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INTRODUCTION

Tumor necrosis factor-α (TNF-α) is one of the
cytokines that may be involved in the progression
and formation of atherosclerosis.1) It is well known
that the cytokine regulates vascular endothelial cell
functions. TNF-α exhibits cytotoxicity and inhibits
the proliferation of the cells.2) In addition, the
cytokine inhibits the secretion of tissue plasmino-
gen activator, but stimulates that of plasminogen
activator inhibitor type-1.3) These results indicate that
TNF-α may contribute to the pathogenesis of ath-
erosclerosis through injury to the endothelial cell
monolayer and reduction of fibrinolytic activity in
blood.

Expression of TNF-α is observed in atheroscle-
rotic plaques, and the main source of the cytokine is

macrophages.4) However, vascular smooth muscle
cells also express TNF-α in human and rabbit ath-
erosclerotic vascular wall.5–8) Although the expres-
sion has been postulated to be a pathological event
under certain conditions such as atherosclerosis, we
hypothesized that normal vascular smooth muscle
cells also express TNF-α that regulates their func-
tions through an autocrine mechanism. Although
TNF-α expression was observed in cultured vascu-
lar smooth muscle cells stimulated by anisomycin
and bacterial lipopolysaccharide9) or by low-density
lipoprotein,6) constitutive expression and function of
TNF-α in the cells have been incompletely under-
stood.

On the other hand, in atherosclerotic vascular
arteries, excess amounts of extracellular matrix is
deposited in the intima.10) The extracellular matrix
is composed of collagens, elastin, proteoglycans, and
other structural glycoproteins,11) and vascular smooth
muscle cells are the predominant cell type respon-
sible for the synthesis and secretion of the extracel-
lular matrix components in the arterial wall.12) Col-
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lagens are the major component of the human arte-
rial wall13) and increase depending on the progres-
sion of atherosclerosis14); types I, III, IV, V, and VI
collagens are in general present15) and increase in
atherosclerotic plaques.16) Although quantitative
changes in minor collagens are characteristic of ath-
erosclerosis, the synthetic phenotype of vascular
smooth muscle cells predominantly synthesizes type
I collagen.17)

In our previous study, it was shown that TNF-α
regulates the synthesis and sulfation of glycosami-
noglycans in cultured vascular smooth muscle
cells.18,19) Recently, it has been found that TNF-α
strongly suppresses the synthesis of collagens in the
cells.20) The present study was undertaken to address
the questions of whether cultured vascular smooth
muscle cells express endogenous TNF-α and whether
the cytokine regulates the synthesis of collagens via
an autocrine mechanism in the cells.

MATERIALS AND METHODS

Materials —–—  Bovine aortic smooth muscle cells
were a gift from Drs. Katsuo Sueishi and Yutaka
Nakashima (Department of Pathology, Kyushu Uni-
versity Graduate School of Medical Sciences,
Fukuoka Japan). Human aortic smooth muscle cells
were purchased from Kurabo (Osaka, Japan). Rab-
bit aortic smooth muscle cells were obtained from
the thoracic aorta of male rabbits weighing about
2.5 kg as described previously.21) RPMI 1640 me-
dium and fetal bovine serum (FBS) were purchased
from Nissui Pharmaceutical (Tokyo, Japan) and
Bioproducts (Walkersville, MD, U.S.A.), respec-
tively. Tissue culture plates and dishes were from
Iwaki (Chiba, Japan). Blotting membranes were
obtained from Atoo (Tokyo, Japan). L-[2,3,4,5-
3H]Proline (4070 GBq/ml) was from Moravek
Biochemicals (Brea, CA, U.S.A.). TNF-α neutraliz-
ing antibody (TNF-α Ab), rabbit IgG, and peroxi-
dase-labeled goat antibody against rabbit IgG were
purchased from Genzyme (Cambridge, MA, U.S.A.),
East Acres Biologicals (Southbridge, MA, U.S.A.)
and Dako (Glostrup, Denmark), respectively. Pep-
sin and bovine serum albumin fraction V (BSA) were
from Worthington Biochemical (Freehold, NJ,
U.S.A.) and Miles (Kankakee, IL, U.S.A.), respec-
tively. Collagenase type VII, Tris base, N-
ethylmaleimide, phenylmethansulfonyl fluoride, and
pepstatin A were obtained from Sigma Chemical (St.
Louis, MO, U.S.A.). Transforming growth factor-β1

