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Data from several studies suggest that the ubiquitin-
proteasome system may play a role in the progression
of atherosclerosis. Here, we examined the potential
role of the deubiquitinating enzyme CYLD (cylindro-
matosis), mutation of which has been reported to
cause familial cylindromatosis. Northern blot analy-
sis revealed expression of CYLD mRNA in the aorta,
as well as in cultured human aortic endothelial cells
(ECs) and vascular smooth muscle cells. Treatment
with recombinant tumor necrosis factor (TNF)-� sig-
nificantly increased CYLD expression in ECs and vas-
cular smooth muscle cells. Immunostaining showed
CYLD expression in atherosclerotic lesions from hu-
man carotid arteries and up-regulation of CYLD ex-
pression in the neointima of rat carotid arteries after
balloon injury. Overexpression of CYLD in ECs re-
sulted in inhibition of TNF-�-induced nuclear fac-
tor-�B activity through deubiquitination of TNFR-as-
sociated factor 2 (TRAF2), whereas overexpression of
catalytically inactive CYLD had no effect. CYLD over-
expression also inhibited expression of cyclin D1 and
activation of the E2F pathway through deubiquitina-
tion of the upstream molecule Bcl-3 and inhibition of
its translocation into the nucleus. Overexpressed
CYLD also significantly inhibited cell viability. Fur-
thermore, overexpression of CYLD in rat balloon-
injured carotid artery attenuated neointimal forma-
tion through inactivation of nuclear factor-�B and
E2F. In conclusion, these data demonstrate that the
deubiquitinating enzyme CYLD may inhibit inflam-
mation and proliferation in vascular cells and may
represent a novel target for the treatment or preven-
tion of atherosclerosis. (Am J Pathol 2008, 172:818–829;
DOI: 10.2353/ajpath.2008.070312)

Ubiquitination regulates a wide variety of cellular pro-
cesses, including degradation of proteins, receptor en-
docytosis, DNA repair, gene transcription, the cell cycle,
inflammation, and immune response.1 Protein ubiquitina-
tion is a reversible process, and ubiquitin can be cleaved
from its protein substrates by deubiquitinating enzymes
(DUBs). Thus, similar to protein phosphorylation, regu-
lated ubiquitination and deubiquitination of specific sub-
strates are instrumental in cellular signaling.1

The vasculature is capable of sensing changes within its
milieu, integrating these signals by intercellular communi-
cation, and changing itself through the local production of
mediators that influence structure as well as function (eg,
vascular remodeling).2 DUBs reverse the ubiquitination pro-
cess via disassembly of the polyubiquitin chain, recycling
active ubiquitin by the removal of ubiquitin from its co-
valently linked protein, and generating monomeric ubiquitin
from its precursor fusion protein.3 Although the proteasome
inhibitor, MG132, inhibits degradation of ubiquitinated pro-
teins and can reduce neointimal formation,4 it has not been
clarified whether or how DUBs are involved in vascular
remodeling.

Mutations of the tumor suppressor gene, CYLD, result
in familial cylindromatosis, also called “turban tumor syn-
drome,” an autosomal-dominant condition that predis-
poses to multiple skin tumors.5 The product of CYLD is a
DUB recently implicated in suppression of the nuclear
factor (NF)-�B pathway, a crucial mediator of immune
responses, inflammation, and vascular remodeling.3 Ac-
tivation of NF-�B plays a pivotal role in the coordinated
transactivation of cytokine and adhesion molecule genes
involved in atherosclerosis, and blockade of NF-�B sig-
nificantly attenuated neointimal formation of vascular
smooth muscle cells (VSMCs).6 Although CYLD expres-
sion has been characterized in multiple tissue types, its

Supported by the Northern Osaka (Saito) Biomedical Knowledge-Based
Cluster Creation Project, the Mitsubishi Pharma Research Foundation (to
Y.K.), the Salt Science Research Foundation (to T.O.), the Takeda Sci-
ence Foundation (to T.O.), and the Japan Heart Foundation (to T.K. and
H.N.).

Accepted for publication November 20, 2007.

Address reprint requests to Hironori Nakagami, M.D., Ph.D., Depart-
ment of Gene Therapy Science, Osaka University Graduate School of
Medicine, 2-2 Yamada-oka, Suita 565-0871, Japan. E-mail: nakagami@
gts.med.osaka-u.ac.jp.

The American Journal of Pathology, Vol. 172, No. 3, March 2008

Copyright © American Society for Investigative Pathology

DOI: 10.2353/ajpath.2008.070312

818



role in the vasculature remains unknown. Because we
identified the expression of CYLD in both vascular endo-
thelial cells (ECs) and smooth muscle cells in this study,
and the attenuation of NF-�B signaling by CYLD was
expected to bring about anti-inflammatory and anti-pro-
liferative activity leading to anti-atherosclerotic and anti-
vascular remodeling actions, we examined the function of
CYLD, especially focusing on NF-�B activity in the
vasculature.

Materials and Methods

Cell Culture and MTS Assay

Human aortic endothelial cells (HAECs), human aortic
smooth muscle cells (HASMCs), and bovine aortic endo-
thelial cells (BAECs) were purchased from Clonetics
Corp. (Palo Alto, CA). A7r5 (embryonic thoracic aorta,
smooth muscle, DB1X rat) and THP-1 cells were obtained
from the American Type Culture Collection (Rockville,
MD) and were maintained as previously described.7 Cell
viability was measured using the MTS [3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfo-
phenyl)-2H-tetrazolium] assay. Ten �l of CellTiter 96 One
Solution reagent (Promega, Madison, WI) was added to
each well, and absorbance at 490 nm was measured.

