
real-time PCR using Fast SYBR-Green fluorescence dye and a Ste-
pOne real-time PCR system (Applied Biosystems, Carlsbad, CA).
Complementary DNAs were amplified with AmpliTaq Gold PCR
Master Mix (Life Technologies). Amplification reactions were per-
formed in duplicate and fluorescence curves were analyzed with
included software. All PCR results were normalized for the expres-
sion of b-actin. PCR primer sets used in the present study are listed
in Supplementary Table 1.
2.6. Recombinant adenoviruses

Full-length cDNA of human ATGL with myc-DDK tag (Origene,
Rockville, MD) was subcloned into the recombinant adeovirus vec-
tor (AdvATGL) using an Adeno-X Tet-On System (Clontech) accord-
ing to the manufacturer’s instructions. AD293 cells (Agilent
Technologies, Santa Clara, CA) were used as a packaging cell line
and a ViraBind™ adenovirus purification kit (Cell Biolabs, San Die-
go, CA) was used for the amplification of the viruses. The adenovi-
rus expressing bacterial b-galactosidase (AdvLZ) or Dox negative
condition was used for the negative control. Titer was determined
by means of a conventional plaque assay using a Noble Agar (Difco,
Detroit, MI).
2.7. Western blotting

Western blotting was performed as previously described [18].
The membranes were probed with a 1:200 dilution of a rabbit
polyclonal anti-ATGL (Cell Signaling Technology, Danvers, MA) or
1:1000 dilution of mouse monoclonal anti-Myc (9E10, Santa Cruz
Biotechnology, Santa Cruz, CA) followed by incubation with perox-
idase-conjugated secondary antibodies. The proteins were subse-
quently developed using ImmunoStar LD reagents (Wako) and
visualized with a luminescent imager (Ez-Capture, ATTO, Tokyo, Ja-
pan). Alternatively, some blots were incubated with Restore PLUS
Western Blot Stripping Buffer (Thermo Fisher Scientific, Waltham,
MA) and re-probed with a 1:2000 dilution of anti-b-actin antibody
(AC-15, Sigma–Aldrich).
2.8. Statistical analysis

All data are expressed as the mean ± standard error of the mean
(SEM). Mean values were compared by means of ANOVA and un-
paired Student’s t-test. Probabilities of less than 0.05 were consid-
ered to be significant.
3. Results

3.1. ATGL�/�mSMC showed spontaneous TG accumulation

Compared to ATGL+/+mSMC, ATGL�/�mSMC exhibited a hyper-
trophic morphology with increased cytoplasmic vacuoles, and Nile
red staining revealed neutral lipid accumulation in ATGL�/�mSMC
(Fig. 1A). Cellular TG content was 0.73 ± 0.11 mM/lg � protein in
ATGL+/+mSMC vs. 1.56 ± 0.05 mM/lg � protein in ATGL�/�mSMC
(P < 0.01). Epinephrine-stimulated induction of lipase activity
was observed in ATGL+/+mSMC but not in ATGL�/�mSMC (Fig. 1B).



Fig. 1. ATGL�/�mSMC showed distinct phenotype. ATGL+/+mSMC or ATGL�/�mSMC were seeded at a subconfluent density and cultured for 24 h with SG2 media. (A)
Representative morphologies observed by phase-contrast microscopy (upper panels), with Nile red staining (middle panels), and with SA-b-Gal staining (bottom panels) are
shown. (B) SMC were stimulated with 10 lM of epinephrine for one hour and lipase activity was measured. (C) ATGL+/+mSMC or ATGL�/�mSMC (5 � 103 cells/well) were
seeded on a 96-well culture plate and were then incubated for 48 h with SG2 or SD media in the presence or absence of oleic acid (200 lM). Viable cell number was analyzed
by WST-1 assay. (D) ATGL+/+mSMC or ATGL�/�mSMC were seeded at a subconfluent density and cultured for 24 h with SG2 media. Levels of SMA and b-actin mRNA were
evaluated by real-time PCR (RR; relative ratio). Bars, mean ± SEM (error bars). ⁄⁄P < 0.01, ⁄P < 0.05, Open bars, ATGL+/+mSMC; gray bars, ATGL�/�mSMC.