(TGF-β) derived from human platelets and 3-
aminopropionitrile (BAPN) were from Wako Pure
Chemical Industries (Osaka, Japan). Lab-Tek tissue
culture chamber slides were purchased from Nunc
(Naparville, IL, U.S.A.). Primers and probe for re-
verse transcription-polymerase chain reaction (RT-
PCR) were from Hokkaido System Science
(Sapporo, Japan). DIG Luminescent Detection kits
were obtained from Boehringer-Mannheim (Ger-
many). Other reagents were from Nacalai Tesque
(Kyoto, Japan).
Preparation of Dense and Sparse Cultures of
Vascular Smooth Muscle Cells —–—  Bovine, hu-
man, and rabbit aortic smooth muscle cells were
cultured in RPMI 1640 medium supplemented with
10% FBS in 6-well culture plates at 37°C in 5% CO2

in air until confluent (dense cultures). Separately,
bovine aortic smooth muscle cells were plated at
5 × 103 cell/cm2 in 6-well plates and cultured for
24 hr in RPMI 1640 medium supplemented with
10% FBS (sparse cultures).
Immunocytochemistry —–—  Dense and sparse cul-
tures of bovine aortic smooth muscle cells were pre-
pared on Lab-Tek chamber slides in RPMI 1640 me-
dium supplemented with 0.1% BSA and
immunostained with TNF-α Ab using an avidin-bi-
otin-peroxidase method.22) Briefly, the cells were
gently washed with calcium and magnesium-free
phosphate-buffered saline (CMF-PBS) and treated
with 0.3% hydrogen peroxide in methanol for 30 min
to inactivate endogenous peroxidases. Nonspecific
binding sites were blocked by treatment with 10%
normal goat serum in PBS for 30 min at room tem-
perature. The cells were exposed to TNF-α Ab (pri-
mary antibody) for 16 hr at 4°C in a humidified
chamber. They were then gently washed with PBS
and incubated sequentially with a biotinylated goat
antibody against rabbit IgG for 30 min at room tem-
perature, PBS for 15 min, and avidin-biotin-peroxi-
dase complex for 30 min. The complex was devel-
oped by exposing the cells to a solution of 3,3′-
diaminobenzidine-4 hydrochloric acid (HCl)
(0.5 mg/ml in 0.05 M Tris–HCl, pH 7.6, containing
0.03% H2O2) until a brown stain appeared. The cells
were then rinsed with tap water for an additional
10 min and counterstained with hematoxylin. Nega-
tive controls included replacement of the primary
antibody with PBS.
RT-PCR —–—  To determine the gene expression of
TNF-α, poly(A)+ RNA was isolated from dense bo-
vine aortic smooth muscle cells, and TNF-α mRNA
analyzed by RT-PCR. The amount of poly(A)+ RNA
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templates and the cycle number for amplification
were 30 ng and 35 cycles, respectively. After RT-
PCR, an aliquot of the reaction mixture was electro-
phoresed on a 2% agarose gel and stained with
0.001% ethidium bromide for 30 min. The sequences
of the upstream and downstream primers were 5′-
CAGAGGGAAGAGTTCCCCAG-3′ and 5′-CCTT-
GGTCTGGTAGGAGACG-3′, respectively. The
size of the PCR products was 325 base pairs. South-
ern blot analysis of the RT-PCR products was per-
formed on a blotting membrane with a digoxygenin-
labeled probe (5′-CTTGAGGGTTTGCTACAAC-
ATGGG-3′) and the band was visualized using a DIG
Luminescent Detection kit.
Western Blot Analysis —–—  Dense cultures of bo-
vine aortic smooth muscle cells were extracted with
50 mM Tris–HCl buffer solution (pH 7.5) contain-
ing 10% glycerol, 5 mM magnesium acetate, 0.2 mM
EDTA, 1 mM phenylmethanesulfonyl fluoride, and
1% sodium dodecyl sulfate. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
was performed according to the procedure of
Laemmli23) on an acrylamide 15% slab gel. The gel
was transferred to nitrocellulose membranes with a
semidry transfer apparatus (Atoo, AE-6677). The
membrane was blocked and exposed to a primary
antibody against TNF-α (TNF-α Ab, diluted 1 : 250)
for 1 hr at room temperature. After incubation of the
blot with horseradish peroxidase-linked protein A,
bands that bound to the primary antibody were
visual ized  us ing an  enzyme-l inked
chemoluminescence procedure.
Incorporation of [3H]Proline into Collagenase-
Digestible Proteins and Noncollagenous Pro-
teins —–—  Dense and sparse cultures of vascular
smooth muscle cells were incubated at 37°C for 6,
12, 24 or 48 hr in 1 ml of RPMI 1640 medium with
TNF-α Ab (100, 250, 500, 750 or 1000 U/ml) or
rabbit IgG (1 mg/ml) with or without TGF-β (10 ng/
ml) in the presence of 1% BSA, ascorbic acid
(100 µM), BAPN (500 µM) and [3H]proline (37 kBq/
ml). The cells were scraped off with a rubber po-
liceman with the conditioned medium and the cul-
ture wells were washed with 1 ml of ice-cold CMF-
PBS; the wash was combined with the cell suspen-
sion. The cell homogenate was prepared by sonica-
tion of the cell suspension, and 0.5 ml of ice-cold
25% trichloroacetic acid was added to the homoge-
nate after removal of free [3H]proline by dialysis.
After standing for 5 min in an ice bath, the cell ho-
mogenate was centrifuged at 3000 rpm for 10 min
at 4°C and the precipitate was analyzed using the