Materials and Plasmid DNA Construction

Recombinant tumor necrosis factor (TNF)-� was ob-
tained from PeproTec (London, UK). Other materials
were obtained from Sigma Chemical Co. (St. Louis,
MO). A hypoxic condition was prepared using a BBL
GasPak (Becton Dickinson, Franklin Lakes, NJ), which
catalytically reduces oxygen to undetectable levels
within 90 minutes as previously described.8All of the
cell transfection in this study was performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) in ac-
cordance with the manufacturer’s instructions. Gate-
way cloning technology (Invitrogen) was used to con-
struct expression vectors in accordance with the
manufacturer’s instructions. Briefly, human CYLD was
subcloned into D-TOPO to construct entry vectors. Two
different types of catalytically inactive mutants of CYLD
were constructed by deletion of the catalytic domain
(CYLDdel), which corresponds to ubiquitin carboxyl-
terminal hydrolase type 2-1 (UCH2-1, amino acids 593
to 610)5 and amino acid replacement in this catalytic
domain (C601A, CYLDC/A).9These entry vectors were
then transferred into the mammalian expression vec-
tors, pcDNA3.1 and pCAGGS,10 through an LR-recom-
bination reaction, creating pcDNA3.1-CYLD, pcDNA3.1-
CYLDdel, pcDNA3.1-CYLDC/A, pCAGGS-FLAG-CYLD, and
pCAGGS-FLAG-CYLDC/A. HA-tagged ubiquitin expression
vector (HA-Ub) was constructed by subcloning into pcDNA3
vector. pcDNA3.1-GFP, -luciferase, or -lacZ was used as a
control vector. Overexpression of these control vectors
showed no significant difference in several assays performed
in this study compared with pcDNA3.1 empty vector.

Northern Blotting and Real-Time Reverse
Transcriptase-Polymerase Chain Reaction
(RT-PCR)

Northern blotting was performed as previously de-
scribed.11 Total RNA of cells or tissue samples was ex-
tracted using an RNeasy mini kit (Qiagen, Valencia, CA)
or Isogen (Nippon Gene, Toyama, Japan). Equal aliquots
of total RNA (5 �g) were separated by 1% formaldehyde-
agarose gel electrophoresis, and hybridization and wash-
ing were performed. Part of human CYLD cDNA was used
as a probe. Loading conditions were determined by rep-
robing with GAPDH or 18S ribosomal RNA. Human 12-lane
MTN blot (no. 7780-1; Clontech Laboratories, Inc., Mountain
View, CA) and human cardiovascular system MTN blot (no.
7791-1; Clontech Laboratories, Inc.) were prepared from
high-quality poly(A)� RNA and normalized against the
GAPDH hybridization signal (Clontech) according to the
manufacturer’s instructions.

Complementary DNA was synthesized using the
Thermo Script RT-PCR system (Invitrogen). Relative gene
copy numbers were quantified by real-time RT-PCR using
TaqMan gene expression assays (human CYLD,: Hs
00211000; rat interleukin (IL)-6, Rn00561420; rat matrix
metalloproteinase (MMP)-9, Rn00579162; and 18S ribo-
somal RNA, Hs99999901; Applied Biosystems, Foster
City, CA) or Cyber Green gene expression assays using
SYBR Premix Ex Taq (Takara Bio, Inc., Madison, WI). The
absolute number of gene copies was normalized using
18S ribosomal RNA or GAPDH and standardized to a
sample standard curve. Specific primers for Cyber Green
Gene expression assay were: bovine GAPDH forward:
5�-GAGGGACTTATGACCACTGTCCAC-3�, reverse: 5�-
GGGCCATCCACAGTCTTCTG-3�; bovine ICAM-1 for-
ward: 5�-TCACCGTATACTGGTTCCCGGAG-3�, reverse:
5�-GAGTTCTTCACCCACAGGCTGC-3�; bovine VCAM-1
forward: 5�-AATTAACTGTTCAAGAGAAAAACTTTACTG-
TT-3�, reverse: 5�-CACGACTGAGTCGCCAACC-3�; bo-
vine E-selectin forward: 5�-CTACTGCTGGAGTCTCCCT-
TGTGAC-3�, reverse: 5�-GGCTTGAGCAGCTGCTGGCA-
GGAGA-3�; rat CYLD forward: 5�-GCAGTGTAACAGA-
CAAACAGACACA-3�, reverse: 5�-TTGCCTTTAGCAGA-
AGGAACTC-3�.

Western Blotting and Immunoprecipitation

Briefly, cell extracts were prepared with lysis buffer (RIPA
buffer: 150 mmol/L NaCl, 1% Nonidet P-40, 0.5% deoxy-
cholate-Na, 0.1% sodium dodecyl sulfate, 50 mmol/L
Tris-HCl, pH 8.0, and ethylenediaminetetraacetic acid-
free protease inhibitor cocktail; Roche Applied Science,
Mannheim, Germany). Samples containing 5 �g of pro-
tein were separated on 10% sodium dodecyl sulfate-
polyacrylamide electrophoresis gels and transferred
to nitrocellulose membranes (Hybond ECL; GE Health
Care, Arlington Heights, IL), and incubated with anti-
cyclin D1 monoclonal antibody (1:2000; Cell Signaling
Technology, Beverly, MA), anti-Bcl-3 antibody (1:200, sc-
185; Santa Cruz Biotechnology Inc., Santa Cruz, CA),
and anti-�-actin (1:5000, Sigma) at 4°C overnight. The
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membranes were then washed and incubated with a
1:2000 dilution of mouse or rabbit IgG horseradish per-
oxidase-conjugated antibody (GE Health Care). Bound
antibodies were detected by enhanced chemilumines-
cence (ECL, GE Health Care) with Hyperfilm-MP (GE
Health Care).

For immunoprecipitation, lysates were obtained from
BAECs that were transfected using Lipofectamine 2000
with control vector, pcDNA3.1-CYLD plasmid, or pcDNA3.1-
CYLDC/A plasmid together with HA-Ub. The cells were
stimulated with TNF-� (10 ng/ml) for 5 minutes and the
lysates were precleared for 60 minutes at 4°C. After
immunoprecipitation with anti-TRAF2 antibody (1.0 �g
per 100 �g of protein in lysis buffer; Santa Cruz Biotech-
nology, Inc.), ubiquitinated TRAF2 was evaluated by im-
munoblotting with anti-HA antibody (1:3000, Sigma) to
detect HA-ubiquitin. To test the protein input, a small part
of the resulting lysates was also immunoblotted using
anti-TRAF2 and anti-�-actin antibodies.