536 Y. Lin et al. / Biochemical and Biophysical Research Communications 434 (2013) 534–540
3.2. ATGL�/�mSMC showed lower mitogenic response and SMA
expression level with increased SA-b-Gal expression

In the presence of 200 lM of oleic acid, cellular TG content in
ATGL+/+mSMC (1.77 ± 0.13 mM/lg � protein) approached that in
ATGL�/�mSMC (2.05 ± 0.04 mM/lg � protein). Nevertheless, a
WST-1 assay revealed that ATGL�/�mSMC had a lower mitogenic
response than ATGL+/+mSMC had, irrespective of the presence or
absence of oleic acid (Fig. 1C). As SMA expression is coordinately
regulated with switching from the proliferative to the contractile
phenotype [18], we tested SMA expression by real-time PCR. Unex-
pectedly, lower mitogenic response in ATGL�/�mSMC was not cor-
related with the induction of SMA, the level of which was rather
lower than that observed in ATGL+/+mSMC (Fig. 1D). The propor-
tion of SA-b-Gal-positive cells was very low in ATGL+/+mSMC
(0.46 ± 0.33%), while many SA-b-Gal-positive cells were observed
in ATGL�/�mSMC (30.2 ± 8.1%, P < 0.01) (Fig. 1A).

3.3. ATGL�/�mSMC showed deviated expression of specific genes
related to vascular function

To further investigate the phenotypic characteristics of ATGL�/

�mSMC, focused DNA array analysis was performed. In the present
study, genes that had changed by a cut-off factor of 2 or 0.5 were
defined as up-regulated (Supplemental Table 2) or down-regulated
genes (Supplemental Table 3). Reliability of DNA array data was
further tested by real-time PCR. We chose genes related to endo-
thelial function (VEGF-A; vascular endothelial growth factor-A)
[19,20], collagen synthesis (type I collagen, TGF-b; transforming
growth factor-b) [18,21], metabolism (LPL; lipoprotein lipase,
GCK; glucokinase) [22,23] and inflammation (IL-6; interleukin-6
[24]. ATGL�/�mSMC exhibited higher expression levels of GCK
(approximately 1.7-fold, P < 0.05), LPL (approximately 3.8-fold,
P < 0.05) and IL-6 (approximately 3.7-fold, P < 0.01), and lower
expression levels of VEGF-A (approximately 0.2-fold, P < 0.01),
TGF-b (approximately 0.4-fold, P < 0.01) and type I collagen
(approximately 0.5-fold, P < 0.01) compared to ATGL+/+mSMC
(Fig. 2).

3.4. Ectopic gene transfer of wild-type ATGL to ATGL�/�mSMC reduced
TG accumulation

Ectopic gene transfer of wild-type human ATGL gene was at-
tempted using tetracycline-regulatable myc-DDK-tagged adenovi-
rus vector (AdvATGL). In Dox-negative conditions, no significant
differences in morphology were observed among the cells infected
with 200 MOI (multiplicity of infection) of AdvLZ or AdvATGL, in
comparison with mock-infected cells (data not shown). Treatment
with Dox resulted in dose-dependent induction of human ATGL
protein in ATGL�/�mSMC (Fig. 3A). Nile red staining showed smaller
proportion of lipid droplets in wild-type ATGL-induced ATGL�/�

mSMC (Fig. 3B). Consistently, cellular TG content was significantly
reduced in these cells (by approximately 90% compared to the con-
trol, P < 0.01) (Fig. 3C). Epinephrine-stimulated induction of lipase
activity was observed only in wild-type ATGL-induced ATGL�/�

mSMC and not in native ATGL�/�mSMC (Fig. 3D).
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Fig. 2. ATGL�/�mSMC showed distinct expression pattern of specific genes. ATGL+/+mSMC or ATGL�/�mSMC were seeded at a subconfluent density and cultured for 24 h with
SG2 media. Levels of mRNAs corresponding to specific genes (A–F. gene names are indicated) and b-actin mRNA were evaluated by real-time PCR (RR; relative ratio). Bars,
mean ± SEM (error bars). ⁄P < 0.05, ⁄⁄P < 0.01, Open bars, ATGL+/+mSMC; gray bars, ATGL�/�mSMC.
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3.5. Ectopic gene transfer of wild-type ATGL to ATGL�/�mSMC
potentially corrected distinct phenotype and specific gene expressions

In culture with differentiation media (SD), the cell numbers of
ATGL�/�mSMC were not changed irrespective of the induction of
wild-type ATGL. In culture with mitogen-containing growth media
(SG2), however, ectopic ATGL induction dose-dependently in-
creased the cell numbers of ATGL�/�mSMC (Fig. 3E). SA-b-Gal
staining showed that ectopic ATGL induction reduced the percent-
age of senescent cells (by approximately 30% compared to the con-
trol, P < 0.01, Fig. 3F) and real-time PCR showed that ectopic ATGL
induction increased in SMA expression (approximately by 80%
against the control, P < 0.01, Fig. 3G). Moreover, real-time PCR re-
vealed that the deviated gene expression in ATGL�/�mSMC trended
to be corrected by ectopic ATGL expression. The up-regulated
genes were VEGF-A (approximately 1.5-fold, P < 0.05), TGF-b
(approximately 1.2-fold, P < 0.05) and type I collagen (approxi-
mately 1.1-fold, P < 0.05), and the down-regulated genes were IL-
6 (approximately 0.8-fold, P < 0.05) LPL (approximately 0.2-fold,
P < 0.01) and GCK (approximately 0.3-fold, P < 0.01) compared to
the controls (Fig. 4).
4. Discussion