collagenase digestion method of Peterkofsky and
Diegelman24) as follows: The precipitate was dis-
solved in 380 µl of 0.04 N NaOH and 20 µl of 1.8 M
Tris–HCl buffer (pH 7.4) was immediately added.
An aliquot was incubated at 37°C for 2 hr with col-
lagenase (250 µg/ml) in the presence of 1.9 mM
CaCl2, 7.8 mM N-ethylmaleimide, 6.3 mM Tris base,
and 0.25 M HEPES (pH 7.2) and then cooled in an
ice bath after the addition of 0.25% tannic acid in
5% trichloroacetic acid. After centrifugation at
3000 rpm for 10 min at 4°C, the supernatant was
harvested; after the addition of 0.25% tannic acid in
5% trichloroacetic acid, the precipitate was stirred
and centrifuged at 3000 rpm for 10 min at 4°C. The
supernatant was combined with the harvested su-
pernatant (collagenase-digestible proteins; CDP) and
the precipitate was dissolved in 0.5% SDS
(noncollagenous proteins; NCP). The radioactivity
incorporated into either CDP or NCP was determined
by liquid scintillation counting. Separately, the cells
were exposed to TNF-α or rabbit IgG combined with
or without TGF-β in a similar manner. The cells were
harvested with a rubber policeman in the presence
of CMF-PBS and the well was washed with CMF-
PBS; the wash was combined with the harvested cell
suspension. The cell homogenate was prepared by
sonication and analyzed for DNA content by the fluo-
rometric method.25) The [3H]proline incorporation
into CDP and NCP fractions was expressed as dpm/
µg DNA.
Collagen Type Analysis26) —–—  Dense cultures of
bovine aortic smooth muscle cells were incubated
at 37°C for 24 hr with 1000 U/ml TNF-α Ab in 2.5 ml
of RPMI 1640 medium containing 0.1% BSA, ascor-
bic acid (100 µM) and BAPN (500 µM) in 60-mm
culture dishes. After incubation, the medium was
harvested and the cells were scraped off with a rub-
ber policeman in the presence of 6 ml of ice-cold
CMF-PBS. The dish was washed with 6 ml of ice-
cold CMF-PBS, the wash was combined with the
harvested cell suspension, and the cell homogenate
was prepared by sonication. The cell homogenate
and the conditioned medium were stirred for 12 hr
at 4°C after the addition of ammonium sulfate
(176 mg/ml) and 0.4 ml of protease inhibitor solu-
tion (10 mM N-ethylmaleimide, 2 mM EDTA, 1 mM
phenylmethanesulfonyl fluoride in 50 mM Tris–HCl
buffer, pH 7.5) and then centrifuged at 15000 rpm
for 1 hr at 4°C; the supernatant was discarded. The
precipitate was dissolved in 3 ml of 0.5 M acetic
acid and stirred for 6 hr at 4°C in the presence of
pepsin (0.16 mg/ml). The pH of the solution was
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adjusted to 7.4 with 2 M Tris base and then pepstatin
A (50 µg/ml) was added; the mixture was stirred at
4°C overnight and dialyzed against 0.5 M acetic acid.
The mixture was lyophilized and dissolved in 50 mM
Tris–HCl buffer (pH 7.6) containing 0.15 M NaCl,
5 mM CaCl2, and 0.02% NaN3, and then SDS-PAGE
was performed on a slab gel of 5% acrylamide un-
der reducing and nonreducing conditions. The gel
was stained with 0.25% Coomassie brilliant blue
solution containing 9.2% acetic acid and 45.4%
methanol to visualize collagens.
Statistical Analysis —–—  Data were analyzed for
statistical significance using ANOVA and
Bonferroni’s multiple t-test. p-Values of less than
0.05 were considered to indicate statistically signifi-
cant differences.