In Vivo Gene Transfer into Rat Balloon-Injured
Carotid Artery

Rat balloon-injured carotid arteries were prepared from
wild-type male Sprague-Dawley rats (weight, 400 to
500 g; Charles River Breeding Laboratories, Wilmington,
MA) as described previously.12 The HVJ-liposome method
was used for transfection of plasmid DNA into rat carotid
artery. HVJ-AVE liposomes were prepared as described
previously.13 Briefly, plasmid DNA diluted in balanced
salt solution and a dried AVE lipid mixture were shaken
vigorously, and then sonicated to form unilamellar lipo-
somes. Purified HVJ was inactivated by UV radiation and
then added. The HVJ-liposome mixture was kept on ice
for 10 minutes, and then incubated at 37°C with shaking
for 1 hour to form fusigenic HVJ-AVE liposomes. After
30% sucrose density gradient ultracentrifugation, the
HVJ-AVE liposomes were visualized in a layer between
balanced salt solution and 30% sucrose solution,
whereas free HVJ sediment was at the bottom. The HVJ-
AVE liposomes were collected and suspended in bal-
anced salt solution to obtain HVJ-AVE liposome-plasmid
complex.

A cannula was introduced into the common carotid
artery through the external carotid artery. Then the HVJ-
liposome complex was infused into the segment and
incubated for 10 minutes at room temperature. After a
10-minute incubation, the infusion cannula was removed.
After transfection, blood flow to the common carotid ar-
tery was restored by release of the ligatures, and the
wound was closed. Each carotid artery was processed
for immunochemical staining at 7 days after injury and
transfection, and for morphological study at 2 weeks after
injury. Cross sections of carotid artery were stained with
hematoxylin and eosin (H&E) and photographed. The
intimal and medial cross-sectional areas of the carotid
arteries were measured using Image J (National Institutes
of Health, Bethesda, MD), and the intima/media ratios of
cross sections were calculated. At least three individual

sections from the middle of the transfected arterial seg-
ments were analyzed.

Immunohistochemical Staining

Cells on glass coverslips were fixed in 4% paraformalde-
hyde for 15 minutes and then permeabilized with 0.2%
Triton X-100 for 5 minutes. After blocking in 5% skimmed
milk, samples were incubated with anti-CYLD antibody
(1:50, sc-25779; Santa Cruz Biotechnology, Inc.), anti-
p65 antibody (1:100, sc-372; Santa Cruz Biotechnology
Inc.), anti-Bcl-3 antibody (1:100, sc-185; Santa Cruz Bio-
technology, Inc.), or monoclonal anti-FLAG M2 antibody
(1:500, Sigma) at 4°C overnight. Corresponding second-
ary antibodies were labeled with Alexa Fluor 488 or 546
(1:200; Molecular Probes, Eugene, OR).

Sections of intact or balloon-injured rat carotid arteries
were fixed in 4% paraformaldehyde or cold methanol for
15 minutes and then immunostained as aforementioned.
Primary antibodies used for immunofluorescent staining
were anti-CYLD antibody (1:50, sc-25779; Santa Cruz
Biotechnology, Inc.), anti-p65 (1:100; Chemicon Interna-
tional, Inc., Temecula, CA), anti-ICAM-1 (1:100, sc-1511;
Santa Cruz Biotechnology, Inc.), and anti-PCNA (1:1000,
clone PC10; DAKO, Carpinteria, CA) antibodies. Anti-p65
antibody used for immunohistological studies recognizes
epitopes overlapping the nuclear location signal of the
subunit of the NF-�B heterodimer. Thus, this antibody
selectively binds to the activated form of NF-�B. To rule
out nonspecific staining in each immunofluorescence ex-
periment, a negative control was performed with nonim-
munized IgG matching the host species and concentra-
tion of the primary antibody, and all negative controls in
this study were not stained in the observed area of inter-
est (data not shown). As for the quantification of ICAM-1-
and PCNA-positive cells in the neointima at 7 days after
balloon injury, a total of 10 different fields from each
balloon-injured artery were randomly selected, and the
percentage of immunopositive cells against the total
number of nuclei (4,6-diamidino-2-phenylindole, DAPI)
was calculated. All experimental protocols were ap-
proved by the Osaka University Graduate School of Med-
icine Standing Committee on Animals.

Human tissue specimens were obtained from patients
who underwent carotid end-atherectomy for symptomatic
high-grade carotid stenosis. After surgery, plaques were
fixed in formalin and embedded in paraffin for histological
examination. Sections were serially cut at 5 �m, and
mounted on lysine-coated slides. For immunostaining
with anti-CYLD antibody (1:50, sc-25779; Santa Cruz Bio-
technology, Inc.), we used an avidin-biotin horseradish
peroxidase visualization system (Vectastain ABC kit and
DAB substrate kit for peroxidase; Vector Laboratories,
Burlingame, CA). For immunofluorescent staining, we
treated the samples with antigen retrieval reagents using
HistoVT One (Nacalai Tesque, Kyoto, Japan), and
stained them with anti-�-smooth muscle actin antibody
(1:200, Sigma) and anti-Alexa Fluor 488 (1:200, Molecu-
lar Probes) as corresponding secondary antibodies. In-
formed consent was obtained from all patients, and the
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protocols were also approved by the Ethics Committee of
Osaka University.

Evaluation by Reporter Gene and Gel Mobility
Shift Assay

Genes were transfected into BAECs or A7r5 along with a
luciferase gene driven by the NF-�B binding site (NF-�B-
luciferase reporter gene; BD Bioscience Clontech, Palo
Alto, CA) or by the E2F binding site (E2F-luciferase re-
porter gene, BD Bioscience Clontech) and PRL-TK plas-
mids (Promega) using Lipofectamine 2000 (Invitrogen,
Grand Island, NY). After transfection, luciferase activity
was measured with the dual-luciferase assay system
(Promega) after incubation with serum-free Dulbecco’s
modified Eagle’s medium for 24 hours. PRL-TK plasmids
(Renilla-luciferase-expression plasmids) were used for
normalizing cell viability or transfection efficiency.

