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Abstract In the adventitia of large arteries, dendritic cells
are located between nerve fibers, some of which contain
substance P. The aim of the present study was to examine
whether neurokinin 1 receptor (NK-1R) was expressed by
dendritic cells in the arterial wall. Parallel sections of aortic
and carotid artery segments were immunostained with anti-
NK-1R and cell-type-specific antibodies. Dendritic cells in
the arterial wall expressed NK-1R, albeit at a low level.
Other cells, which intensely expressed NK-1R, were lo-
cated along the border between the media and adventitia.
They did not co-express any dendritic cell markers, in-
cluding fascin, CD1a, S100, or Lag-antigen, and were
negative for CD68, CD3, and mast cell tryptase. These NK-
1R+ cells were laser-capture microdissected and studied by
means of electron-microscopic analysis. The microdis-
sected cells were in direct contact with nerve endings, and
their ultrastructure was typical of the interstitial cells of
Cajal present in the gastrointestinal tract. Further system-
atic electron-microscopic analysis revealed that the cells
displaying the features typical of interstitial cells of Cajal
were a basic element of the human arterial wall archi-
tectonics. Arterial interstitial cells of Cajal were negative
for c-kit but they expressed vasoactive intestinal peptide
receptor 1 (VIPR1). Destructive alterations of contacts be-
tween arterial interstitial cells of Cajal and nerve endings
were observed in arterial segments with atherosclerotic le-
sions. The functional significance of the arterial interstitial
cells of Cajal and their possible involvement in athero-
sclerosis and other vascular diseases need clarification.
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Introduction

The abilities of dendritic cells to function as antigen-pre-
senting cells and as co-stimulators of T cell activation are
well documented (Banchereau and Steinman 1998; Lotze
and Thomson 2001). Activated dendritic cells are a sig-
nificant source of cytokine production (Banchereau and
Steinman 1998; Lotze and Thomson 2001), and therefore,
the signals responsible for dendritic cell activation in
atherosclerotic arteries are of interest (Bobryshev 2000).
Dendritic cells reside in the arterial wall, are involved
in atherosclerosis (Bobryshev and Lord 1995, 1998;
Bobryshev 2000; Millonig et al. 2001; Angeli et al. 2004;
Yilmaz et al. 2004), and have been observed between nerve
endings in the adventitia of large arteries (Bobryshev and
Lord 1998).

Neuronal input plays an important role in the induc-
tion of immune responses with neuronally derived peptides
interacting directly with cells of the immune system
(Gallucci and Matzinger 2001; Steinhoff et al. 2003;
O’Connor et al. 2004). Compelling evidence has impli-
cated neuropeptide substance P (SP) in the regulation of
pro-inflammatory responses by dendritic cells (Kradin
et al. 1997; Marriott et al. 2000; Marriott and Bost 2001;
O’Connor 2004). SP can elicit transcription factor activa-
tion in dendritic cells (Marriott et al. 2000), and SP (NK-1)
receptors are present on human dendritic cells (Marriott
and Bost 2001; O’Connor 2004). The arterial adventitia
contains SP+ fibers (Olesen et al. 1995; Laine et al. 2000)
and, therefore, the determination of whether dendritic cells
express neurokinin 1 receptor (NK-1R) in the arterial wall
is of interest.

The aim of the present study has been to examine
whether NK-1R is expressed by dendritic cells in human
large arteries. The study has identified dendritic cells ex-
pressing NK-1R in the arterial wall, albeit at a low level.
Other cells, which intensely express NK-1R, have been
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located along the border between the media and the ad-
ventitia. They do not co-express any dendritic cell markers,
including fascin, CD1a, S100, or Lag-antigen, and are
negative for CD68, CD3, and mast cell tryptase. These
NK-1R+ cells have been laser-capture (LC)-microdissected
and studied by means of electron-microscopic analysis. The
microdissected cells have been found to form direct con-
tacts with nerve endings, and their ultrastructure is typical
of interstitial cells of Cajal (ICC), which represent pace-
maker cells in the gastrointestinal tract. Further systematic
electron-microscopic analysis has revealed that the cells
displaying the features typical of ICC are a basic element of
the architectonics of human large arteries.