RESULTS

Expression of Endogenous TNF-α in Vascular
Smooth Muscle Cells

First, expression of endogenous TNF-α in bo-
vine aortic smooth muscle cells was determined by
immunocytochemistry, RT-PCR followed by South-
ern blot analysis, and Western blot analysis. As

Fig. 1. Expression of Endogenous TNF-α in Cultured Vascular
Smooth Muscle Cells

(A) Immunostaining of dense (a and b) and sparse (c and d) bovine
aortic smooth muscle cells with an antibody specific for TNF-α (b and
d). (B) RT-PCR for TNF-α mRNA (lane 1) and Southern blotting for the
PCR products (lane 2) in dense bovine aortic smooth muscle cells. (C)
Western blot analysis of TNF-α antigen in dense bovine aortic smooth
muscle cells (lane 2). Lane 1 indicates recombinant human TNF-α as a
standard.

Fig. 2. Incorporation of [3H]Proline into CDP and NCP of Dense
and Sparse Vascular Smooth Muscle Cells Treated with
TNF-α Ab

Dense and sparse cultures of bovine aortic smooth muscle cells were
incubated at 37°C for 6, 12, 24, or 48 hr with TNF-α Ab (100, 250, 500,
750, or 1000 U/ml) in the presence of [3H]proline. Values are means
± S.E. of four samples. Significantly different from the corresponding
control, *p < 0.05; **p < 0.01.

shown in Fig. 1, the RT-PCR analysis showed the
gene expression of TNF-α in dense vascular smooth
muscle cells. Expression of TNF-α protein was con-
firmed by Western blot analysis. In addition, both
dense and sparse cultures of the cells were
immunostained with TNF-α Ab. These results clearly
indicate that vascular smooth muscle cells express
endogenous TNF-α in a cell density-independent
manner.

Regulation of CDP and NCP Synthesis by Endog-
enous TNF-α in Vascular Smooth Muscle Cells

Since it was shown that vascular smooth muscle
cells express endogenous TNF-α, we next investi-
gated the regulation of collagen synthesis by the
cytokine in the cells using TNF-α Ab (Fig. 2). It was
shown that TNF-α Ab significantly increased the
incorporation of [3H]proline into either CDP or NCP
in a dose–dependent manner in dense vascular
smooth muscle cells; the increase occurred after
24 hr and longer. In contrast, the antibody failed to
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increase the [3H]proline incorporation in the sparse
cells. Thus it is suggested that endogenous TNF-α
suppresses the synthesis of collagens and NCP in
vascular smooth muscle cells only when the cell
density is high.

In addition, the increase in the [3H]proline in-
corporation into CDP and NCP by TNF-α Ab was
observed not only in bovine aortic smooth muscle
cells but also in human and rabbit aortic smooth
muscle cells (Table 1), suggesting that there is no
species-related difference in the regulation of col-
lagen and NCP synthesis by endogenous TNF-α in
this cell type.