Nuclear extract was prepared from cultured A7r5 or
from BAECs overexpressing a control gene or human

CYLD using NE-PER (Promega), according to the manu-
facturer’s instructions. Gel mobility shift assay was per-
formed using a gel shift assay system (Promega) accord-
ing to the manufacturer’s instructions. Briefly, NF-�B
consensus oligodeoxynucleotides (5�-AGTTGAGGGGA-
CTTTCCAGGC-3�) or E2F-consensus oligodeoxynucle-
otides (5�-ATTTAAGTTTCGCGCCCTTTCTCAA-3�) were
labeled with 32P and purified using a Nick column (Phar-
macia Biotech, Inc., Piscataway, NJ) (consensus se-
quences are italicized). Binding reactions (10 �l), in-
cluding 32P-labeled probe (0.5 to 1 ng; 10,000 to
15,000 cpm), were incubated with 5 �g of nuclear
extract in 1 mmol/L MgCl2, 50 mmol/L NaCl, 50 mmol/L
Tris-HCl, pH 7.5, 0.5 mmol/L ethylenediaminetetraace-
tic acid, 0.5 mmol/L dithiothreitol, 4% glycerol, and
0.05 mg/ml poly(deoxyinosinic-deoxycytidylic) acid in
a total of 10 �l for 30 minutes at room temperature and
then loaded onto a 4% polyacrylamide gel. Specificity
of binding was ascertained by competition with a 160-
fold molar excess of unlabeled consensus oligonucle-

Figure 1. Expressional analysis of CYLD. A: Representative Northern blot of human CYLD in several human tissues and cardiovascular tissues. Top: CYLD is
ubiquitously expressed in several tissues and is expressed in the human heart. Bottom: Human CYLD is expressed in the aorta as well as the heart. Corresponding
GAPDH expression was used to standardize loading. B: Immunofluorescent staining with anti-CYLD antibody (CYLD, red) and nuclear staining (DAPI, blue) in
HAECs (top) and HASMCs (bottom). Human CYLD expression was localized in the nucleus and cytoplasm in both cells. C and D: Northern blot (C) and
quantitative real time PCR (D) of human CYLD in HAECs. After treatment with recombinant TNF-� (10 ng/ml) or a hypoxic condition for 24 hours, expression
of human CYLD was markedly increased. Corresponding 18S ribosomal RNA expression was used to standardize loading. Experiments were performed in
duplicate for Northern blot. *P � 0.05 versus control. N � 4 for quantitative real-time PCR. E and F: Northern blot (E) and quantitative real-time PCR (F) of human
CYLD in HASMCs. After treatment with recombinant TNF-� (10 ng/ml) for 24 hours, expression of human CYLD was markedly increased, but was not significantly
altered after treatment with hydrogen peroxide (H2O2, 100 �mol/L) for 24 hours. Corresponding 18S ribosomal RNA expression was used to standardize loading.
Experiments were performed in duplicate for Northern blot. *P � 0.05 versus control. N � 4 for quantitative real-time PCR. Original magnifications, �600.
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otides. The gels were subjected to electrophoresis,
drying, and autoradiography.

Adhesion Assay

Adhesion of the THP-1 human monocyte cell line to
BAECs was assessed as previously described.14 THP-1
cells were labeled with fluorescein isothiocyanate using a
PKH67 fluorescent staining kit (Zynaxis, Inc., Malvern,
PA) according to the manufacturer’s instructions. Fluo-
rescein isothiocyanate-labeled THP-1 cells (5 � 105

cells/well) were incubated with BAECs in 24-well plates
for 10 minutes at 37°C, and then each well was washed

with phosphate-buffered saline three times to separate
nonadherent monocytes. Adherent cells were lysed with
50 mmol/L Tris (pH 8.4)/0.1% sodium dodecyl sulfate,
and the fluorescence was measured.

Statistical Analysis

All values are expressed as mean � SE. Analysis of vari-
ance with subsequent Fisher’s PLSD test or unpaired Stu-
dent’s t-test was used to determine the significance of dif-
ferences in multiple comparisons. All statistical analysis was
performed using Stat-View 5.0 software (SAS Institute, Inc.,
Cary, NC).

Figure 2. Expressional analysis of CYLD in human carotid atherosclerotic lesions and rat common carotid artery after balloon injury. A: Representative
photomicrographs of immunochemical staining with anti-CYLD antibody in human carotid atherosclerotic lesions. We examined the specimens obtained from four
patients (68-year-old man, 74-year-old man, 72-year-old man, and 64-year-old woman) who underwent carotid end-atherectomy for symptomatic high-grade
carotid stenosis (78 to 88% stenosis). All of them had multiple lacunar infarction on computed tomography and some risk factors (eg, hypertension,
hyperlipidemia, and diabetes). We have shown one sample from among them—a piece of atherosclerotic lesion of the left carotid artery (88% stenosis) obtained
from a 74-year-old man with hypertension. H&E staining shows the corresponding atherosclerotic lesion of human carotid artery. The squares in left top and
middle top panel show the examined area for histological analysis. Immunochemical staining with a smooth muscle-specific marker, anti-smooth muscle actin
(�-SM actin, green), and anti-CYLD antibody (CYLD; brown) and nuclear staining (hematoxylin, blue) of the human carotid atherosclerotic lesion were performed.
Negative control indicates nonimmunized IgG matching the host species and concentration of anti-CYLD antibody. These sections are serial. B: Immunofluo-
rescent staining with anti-CYLD (CYLD, red) in rat carotid artery. Top: CYLD was expressed in the normal rat carotid artery. Bottom: Immunofluorescent staining
with anti-CYLD antibody (CYLD, red) and nuclear staining (DAPI, blue) in rat balloon-injured carotid artery. The area between the white arrows is neointimal
formation. Expression of CYLD was up-regulated in the neointima of balloon-injured artery. C: Quantification of CYLD, IL-6, and MMP-9 expression in rat common
carotid arteries by quantitative real-time RT-PCR at 3, 7, and 14 days after balloon injury. Results are expressed as the ratio of relative gene expression of CYLD
in balloon-injured carotid artery (balloon injury) compared to that in the carotid artery on the opposite side to the balloon-injury procedure (control). N � 5 per
group in duplicate. Original magnifications: �10 (A, top left); �40 (A, top middle); �200 [A (top right, middle bottom, bottom left), B]; �600 (A, bottom
right).
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Results

Expression of CYLD in the Cardiovascular System
Northern blot analysis demonstrated that human CYLD
mRNA was ubiquitously expressed in several tissues,
and was expressed in the heart as shown in the top panel
of Figure 1A. The expression level of human CYLD mRNA

in the aorta was similar to that in the heart, as shown in the
bottom panel of Figure 1A. Immunofluorescent staining
showed that CYLD protein was expressed in HAECs and
HASMCs, and was located in both the nucleus and cy-
toplasm (Figure 1B). We confirmed that CYLD protein
was not stained with nonimmunized IgG matching the
host species and concentration of the primary antibody,
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to establish the specificity of the anti-CYLD antibody
used in this study (data not shown). In HAECs, CYLD
mRNA level was significantly increased after a 24-hour
treatment with TNF-� (10 ng/ml) or under hypoxic condi-
tions (Figure 1C). Real-time PCR demonstrated similar
results in terms of CYLD expression in response to TNF-�
(4.6-fold increase, P � 0.05 versus control) and under
hypoxic conditions (3.0-fold increase, P � 0.05 versus
control) (Figure 1D). Treatment with TNF-� increased the
CYLD mRNA level in HASMCs as assessed by Northern
blot and real-time PCR (1.8-fold increase, P � 0.05 ver-
sus control), whereas hydrogen peroxide (H2O2, 100
�mol/L) did not increase CYLD mRNA (Figure 1, E and F).