Analysis of the literature shows that the possibility that
ICC-like cells are present in the arterial wall has been
discussed for a long time. In a work on the structure and
significance of the peripheral extension of the autonomic
nervous system, Meyling (1953) devotes considerable de-
scription to cells that the author calls “autonomic interstitial
cells”. In a later electron-microscopic study, Dahl and
Nelson (1964) have noted that, in human posterior anterior
cerebellar, superior cerebellar, and basilar arteries, cells
containing irregular nuclei and multipolar cellular pro-
cesses are rich in vesicular structures and endoplasmic re-
ticulum and are different from surrounding smooth muscle
cells. Isolated pressurized cerebral arteries are known for
their ability to undergo spontaneous rhythmic contractions,
which have been suggested (Lee 1995) to be generated by
the multipolar cells described by Dahl and Nelson (1964).
The electron-microscopic observations of Dahl and Nelson
(1964) and Dahl et al. (1965) have been reviewed in 1995
by Lee and have received further attention in the studies of
Pucovsky et al. (2003), Bolton et al. (2004), and Harhun
et al. (2004), in which cells with physiological character-
istics typical of intestinal ICC have been purified from
guinea-pig mesenteric arteries and rabbit portal veins.

The present work, for the first time, provides evidence
for the in situ existence of arterial cells with typical struc-
tural features of ICC. They form direct contacts with both
nerve endings and smooth muscle cells at the media-ad-
ventitia border of human normal large arteries. This study
has also revealed that destructive alterations of contacts
between arterial ICC and nerve endings occur at the media-
adventitia border in atherosclerotic segments.

Materials and methods

Tissue specimens

For this study, arterial wall segments from 12 aortas and
10 carotid arteries obtained from patients whose ages
ranged from 39 to 71 years were used. The aortic spec-
imens (entire wall segments) were collected during aortic
reconstructions, and carotid specimens were obtained at
endarterectomy at St Vincent’s Hospital, Sydney. Some
characteristics of these specimens have been reported pre-
viously (Bobryshev and Lord 2002). The present study was
carried out according to the principles outlined in the

Helsinki Declaration and was approved by the institutional
review board of St Vincent’s Hospital, Sydney. Informed
consent was obtained from the patients in each case. Be-
cause the specimens were relatively large, atherosclerotic
lesions of various types could be found, as could various
sites of the arterial wall unaffected by atherosclerosis. For
electron-microscopic analysis, small tissue pieces (about
1 mm3) were cut off from the different layers of the arterial
wall and were fixed in 2.5% glutaraldehyde in phosphate-
buffered saline (PBS). The arterial specimens were then
divided into two parts. One part from each specimen was
embedded in OCT compound, frozen in liquid nitrogen,
and stored at −70°C until cryostat sectioning, whereas the
other part of the specimen was fixed in 10% buffered for-
malin, processed, and embedded in paraffin. Before immu-
nohistochemical staining, tissue sections were stained with
Mayer’s hematoxylin to determine the degrees of athero-
sclerotic alteration of the arterial wall (Bobryshev and Lord
2002). Additionally, for further en face immunostaining,
tissue sheets from four segments of macroscopically nor-
mal aortic wall were prepared as wholemount specimens
according to Rekhter et al. (1991) as used previously
(Bobryshev and Lord 2002).

Antibodies and immunohistochemistry

The antibodies used in the work included: anti-neurokinin
1 receptor (Novus Biologicals; NK-1R, NB3000-119; di-
lution, 1:1000), anti-vasoactive intestinal peptide receptor
1 (Antibody Solutions; VIPR1; AS58-P; 1:200), c-kit
(Santa Cruz Biotechnology; CD117; sc-1493; 1:100), and
anti-substance P (UCB; SP, i675/002; 1:200). Identification
of cell types expressing NK-1R was carried out by the
analysis of sets of consecutive parallel sections (6 μm
thickness) that were single-immunostained with anti-NK-
1R and various cell-type-specific antibodies. For den-
dritic cell identification, fascin (DakoCytomation, 55K-2;
1:100), CD1a (DakoCytomation; NA1/34; 1:50), S100
(DakoCytomation; S100; 1:700), and Lag-antibody (kind
gift of Prof. S. Imamura, Kyoto University Hospital;
1 μg/ml) were used as previously (Bobryshev and Lord
1995; Bobryshev et al. 1997). Macrophages were iden-
tified with anti-CD68 (DakoCytomation; EBM11; 1:50).
Smooth muscle cells were identified with an antibody to
α-smooth muscle actin (DakoCytomation; 1A4; 1:400).
Endothelial cells were identified with von Willebrand fac-
tor antibody (DakoCytomation; F8/86; 1:50). T cells were
identified with anti-CD3 (DakoCytomation; CD3; 1:50).
Granulocytes were identified with anti-CD15 (Dako;
MMA; 1:50). Mast cells were identified with an antibody
to mast cell tryptase (DakoCytomation; AA1; 1:200) or by
staining with toluidine blue. Schwann cells were identified
with anti-glial fibrillary acidic protein (GFAP; DakoCyto-
mation; M0761; 1:50).