Interaction of Endogenous TNF-α with TGF-β on
CDP and NCP Synthesis in Vascular Smooth
Muscle Cells

TGF-β is a cytokine that strongly promotes the
synthesis of collagen in vascular smooth muscle
cells.27) Figure 3 shows the interaction of TNF-α Ab
with TGF-β in the [3H]proline incorporation into
CDP and NCP in dense and sparse cultures of bo-
vine aortic smooth muscle cells. In the dense cells,
not only TNF-α but also TGF-β alone significantly
increased the [3H]proline incorporation into CDP and
NCP. The increase in the synthesis of [3H]proline-
labeled CDP by TNF-α Ab was observed in the pres-
ence or absence of TGF-β, suggesting that endog-
enous TNF-α has a suppressive effect on TGF-β-in-
duced collagen synthesis in dense vascular smooth
muscle cells. In the sparse cells, TGF-β alone also

Fig. 3. Interaction of TNF-α Ab with TGF-β in the Incorporation
of [3H]proline into CDP and NCP of Dense and Sparse
Vascular Smooth Muscle Cells

Dense and sparse cultures of bovine aortic smooth muscle cells were
incubated at 37°C for 24 hr with TNF-α Ab (1000 U/ml) and/or TGF-β
(10 ng/ml) in the presence of [3H]proline. Values are means ± S.E. of
four samples. **Significantly different from the corresponding control,
p < 0.01.

Table 1. Incorporation of [3H]Proline into CDP and NCP of Dense Vascular Smooth Muscle Cells Treated with
TNF-α Ab or Rabbit IgG

CDP NCP

(dpm × 10−3/µg DNA) (dpm × 10−3/µg DNA)

Bovine aortic smooth muscle cells

Control 4.45 ± 0.08 9.37 ± 0.08

TNF-α Ab 6.20 ± 0.23** 13.07 ± 0.42**

Rabbit IgG 4.37 ± 0.04 10.20 ± 0.18

Human aortic smooth muscle cells

Control 9.97 ± 0.13 32.54 ± 0.24

TNF-α Ab 12.29 ± 0.26* 38.68 ± 0.99*

Rabbit IgG 9.74 ± 0.24 32.85 ± 0.63

Rabbit aortic smooth muscle cells

Control 23.45 ± 0.65 37.35 ± 0.83

TNF-α Ab 29.83 ± 0.42* 45.73 ± 0.24*

Rabbit IgG 26.00 ± 0.65 42.38 ± 0.89

Dense cultures of bovine, human, and rabbit aortic smooth muscle cells were incubated at 37◦C for 24 hr with TNF-
α Ab (1000 U/ml) or rabbit IgG (1 mg/ml) in the presence of [3H]proline. Values are means ± S.E. of four samples.
Significantly different from the corresponding control, *p < 0.05; **p < 0.01.
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at least 3 days after reaching confluence.29) Since
the cells were used before and just after reaching
confluence in the present study, they are postulated
to have the characteristics of the synthetic pheno-
type. Thus the present data suggest that the synthetic
phenotype of vascular smooth muscle cells expresses
TNF-α regardless of cell density. However, promo-
tion of collagen synthesis by TNF-α Ab occurred
only in the dense cells, indicating that collagen syn-
thesis is regulated by endogenous TNF-α only when
the cell density is high. Our previous study showed
that specific binding of TNF-α is not different be-
tween dense and sparse vascular smooth muscle
cells,20) but TNF-α Ab promotes DNA synthesis.30)

Those results and the present data indicate that the
expression of endogenous TNF-α is cell density in-
dependent but the functional regulation by endog-
enous and exogenous TNF-α is cell density depen-
dent in vascular smooth muscle cells.

Excessive deposition of extracellular matrix
components such as collagens synthesized by the
synthetic phenotype of vascular smooth muscle cells
in the intima is postulated to be one of the most im-
portant pathological changes in atherosclero-
sis.1,10,14,16) In our previous study, it was shown that
exogenously added TNF-α suppresses the synthesis
of collagen in cultured vascular smooth muscle
cells.20) The suppression is cell density and cell type
dependent; dense vascular smooth muscle cells were
much more sensitive than the sparse cells, and vas-
cular endothelial collagen synthesis is not suppressed
by TNF-α. In addition, the suppression occurs in
minor collagens such as types IV and V rather than
in predominant collagens such as types I and III in
dense vascular smooth muscle cells. In the present
study, it was suggested that endogenous TNF-α also
suppresses all collagen synthesis in dense vascular
smooth muscle cells, although minor collagens could
not be detected. The previous and present results are
consistent with one another as regards the suppres-
sive effect of TNF-α on all collagen synthesis in
dense vascular smooth muscle cells. It is a novel
finding of the present study that cell density-depen-
dent regulation of collagen synthesis by TNF-α is
possible in vascular smooth muscle cells in an
autocrine mechanism as well as in a paracrine mecha-
nism without species-related differences.