Immunostaining Analysis of CYLD Expression

We examined CYLD expression in atherosclerotic lesions
from human carotid arteries. H&E staining showed the
corresponding atherosclerotic plaque in the sample. Im-
munofluorescent staining showed high expression of
CYLD protein in VSMCs, as verified by co-staining with
anti-�-smooth muscle actin antibody (Figure 2A). We ex-
amined CYLD expression in a balloon-injury model of the
rat common carotid artery. Immunostaining analysis
demonstrated that CYLD was endogenously expressed
in rat carotid artery, and was up-regulated in the neoin-
tima of rat balloon-injured carotid artery at 14 days after
injury (Figure 2B). We quantified the time course change
of CYLD mRNA expression in rat balloon-injured common
carotid artery. The expression of CYLD mRNA was sig-
nificantly up-regulated at 14 days after injury (2.8-fold
increase, P � 0.01 versus control), but not at 3 days and
7 days, whereas the expression of IL-6 and MMP-9 were
highly up-regulated at 3 days, to a lesser extent at 7 days,
but not at 14 days after injury (Figure 2C). These results
suggest that induction of CYLD expression in the injured
artery was delayed after the up-regulation of inflamma-
tory cytokines.

Functional Analysis of Effect of CYLD on NF-�B
Activity in ECs

We examined the effect of CYLD on NF-�B activity in ECs.
Treatment of BAECs with TNF-� (10 ng/ml) for 12 hours
significantly up-regulated NF-�B activity, whereas over-
expression of CYLD significantly attenuated NF-�B activ-
ity, particularly in TNF-�-stimulated samples (80% inhibi-
tion; P � 0.01, compared with control under TNF-�
treatment) (Figure 3A). Similarly, in the gel shift mobility
assay, overexpression of CYLD also inhibited binding of
NF-�B to the DNA consensus sequence (Figure 3A).
Overexpression of CYLD significantly attenuated TNF-�-
induced expression of ICAM-1, VCAM-1, and E-selectin
in BAECs (Figure 3B). Furthermore, adhesion of fluores-
cein isothiocyanate-labeled THP-1 cells to BAECs was
also inhibited by CYLD overexpression (Figure 3C).

To examine whether the inhibitory effect of CYLD on
NF-�B activity in ECs was attributable to its deubiquiti-
nating action, we used a catalytically inactive mutant of
CYLD which contained a deletion mutation of the catalytic
domain (CYLDdel) or an amino acid replacement in this
catalytic domain (C601A, CYLDC/A).9 Overexpression of
CYLD significantly decreased NF-�B activity in BAECs;
however, overexpression of a catalytically inactive mu-
tant, CYLDdelor CYLDC/A, showed no change in NF-�B
activity (Figure 3D). Immunofluorescent staining with anti-
p65 antibody in HAECs showed that p65, a NF-�B sub-
unit, was rapidly translocated into the nucleus after treat-
ment with TNF-� for 30 minutes, whereas in CYLD-
transfected ECs, p65 remained predominantly in the
cytoplasm after the same treatment. Of importance, cat-
alytically inactive CYLD overexpression allowed p65
translocation into the nucleus after the same treatment
(Figure 3E). Because the target of CYLD in the NF-�B
pathway is known to be deubiquitination of TRAF2, we
also confirmed the deubiquitination of TRAF2 by CYLD in
ECs. Indeed, immunoprecipitation analysis showed that

Figure 3. Effect of CYLD on NF-�B activation in vascular aortic ECs. A: Overexpression of CYLD significantly attenuated NF-�B activation with or without TNF-�
stimulation, as assessed by gel mobility shift assay (top) and by means of the luciferase gene driven by the NF-�B binding site (bottom) in BAECs. Top:
Overexpressed CYLD suppressed the binding of NF-�B to the DNA consensus sequence in gel mobility shift assay. Bottom: Overexpressed CYLD attenuated
NF-�B activity. Control indicates overexpressed GFP gene, and CYLD indicates overexpressed human CYLD. TNF-� indicates treatment with human recombinant
TNF-� (10 ng/ml) for 12 hours. *P � 0.05 versus control. #P � 0.05 versus TNF-� (�). N � 6 per group in triplicate. B: Quantitative real-time PCR of ICAM-1,
VCAM-1, and E-selectin mRNA expression with or without overexpression of CYLD. Overexpressed CYLD significantly attenuated the expression of these NF-�B
regulatory genes induced by treatment with TNF-� for 6 hours. Control indicates overexpressed luciferase gene, CYLD indicates overexpressed human CYLD, and
TNF-� indicates treatment with human recombinant TNF-� (10 ng/ml) for 6 hours. *P � 0.05 versus control under TNF-�. #P � 0.05 versus TNF-� (�). N � 6
per group in triplicate. C: Evaluation of adhesion of fluorescein isothiocyanate-labeled THP-1 to BAECs. Top: Representative pictures; bottom: quantification of
fluorescence intensity. Overexpressed CYLD significantly attenuated TNF-�-induced attachment of monocytes to ECs. Control indicates overexpressed luciferase
gene, CYLD indicates overexpressed human CYLD, and TNF-� indicates treatment with human recombinant TNF-� (10 ng/ml) for 6 hours. *P � 0.05 versus control
under TNF-�. #P � 0.05 versus TNF-� (�). N � 6 per group in triplicate. D: Effect of catalytically inactive CYLD on NF-�B activity as assessed by means of the
luciferase gene driven by the NF-�B biding site in BAECs. Overexpression of CYLD significantly attenuated NF-�B activation, whereas overexpression of a
catalytically inactive mutant, CYLDdelor CYLDC/A, showed no effect. Control indicates overexpressed GFP gene, and CYLD indicates overexpressed human
wild-type CYLD. CYLDdel indicates overexpressed deletion mutant of human CYLD. CYLDC/A indicates overexpression of mutant with amino acid replacement
of human CYLD. *P � 0.05 versus control. E: Immunostaining analysis of NF-�B subunit, p65, in HAECs with or without treatment with TNF-� (10 ng/ml) for 30
minutes. Overexpressed wild-type CYLD attenuated TNF-�-induced translocation of p65 into the nucleus, whereas overexpressed catalytically inactive CYLD did
not. Control indicates immunofluorescent staining in GFP-transfected cells, CYLD indicates FLAG-tagged wild-type CYLD-transfected cells, and CYLDC/A indicates
FLAG-tagged catalytically inactive CYLD (amino acid replacement)-transfected cells. DAPI indicates nuclear staining (blue), p65 indicates staining with anti-p65
antibody (red), and merge indicates staining with both. Left: Immunofluorescent staining with anti-FLAG antibody (green) in CYLD and CYLDC/A to confirm
transfection of human CYLD, or catalytically inactive CYLD expression in HAECs. TNF-� (�) indicates treatment with TNF-� (10 ng/ml) for 30 minutes. White
arrows indicate transfected cells. F: Western blot of ubiquitinated TRAF2 by immunoprecipitation in HA-Ub-transfected BAECs. Overexpressed wild-type CYLD
attenuated TNF-�-induced ubiquitination of TRAF2, whereas overexpressed catalytically inactive CYLD (amino acid replacement) did not. IP:TRAF2 indicates
immunoprecipitation with TRAF2 and IB:HA-Ub indicates immunoblotting with anti-HA antibody to detect HA-ubiquitin. Control indicates overexpressed GFP
gene, CYLD indicates overexpressed human wild-type CYLD, and CYLDC/A indicates overexpressed human catalytically inactive CYLD (amino acid replacement).
Negative control was immunoprecipitation with nonimmunized IgG matching the host species and amount of TRAF2 antibody. TNF-� (�) indicates treatment with
TNF-� (10 ng/ml) for 5 minutes. Middle: Equal amounts of TRAF2 were used for immunoprecipitation. Experiments were performed in triplicate. Original
magnifications, �800.
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overexpression of CYLD induced deubiquitination of
TRAF2 in ECs. Of importance, overexpression of catalyt-
ically inactive CYLD did not induce deubiquitination of
TRAF2 (Figure 3F). These results suggest that the inhib-