Immunohistochemical staining of serial tissue sections
was carried out by using labelled streptavidin-biotin com-
plex kit (LSAB, DakoCytomation; KO678) according to
the manufacturer’s protocol, and the reaction product was
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visualized with Fast Red. Because the intensity of NK-1R
expression in the dendritic cells (identified by the LSAB
technique) was found to be specific but too weak (see
below), a Dako-catalyzed signal amplification (CSA) sys-
tem (DakoCytomation, K1500) in a combination with Dako
CSA link (K1498) was used, with the procedures being
carried out according the manufacturer’s protocol. Num-
bers of NK-1R + cells visualized by the LSAB technique
were evaluated along the border between the media and
adventitia in cross-sections of 12 non-diseased aortic seg-
ments by using a computer-associated microscope.

To examine a possible co-localization of NK-1R and SP,
en-face double-immunostaining of wholemount specimens
was carried out as previously described (Bobryshev and
Lord 2002). For investigation of a possible co-localization
of NK-1R with VIPR1, fluorescent immunohistochemistry
was performed with RPE- and fluorescein isothiocyanate
(FITC)-labeled secondary antibodies.

As negative controls in all single- and double-immuno-
staining experiments, primary antibodies were replaced
with irrelevant isotope-matched antibodies.

LC-microdissection and electron
microscopy of NK-1R+ cells

For LC-microdissection, arterial segments fixed in a solu-
tion containing 4% paraformaldehyde, 0.05% glutaralde-
hyde in PBS were cut into thin tissue slices (about 1.5 mm
in thickness). Immunohistochemical reactions were carried
out in the “floating” tissue slices by using the LSAB
technique as above. After the immunohistochemical pro-
cedures were completed, the tissue slices were washed in
PBS and re-fixed in 0.5% glutaraldehyde in PBS. After
being washed in PBS, the tissue slices were oriented and
embedded in OCT compound in liquid nitrogen. After
being cut on a cryostat, sections were placed onto slides
covered with polyethylene-naphtalate (PEN) membranes
(PALM Microlaser Technologies; 1440–1000). A PALM
Laser-MicroBeam System (PALM Microlaser Technolo-
gies), which enabled the contact-free isolation of single
cells, was used for microdissection. Microdissected cells
were catapulted into lids of 0.5-ml reaction tubes by using
the laser pressure catapulting technique of the instrument.

Preparation of microdissected cells was carried out ac-
cording to a modified technique described by Grant and
Jerome (2002). The entire lids of 0.5-ml reaction tubes with
microdissected cells were fixed in 1% glutaraldehyde in
PBS, postfixed in 1% OsO4, and embedded in Araldite.
Serial ultrathin sections of the embedded lids containing
microdissected cells were cut and placed on formvar-
coated grids. The ultrathin sections were stained with ura-
nyl acetate and lead citrate and were examined with the aid
of an electron microscope. After affirmation that the mi-
crodissected cells displayed ultrastructural characteristics
typical of ICC, a systematic electron-microscopic exami-
nation of tissue samples taken from the deep media, the
media-adventitia border, and from the adventitia was car-
ried out.