In the present study, ATGL�/�mSMC showed spontaneous TG
accumulation with lower mitogenic response and SMA expression
compared to ATGL+/+mSMC. The proportion of senescent cells was
also greater in ATGL�/�mSMC. ATGL�/�mSMC showed deviated
expression of specific genes related to vascular function. Moreover,
ectopic gene transfer of wild-type gene to ATGL�/�mSMC poten-
tially corrected the alterations in phenotype and gene expression.
We concluded that ATGL availability may be a distinct determinant
of SMC phenotype, which may be involved in vascular pathogene-
sis related to TGCV and atherosclerosis. Importantly, TG-accumu-
lated ATGL�/�mSMC still preserved phenotypic plasticity. Thus
the TG-accumulated phenotype of SMC could be a therapeutic
target.

TG is a principal energy reserve in mammalian cells and ATGL is
a key catalytic enzyme for TG, involved in the hydrolysis of the first
ester bond of lipid molecules [9–11]. As it is already known that
SMC can also hydrolyze TG [8], it can be assumed that ATGL defi-
ciency causes accumulation of lipid droplets (LDs) in these cells.
Accordingly, we observed massive accumulation of LDs in ATGL�/�-

mSMC, visualized using Nile red neural lipid staining. Consistently,
cellular TG content was also elevated in ATGL

�/�
mSMC with low

epinephrine-stimulated lipase activity (Fig. 1).
In the classic interpretation of phenotypic modulation among

SMC, the proliferative (synthetic) phenotype is characterized by
high mitogenic activity, up-regulated collagen synthesis, and lower
expression of contractile proteins such as SMA, whereas the oppo-
site tendencies are seen in the contractile (quiescent) phenotype
[3,18]. ATGL�/�mSMC showed low mitogenic activity but also
low SMA expression (Fig. 1). Thus the phenotype of ATGL�/�mSMC
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Fig. 3. Ectopic transfer of wild-type gene in ATGL�/�mSMC reduced lipid accumulation with phenotypic corrections (A) ATGL�/�mSMC were infected with 200 MOI of AdvLZ
or AdvATGL, otherwise were mock-infected (NV), and were then treated with the indicated doses of Dox for 24 h. Cell lysates were subjected to Western blotting analysis for
ATGL, myc-epitope tag and b-actin. (B) ATGL�/�mSMC were infected with 200 MOI of AdvLZ or AdvATGL, and were then treated with Dox (200 ng/ml) for 24 h. Representative
morphologies observed with Nile red staining are shown. (C) ATGL�/�mSMC were treated in the same manner as those in panel A. Oleic acid (200 lM) was also added to the
mock-infected cells as a positive control. Cellular TG content is expressed as a ratio to that in control-uninfected cells. (D) ATGL�/�mSMC were infected with 200 MOI of
AdvATGL and were then cultured with or without Dox (200 ng/ml) for 24 h. SMC were then stimulated with 1 lM of epinephrine for one hour and lipase activity was
measured. (E) ATGL�/�mSMC were infected with 200 MOI of AdvLZ or AdvATGL and were then cultured in SG2 or SD media with the indicated doses of Dox for 48 h. WST-1
assay was performed. (F) ATGL�/�mSMC were infected with 200 MOI of AdvATGL, and were then cultured with or without Dox (200 ng/ml) for 24 h. Percentages of SA-b-Gal-
positive cells are shown. (G) ATGL�/�mSMC were treated in the same manner as those in panel F. Levels of SMA and b-actin mRNA were evaluated by real-time PCR (RR;
relative ratio). Bars, mean ± SEM (error bars). ⁄P < 0.05, ⁄⁄P < 0.01.

538 Y. Lin et al. / Biochemical and Biophysical Research Communications 434 (2013) 534–540
may not be consistent with the contractile (quiescent) phenotype.
We found that ATGL

�/�
mSMC were more likely to exhibit a senes-

cent phenotype (Fig. 1). It has been reported that SMC isolated
from aged rodents exhibit lower proliferative and migratory activ-
ities and lower levels of contractile expression compared to cells
isolated from young animals [25]. Thus we assume that the
ATGL-deficient or TG-accumulated phenotype shares some charac-
teristics with the senescent phenotype. Further study is needed to
clarify the phenotypic switching mechanism of SMC beyond the
classic interpretation.