itory effect of CYLD on NF-�B activity is attributable to its
deubiquitinating action through the deubiquitination of
TRAF2.

Functional Analysis of CYLD in VSMCs

In rat smooth muscle cells (A7r5), overexpression of
CYLD inhibited the binding of NF-�B to the DNA con-
sensus sequence in the gel shift mobility assay. In the
reporter gene assay, overexpression of CYLD attenu-
ated NF-�B activity, particularly in TNF-�-stimulated
samples (65% inhibition; P � 0.001, compared with
control under TNF-� treatment) (Figure 4A). In addition,
overexpression of CYLD significantly suppressed NF-
�B-driven gene expression (eg, IL-6 and MMP-9),
which might be closely related to the process of ath-
erosclerosis (Figure 4B). Consistent with the results in
ECs, overexpression of a catalytically inactive mutant,
CYLDdel or CYLDC/A, showed no change in NF-�B
activity, although overexpression of wild-type CYLD
significantly decreased NF-�B activity (Figure 4C).
These results suggest that CYLD in VSMCs has a sup-
pressive effect on NF-�B-driven cytokine expression
via its deubiquitinating action to regulate vascular
remodeling.

Because it has recently been reported that CYLD
has an anti-proliferative effect via deubiquitination of
Bcl-3, which may be upstream of cyclin D1 and the E2F
pathway,9 we further examined these effects of CYLD
in VSMCs. Indeed, E2F activity was significantly sup-
pressed by overexpressed CYLD assessed by gel shift
mobility assay and reporter gene assay (43% inhibi-
tion; P � 0.05, compared with control), but not by
catalytically inactive CYLD (Figure 5A). Furthermore,
cell viability assessed by MTS assay was also sup-
pressed by overexpressed CYLD (20% inhibition; P �
0.05, compared with control), but not by catalytically
inactive CYLD (Figure 5B).

Figure 4. Effect of CYLD on NF-�B activation in vascular aortic smooth
muscle cells. A: Overexpression of CYLD significantly attenuated NF-�B
activation with or without TNF-� stimulation, as assessed by gel mobility shift
assay (top) and by means of the luciferase gene driven by the NF-�B biding
site (bottom) in A7r5. Top: Overexpressed CYLD suppressed the binding of
NF-�B to the DNA consensus sequence in gel mobility shift assay. Bottom:
Overexpressed CYLD attenuated NF-�B activity. Control indicates overex-
pressed GFP gene, and CYLD indicates overexpressed human CYLD. TNF-�
indicates treatment with human recombinant TNF-� (10 ng/ml) for 12 hours.
*P � 0.05 versus control. #P � 0.05 versus TNF-� (�). N � 6 per group in
triplicate. B: Quantitative real-time PCR of TNF-� (10 ng/ml)-induced IL-6
and MMP-9 mRNA expression with or without overexpression of CYLD after
treatment with TNF-� (10 ng/ml) for 6 hours. Overexpressed CYLD signifi-
cantly attenuated TNF-�-induced expression of these NF-�B-regulatory
genes. Control indicates overexpressed GFP gene, and CYLD indicates over-
expressed human CYLD. TNF-� indicates treatment with human recombinant
TNF-� (10 ng/ml) for 6 hours. *P � 0.05 versus control. #P � 0.05 versus
TNF-� (�). N � 6 per group in triplicate. C: Effect of catalytically inactive
CYLD on NF-�B activity as assessed by means of the luciferase gene driven
by the NF-�B biding site in A7r5. Overexpression of CYLD significantly
attenuated NF-�B activation, whereas overexpression of a catalytically inac-
tive mutant, CYLDdel or CYLDC/A, showed no effect. Control indicates
overexpressed GFP gene, and CYLD indicates overexpressed human wild-
type CYLD. CYLDdel indicates overexpressed deletion mutant of human
CYLD. CYLDC/A indicates overexpression of human CYLD mutant with
amino acid replacement. *P � 0.05 versus control.
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Immunofluorescent staining with anti-Bcl-3 antibody
in VSMCs showed that Bcl-3 was located in the nucleus
and cytoplasm, whereas in CYLD-transfected VSMCs,
Bcl-3 remained in the cytoplasm. Of importance, cat-
alytically inactive CYLD overexpression allowed Bcl-3
to be located predominantly in the nucleus (Figure 5C).
Overexpressed CYLD significantly decreased cyclin D1 ex-
pression without a significant change in Bcl-3 protein ex-
pression, whereas catalytically inactive CYLD did not show
a significant change in cyclin D1 expression (Figure 5D).
These results suggest that CYLD inhibited SMC proliferation
via blockade of the cyclin D1 and E2F pathway, possibly
through deubiquitination of Bcl-3.