Results

Immunohistochemical staining with the LSAB kit showed
that all aortic and carotid artery specimens contained NK-
1R+ cells, but the intensity of NK-1R immunopositivity
varied markedly between arterial cells. In aortic specimens,
cells that intensely expressed NK-1R were located along
the media-adventitia border, some being present in the
outermost portion of the tunica media (Fig. 1). In carotid
artery specimens, which did not contain the adventitia,
cells intensely expressing NK-1R were observed in the
deepest portion of the media. A comparison of parallel
consecutive sections immunostained with anti-NK-R1 and
antibodies against dendritic cell markers showed that cells
that were strongly immunopositive for NK-1R did not
express any of the dendritic cell markers, including fas-
cin, CD1a, S100, and Lag-antigen. This comparison also
suggested that dendritic cells expressed NK-1R, even
though the expression was low. The Dako CSA system
visualized NK-1R expression in vascular dendritic cells
and revealed that dendritic cells in the adventitia enriched
by SP+ nerve endings also expressed NK-1R. Some mac-
rophages (CD68+), T cells (CD3+), mast cells (mast cell
tryptase+), and endothelial cells of the vasa vasorum (von
Willebrand factor+) displayed NK-1R immunopositivity
when the CSA system was used.

The cells that intensely expressed NK-1R without sig-
nal amplification were found to be negative not only for
fascin, CD1a, S100, and Lag-antigen, but also for CD68,
CD3, CD15, α-smooth muscle actin, von Willebrand fac-
tor, and mast cell tryptase. The nature of these cells was of

Fig. 1 NR-1R+ cells located along the media-adventitia border in
an aortic specimen. Immunohistochemistry. Bar 15 μm
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particular interest. Several NK-1R+ cells were LC-micro-
dissected from aortic specimens (Fig. 2a, b) for ultra-
structural analysis, which revealed that the microdissected
cells were in intimate contacts with nerve endings
(Fig. 2c–e). Nerve endings contained a large number of
free and clustered “clear” vesicles of 30–50 nm in
diameter and some vesicles with electron-dense cores
(Fig. 2c, e). The ultrastructural architectonics of the mi-
crodissected cells was strikingly different from that of
Schwann cells (Gray 1970; Ushiki et al. 1990; Fraher
2002) and from all other cell types known to reside in the
aortic wall, including smooth muscle cells, fibroblasts,

macrophages, lymphocytes, mast cells, pericytes, and
dendritic cells, on the basis of the ultrastructural criteria
for the identification of arterial cell types detailed earlier
(Bobryshev and Lord 1995, 1996)). The cytoplasm and
cellular processes of the microdissected cells contained a
large number of caveoles and uncoated vesicles, the sizes
of which varied from 30 nm to 100 nm in diameter (Fig.
2c, d). Intermediate filaments and the cisterns of granular
and smooth endoplasmic reticulum were well developed,
and the cells were rich in mitochondria but had few
lysosomes. The nuclei were irregularly shaped with the
heterochromatin being distributed mostly along the nuclear

Fig. 2 Ultrastructural appear-
ance of an NK-1R+ cell
microdissected from the media-
adventitia border of an aortic
segment. a, b Consecutive
stages of laser-capture (LC)-
microdissection. c LC-microdis-
sected region. d Detail of
c showing the presence of a
large number of vesicles and
caveolae in the cytoplasm of the
microdissected cell. e Detail of
c showing an association of the
microdissected cell (stars) with
several axons (arrows). Bars
15 μm (b), 1 μm (c)
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membrane. The microdissected cells did not contain the
tubulovesicular system and Birbeck-granule-like struc-
tures unique to vascular dendritic cells (Bobryshev and
Lord 1995, 1996). No basement membrane (basal lamina)
was observed around the plasmalemma. The ultrastructural
features of the microdissected cells from the aorta were
typical of those of ICC (Faussone-Pellegrini and Thuneberg
1999; Vanderwinden and Rumessen 1999), the pacemaker
cells of the gastrointestinal tract (Faussone-Pellegrini and
Thuneberg 1999; Thuneberg 1999; Vanderwinden and
Rumessen 1999; Sperelakis and Daniel 2004). LC-micro-
dissected NK-1R+ cells from carotid arteries showed iden-
tical ultrastructural characteristics to those observed in NK-
1R+ cells microdissected from the aorta. A comparative
immunohistochemical analysis of parallel sections con-
firmed that, in aortic and carotid artery specimens, NK-R1+

cells did not express GFAP, a marker for Schwann cells.
Immunostaining of NK-1R with the LSAB kit and of

c-kit with the anti-c-kit antibody (CD117) in parallel sec-
tions revealed the presence of c-kit+ cells in aortic and
carotid specimens, but no c-kit+ cells co-expressing NK-1R

were found in any specimen. All c-kit+ cells showed typical
mast cell morphology, and toluidine blue gave purple-
stained granules in the cytoplasm of c-kit+ cells.