ATGL�/�mSMC showed a unique pattern of gene expression
(Supplemental Tables 2 and 3; Fig. 2). For example, VEGF-A expres-
sion was lower in ATGL�/�mSMC than in ATGL+/+mSMC. VEGF-A in-
duces endothelial cell migration, survival, vascular development
and angiogenesis [19]. Physiological angiogenesis may contribute
to the restoration of normoxia in the vascular wall, resolution of
inflammation, and regression of atherosclerosis [20]. Pathologic
angiogenesis, on the other hand, enhances vascular inflammation,
oxidative stresses, and risk of intramural hemorrhage, leading to
plaque expansion and fragility [20]. We assume that the lower
VEGF-A expression in ATGL�/�mSMC is disadvantageous with re-
gard to initial defense against the early stage of the atherogenic
process, but we cannot deny that it is beneficial with regard to
the inhibition of pathologic angiogenesis in the advanced stages
of plaque development. Further study is needed to clarify in vivo
plaque morphology in this context. ATGL�/�mSMC also showed
down-regulated expression of type I collagen and TGF-b. SMC is
a major source of collagenous proteins in the vasculature [18]
and TGF-b plays a pivotal role in vascular matrix accumulation
[21]. Disability of TGF-b-mediated collagen synthesis may be re-
lated to the plaque venerability, though the role of TGF-b in ath-
erogenesis remains the subject of debate [21]. Other genes were
up-regulated in ATGL�/�mSMC. GCK may allow ATGL�/�mSMC
to utilize glucose, compensating for their inability to use TG
[23]. LPL is a key enzyme in the catabolism of TG-rich plasma
lipoproteins such as chylomicrons and VLDL [22]. In addition,
LPL functions in lipoprotein binding and selective uptake of cho-
lesterol ester, a process regarded as pro-atherosclerotic. The prin-
cipal sites of LPL production are the heart, skeletal muscle, and
adipose tissue [22]; thus the contribution of SMC-derived LPL in
the systemic lipid metabolism could be underestimated. The local
pro-atherosclerotic effect of up-regulated LPL availability may be
related to vascular pathogenesis. We also detected the up-regula-
tion of IL-6. Accumulating evidence suggests that increased IL-6
expression is involved in various cardiovascular disease processes
including atherosclerosis [24]. IL-6 signaling mediates the activa-
tion of NF-jB transcription factor in vascular cells, which subse-
quently induces the expression of adhesion molecules and
chemotaxins and then exacerbates the inflammatory process
[26]. We found a deviated gene expression pattern in ATGL�/�

mSMC, the significance of which with regard to vascular patho-
genesis remains to be elucidated.
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Fig. 4. Ectopic transfer of wild-type gene in ATGL�/�mSMC corrected the deviated expression pattern of specific genes. ATGL�/�mSMC were infected with 200 MOI of
AdvATGL, and were then cultured with or without Dox (200 ng/ml) for 24 h. Levels of mRNAs corresponding to specific genes (A–F. gene names are indicated) and b-actin
mRNA were evaluated by real-time PCR (RR; relative ratio). Bars, mean ± SEM (error bars). ⁄P < 0.05, ⁄⁄P < 0.01.
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Notably, the distinct phenotype of ATGL�/�mSMC and the devi-
ated gene expressions were corrected by an ectopic transfer of
wild-type ATGL gene (Figs. 3 and 4). Thus we confirmed the plas-
ticity of the phenotype of ATGL�/�mSMC. Phenotypic plasticity is
recognized as one of the most important functions of SMC, which
also implies an opportunity for their use in therapeutic interven-
tion [6]. Recently, it has been reported that RNA-interference-
mediated down-regulation of ATGL results in the enhancement of
TNF-a-induced ICAM-1 expression in human endothelial cells
[27]. Thus the disability of ATGL may influence various vascular
cell phenotypes.

The present study has several limitations that must be men-
tioned. First, the regulatory mechanism of ATGL�/�mSMC pheno-
type is still unclear. Second, SMC phenotype of ATGL-deficient
mice was not confirmed in in vivo. As reported elsewhere, ATGL�/�

mice suffer from fatal cardiomyopathy and die around 12 weeks
after birth [12]. Accordingly, we isolated SMC from 8-week old
ATGL�/� mice. Rodents are atherosclerosis-resistant and prolonged
administration of a high-fat diet is usually required to induce ath-
erosclerosis [28]. More recently, it has been reported that macro-
phages with ATGL deficiency attenuates in vivo atherogenesis
[29]. In addition, significant differences among species in lipid
metabolism regulatory mechanisms have also been noted [30].
These could be reasons why we did not observe distinct atheroma-
tous lesions in the isolated aortic tissues from ATGL�/� mice. An
additional study using human SMC is currently in progress in our
research group.
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