Functional Analysis of CYLD in in Vivo Balloon
Injury Model of Rat Carotid Artery

We examined the effect of overexpressed CYLD in a
balloon injury model of rat carotid artery by HVJ-liposome

method.13 As shown in Figure 6A, overexpression of
CYLD plasmid resulted in significant inhibition of neointi-
mal formation, as quantified by measurement of neointi-
mal and medial area and by calculation of the ratio of
neointimal-to-medial area at 2 weeks after balloon injury
(ratio of neointimal-to-medial area, 35% inhibition com-
pared with control; P � 0.01) (Figure 6A). Accompanied
by inhibition of neointimal formation by transfection of
CYLD plasmid DNA, inhibition of NF-�B activation was
confirmed at 7 days after transfection by immunostaining
with anti-p65 (NF-�B subunit) antibody (Figure 6B). The
anti-p65 antibody recognizes the epitopes overlapping
the nuclear location signal of the subunit of the NF-�B
heterodimer, and fairly selectively binds to the activated
form of NF-�B. The expression of an NF-�B regulatory
protein, ICAM-1, was also suppressed in the neointima of
the CYLD-overexpressing group, as assessed by immu-
nostaining at 7 days after transfection (Figure 6C). We
further examined the proliferation of vascular cells in

Figure 5. Effect of CYLD on cell proliferation in vascular aortic smooth muscle cells. A: Effect of CYLD on E2F activity, as evaluated by means of the luciferase
gene driven by the E2F binding site (right) and by gel mobility shift assay (left) in A7r5. Left: Overexpressed CYLD suppressed the binding of E2F to the DNA
consensus sequence in gel mobility shift assay. Right: Overexpressed wild-type CYLD attenuated E2F activity, whereas overexpressed catalytically inactive CYLD
did not. Control indicates overexpressed GFP gene, and CYLD indicates overexpressed human wild-type CYLD. CYLDdel indicates overexpressed deletion mutant
of human CYLD. CYLDC/A indicates overexpression of human CYLD mutant with amino acid replacement. *P � 0.05 versus control. N � 4 per group in duplicate.
B: Effect of CYLD on cell viability, as evaluated by MTS assay in A7r5. Overexpressed CYLD suppressed cell viability, whereas overexpression of the catalytically
inactive mutant of CYLD, CYLDdel or CYLDC/A, did not. Control indicates overexpressed GFP gene, and CYLD indicates overexpressed human wild-type CYLD.
CYLDdel indicates overexpression of deletion mutant of human CYLD. CYLDC/A indicates overexpression of human CYLD mutant with amino acid replacement.
*P � 0.05 versus control. N � 4 per group in duplicate. C: Immunostaining analysis of Bcl-3 in HASMCs. Top: Immunofluorescent staining in GFP-transfected cells
(control); middle: FLAG-tagged wild-type CYLD-transfected cells (CYLD); and bottom: FLAG-tagged catalytically inactive CYLD (amino acid replacement)-
transfected cells (CYLDC/A). DAPI indicates nuclear staining (blue), Bcl-3 indicates staining with anti-Bcl-3 antibody (red), and merge indicates staining with both.
Overexpressed wild-type CYLD inhibited nuclear translocation of Bcl-3, whereas overexpressed catalytically inactive CYLD did not. Left: Immunofluorescent staining
with anti-FLAG antibody (green) in CYLD and CYLDC/A to confirm transfection of human CYLD or catalytically inactive CYLD expression in HAECs. D: Western blot of
cyclin D1 and Bcl-3 in A7r5. Expression of cyclin D1 was down-regulated by overexpressed CYLD, but not overexpressed catalytically inactive CYLD (CYLDC/A). The
expression level of Bcl-3 was not altered by overexpression of wild-type CYLD or catalytically inactive CYLD. Corresponding �-actin expression was used to standardize
loading. Experiments were performed in triplicate. Right: Quantification of cyclin D1 expression by densitometry. Cyclin D1 protein levels were corrected using �-actin
as an internal control. AU, arbitrary unit. N � 5 per group. *P � 0.05 versus control. Original magnifications, �800 (C).
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injured arteries. PCNA-stained nuclei were increased in
the injured vessels at 7 days after balloon injury, whereas
few PCNA-stained nuclei were found in vessels trans-
fected with CYLD (Figure 6D). These results suggest that
CYLD may attenuate vascular remodeling after balloon
injury through anti-inflammatory and anti-proliferative
actions.

Discussion

Ubiquitination plays a crucial role in various cellular pro-
cesses, including signal transduction, cell differentiation,
and stress responses.4 On the other hand, a deubiquiti-
nation system also exists in cells, and DUBs remove
polyubiquitin chains from and alter the date of specific
target proteins. The present study revealed that the DUB,
CYLD, was expressed in vascular cells and in atheroscle-
rotic lesions. Because CYLD modulates the NF-�B path-

way, a crucial mediator of inflammation,15–18 these data
suggest that CYLD may regulate vascular remodeling.