It was suggested that endogenous TNF-α sup-
presses the collagen synthesis induced by TGF-β.
TGF-β is a cytokine that is involved in the excess
accumulation of extracellular matrix such as col-
lagens in atherosclerotic plaque.31) It has been pos-

Fig. 4. SDS-PAGE of Collagens Synthesized by Dense Vascular
Smooth Muscle Cells Treated with TNF-α Ab

Dense cultures of bovine aortic smooth muscle cells were incubated
at 37°C for 24 hr with TNF-α Ab (1000 U/ml). Lanes 1 and 3, control;
lanes 2 and 4, TNF-α Ab treatment; lanes 1 and 2, nonreducing conditions;
lanes 3 and 4, reducing conditions by dithiothreitol.

significantly increased the [3H]proline incorporation
into CDP and NCP. However, TNF-α Ab failed to
change the [3H]proline incorporation in the presence
or absence of TGF-β.

Endogenous TNF-α Suppresses the Synthesis of
Types I and III Collagens

Figure 4 shows SDS-PAGE results of collagens
synthesized by dense cultures of bovine aortic
smooth muscle cells after treatment with TNF-α Ab.
In this experiment, types I and III collagen were
detected as α1(I), α2(I), and α1(III). TNF-α Ab in-
creased both types of collagens, suggesting that en-
dogenous TNF-α suppresses all collagen synthesis
in dense vascular smooth muscle cells.

DISCUSSION

In the present study, we demonstrated that cul-
tured vascular smooth muscle cells constitutively
express TNF-α in a cell density-independent man-
ner. There are two different phenotypes in this cell
type28); one is known as the synthetic phenotype,
characterized by well-developed rough endoplasmic
reticulum, Golgi apparatus and many ribosomes, and
the other is the contractile phenotype, characterized
by a large amount of myofilaments. Cultured vas-
cular smooth muscle cells also can change their phe-
notype from a synthetic to a contractile state, al-
though most of them are the synthetic phenotype for
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tulated that the main source of TGF-β is platelets
and macrophages27) and that of collagens is the syn-
thetic phenotype of vascular smooth muscle cells
accumulated in the plaque.12) Thus the present data
suggest the possibility that TNF-α expressed by vas-
cular smooth muscle cells can contribute to preven-
tion of the progression of atherosclerosis through
suppression of collagen synthesis after the cell den-
sity has become high in the plaque. Our recent data
that suggested an inhibitory effect of endogenous
and exogenous TNF-α on vascular smooth muscle
cell growth when the cell density is high30) support
this hypothesis. Regulation of endogenous TNF-α
expression in vascular smooth muscle cells should
be clarified to address the hypothesis. In addition, it
is unclear whether the endogenous TNF-α derived
from vascular smooth muscle cells in the plaque can
exhibit cytotoxicity to vascular endothelial cells like
exogenous TNF-α.2)

In conclusion, the present data suggest that the
synthetic phenotype of vascular smooth muscle cells
in general express TNF-α regardless of the cell den-
sity and the origin of species, and that the endog-
enous cytokine mediates the suppression of all col-
lagen synthesis via an autocrine mechanism only
when the cell density is high. The suppression oc-
curred even when the cells were stimulated with
TGF-β, suggesting that endogenous TNF-α of vas-
cular smooth muscle cells may be involved in the
progression of atherosclerosis after the cell density
became high in the plaqus. Although cell density-
dependent regulation has been observed in the ef-
fect of TGF-β on the growth of vascular smooth
muscle cells32) and on the proteoglycan synthesis of
vascular endothelial cells,33) it was shown that regu-
lation of collagen synthesis by endogenous TNF-α
is also cell density dependent. Regulation of endog-
enous TNF-α expression in vascular smooth muscle
cells should be clarified to understand the involve-
ment of the cytokine in the progression and forma-
tion of atherosclerosis. In addition, we propose a
possibility that the contractile phenotype of vascu-
lar smooth muscle cells also expresses TNF-α, of
which the role may be to contribute to the physi-
ological maintenance of the growth-arrested cells in
the medial layer of blood vessels.
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