Previous studies have suggested that the DUB activity
of CYLD is pivotal in modulating tumor necrosis factor
receptor (TNFR)-induced NF-�B activation.17,19,20 TNFR
engagement recruits the adaptor molecule TNFR-associ-
ated factor 2 (TRAF2), which autoubiquitinates and acti-
vates itself. TRAF2 activation ultimately leads to phos-
phorylation and degradation of the inhibitor, I�B-�,
followed by the release and nuclear translocation of NF-
�B. The inhibition of NF-�B activation by CYLD is medi-
ated, at least in part, by the deubiquitination and inacti-
vation of TRAF2 and, to a lesser extent, TRAF6.19,20 In
this study, we hypothesized that CYLD played an impor-
tant role as an endogenous suppressor to regulate in-
flammation or vascular remodeling. Although the pheno-
type of CYLD-deficient mice was not so severe, activation
of B cells, T cells, and myeloid cells by mediators of

Figure 6. Effects of CYLD on balloon-injured arteries. A: Effect of overexpressed CYLD on neointimal formation in rat balloon injury model at 14 days after
transfection. Top left: Representative cross sections of balloon-injured vessels with H&E staining. Control indicates transfection of LacZ plasmid. CYLD indicates
transfection of CYLD plasmid. Top right, bottom left, and bottom right: Quantification of intimal area, medial area, and ratio of neointimal-to-medial area in
the rat balloon injury model at 14 days after transfection, respectively. *P � 0.01 versus control. NS indicates not significant. Control group contains seven animals;
CYLD group contains seven animals. B: Effect of overexpressed CYLD on NF-�B inactivation in rat balloon injury model at 7 days after transfection, as assessed
by immunostaining with anti-p65 antibody (green;). Control indicates transfection of LacZ plasmid. CYLD indicates transfection of CYLD plasmid. DAPI indicates
nuclear staining (blue). Merge indicates staining with both. The area between the white arrows indicates neointimal formation. C and D: Representative
photomicrographs of immunostaining with anti-ICAM-1 and anti-PCNA antibody and their quantification to evaluate the effect of overexpressed CYLD on NF-�B
inactivation and cell proliferation in a rat balloon injury model at 7 days after transfection. C, Right: Representative cross section stained with anti-ICAM-1 antibody
(red); left: quantification of ICAM-1-immunopositive cells in neointima. D, Right: Representative cross section stained with anti-PCNA antibody (red); left:
quantification of PCNA-immunopositive cells in neointima. Control indicates transfection of LacZ plasmid. CYLD indicates transfection of CYLD plasmid. DAPI
indicates nuclear staining (blue). Merge indicates staining with DAPI and anti-ICAM-1 antibody (C) or DAPI and anti-PCNA antibody (D). The area between the
white arrows indicates neointimal formation. Control group contains four animals; CYLD group contains four animals. Original magnifications: �40 (A); �500
(B); �200 (C, D).
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innate and adaptive immunity resulted in enhanced
NF-�B and JNK activity associated with increased
TRAF2.18 In addition, CYLD-deficient mice were more
susceptible to colonic inflammation18 and skin tumors9

because of markedly elevated tumor cell proliferation. In
this study, we also confirmed that CYLD deubiquitinated
TRAF2, leading to inactivation of the NF-�B pathway in
ECs, although CYLD may have other targets to suppress
NF-�B activity. A recent report showed several steps of a
signaling pathway in which CYLD undertakes the princi-
pal task of controlling the nuclear translocation of Bcl-3,9

which in turn alters the transcriptional properties of the
NF-�B p50 and p52 homodimers, leading to cellular pro-
liferation through activation of the cyclin D1 gene.21–23

After the translocation of Bcl-3 from the cytoplasm to the
perinuclear region, CYLD removes K63-linked polyubiq-
uitin chains from Bcl-3, which prevents Bcl-3 from trans-
locating into the nucleus.9 In this study, we also assessed
the association of Bcl-3 and CYLD in VSMCs. Interest-
ingly, in VSMCs, Bcl-3 was endogenously expressed in
both the nucleus and cytoplasm, whereas CYLD prevented
Bcl-3 translocation into the nucleus, possibly via its deubiq-
uitinating action. Of importance, overexpressed CYLD re-
duced cyclin D1 expression and E2F activity, similar to the
findings of a previous report in epithelial cancer cells.9

These data suggest that CYLD controls inflammation
through TRAF signaling and NF-�B p65/p50 activation or
cellular proliferation through Bcl-3 activation and NF-�B
p50/p52 binding.

Recent findings revealed an autoregulatory feedback
loop in which TNF-�-induced NF-�B activation induced
CYLD, which in turn led to inhibition of NF-�B signal-
ing.24,25 NF-�B-dependent transcriptional induction of its
own inhibitor I�B-� has been identified as an important
mechanism to ensure the transient nature of NF-�B in-
duction.26 In contrast to the negative feedback mecha-
nism in relation to I�B-�, the NF-�B-dependent induction
of CYLD may play a more important role in controlling the
delayed action of NF-�B induction. Thus, the NF-�B-
dependent induction of both I�B� and CYLD may be
essential for ensuring tight control of NF-�B activation in
the transient and the delayed or persistent phase.26–28 In
this study, we also confirmed up-regulation of CYLD ex-
pression by treatment with TNF-� in vascular cells, and
delayed induction of CYLD in the neointima of balloon-
injured arteries which, in turn, may be a negative regulator
of NF-�B activation. We speculate that this negative regu-
lator in the late phase or persistent phase might be impor-
tant in chronic disease processes, such as atherosclerosis.

Recently, Marfella and colleagues29,30 have demon-
strated that the ubiquitin-proteasome activity in human
plaques was associated with inflammation-induced
plaque rupture, possibly through up-regulation of NF-�B-
mediated inflammatory pathways. It has also been re-
ported that antioxidant vitamin supplementation prevents
NF-�B activation and the accumulation of ubiquitin con-
jugates.31 Furthermore, in an autopsy-based immunohisto-
chemical study, ubiquitin/ubiquitin conjugates were in-
creased and co-localized with macrophages and terminal
dUTP nick-end labeling-positive cells in the lipid core.32

These data suggest that the critical link between ubiquiti-

nation and inflammation is the transcription factor, NF-�B.
Initial reports indicate that proteasome inhibition might be
an effective therapeutic strategy for the prevention of ath-
erosclerosis and restenosis.4,33 Indeed, aspirin and statins,
two of the most successful drugs in the prevention of car-
diovascular events, both possess inhibitory effects on pro-
teasome activity.34,35 Thus, DUB may be a novel therapeu-
tic target to attenuate the activity of ubiquitination. Indeed, in
vivo gene transfer of CYLD to balloon-injured artery effi-
ciently attenuated neointimal formation, accompanied by
NF-�B inactivation. Although CYLD-deficient mice do not
display any apparent abnormalities in vascular develop-
ment,18 we speculate that the deubiquitinating effect of
CYLD might be redundant in vascular development. Further
study would be of benefit.

In summary, the present study demonstrated that a
DUB, CYLD, was expressed in vascular ECs and VSMCs
and that CYLD may participate in vascular remodeling via
inhibition of NF-�B or E2F activity. These data suggest
that CYLD may be a potential therapeutic target for the
modulation or prevention of vascular remodeling and
atherosclerosis.
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