Fluorescent immunoanalysis of sections stained with
the anti-NK-1R and anti-VIPR1 antibodies showed that, in
all specimens, 20%–40% of NK-1R+ cells were positive for
VIPR1 (Fig. 3a–c). En face immunostaining of tissue
sheets prepared from the media-adventitia border demon-
strated direct contacts between SP+ nerve fibers and NK-
1R+ cells (Fig. 3d). The numbers of cells that intensely
expressed NK-1R were quantified in tissue cross-sections
along the media-adventitia border in non-diseased aortic
segments and varied from 11 to 102 cells per 0.25 mm2

(mean ± SEM: 43.4±8.6; SD: 29.8).
The finding that ICC were present in the arterial wall led

to a systematic ultrastructural analysis of the aortic wall.
Tissue samples along the media-adventitia border and the
underlying adventitia taken from non-diseased aortic seg-
ments were carefully examined, and ICC were identified in
all specimens. In agreement with immunohistochemical
data, ICC were observed to be located in the deep portion

Fig. 3 A group of NK-1R+/
VIPR1+ cells (a–c) and contacts
(d) between NK-1R+ cells (red,
large arrows) and SP+ nerve
fibers (blue, small arrows),
located at the border between
the media and adventitia.
a–c NK-1R+/VIPR1+ cells were
identified by fluorescent IHC.
d Contacts between NK-1R+

cells and SP+ nerve fibers were
visualized by en face double-
immunostaining in a whole-
mount specimen prepared from
a tissue sheet of the media-
adventitia junction of an aortic
segment; Nomarski optics. Bars
10 μm (c, d)
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of the media with their most frequent location being along
the media-adventitia junction. A few ICC were detected in
the most internal portion of the adventitia, but no ICC were
found in more outer portions of the adventitia. During
electron-microscopic examinations, ICC were seen fre-
quently, which suggested that only some ICC strongly
expressed NK-1R.

In the adventitia, the majority of nerve fibers were
unmyelinated with some nerve endings being “naked”.
Nerve fibers were seen in association with Schwann cells,
the ultrastructural characteristics of which were distinctive
(Ushiki et al. 1990; Fraher 1996) and different from those
of ICC (Fig. 4a–f). No Schwann cells were detected in the
internal portion of the media-adventitia border or in the
deep portion of the media, but nerve fibers and bundles of
nerve fibers were present (Fig. 5a, b). ICC contacted nerve
fibers in these locations (Fig. 5c–e). Reconstruction anal-
ysis of serial ultrathin sections revealed that ICC estab-
lished contacts with nerve terminals through the cell

processes. Synaptic-like structures with presynaptic den-
sities and clustered vesicles were observed in these contacts
(Fig. 5d, e).

Electron-microscopic examination showed that ICC
were distributed irregularly and often formed clusters
along the media-adventitia border. In the media, only some
ICC were in direct contact with nerve fibers, but ICC
formed local networks through their long cellular pro-
cesses. Complex labyrinth-like contacts were observed be-
tween ICC, but no gap junctions were detected (Fig. 4f).
ICC were in direct contact with smooth muscle cells in the
deep portion of the media (Fig. 5e). No specialized struc-
tures, such as gap junctions, were detected in zones of ICC/
smooth muscle cell contacts.

In arterial segments with advanced atherosclerotic le-
sions, cells strongly expressing NK-1R were seen along
the media-adventitia border in which they were distrib-
uted irregularly (as found in the specimens unaffected by
atherosclerosis). However, in contrast to non-atheroscle-

Fig. 4 Schwann cell in the
aortic adventitia (a, b) and ICC
located along the media-adven-
titia border (c, d) and in the
deepest portion of the media
(e, f) in non-diseased aortic
segments. b Detail of a.
a Several unmyelinated nerve
fibers are embedded in the
Schwann cell cytoplasm.
b Well-developed basal (base-
ment) membrane (arrows).
d Detail of c. e Contact zone
(arrow) between an ICC and a
smooth muscle cell (SMC).
f Complex interconnections be-
tween ICC processes. Electron
microscopy. Bars 1 μm (a),
5 μm (c, e), 0.5 μm (f)
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rotic segments, a few NK-1R+ cells were detected in areas
underlying the plaque necrotic core (Fig. 6a). All carotid
plaques contained a few NK-1R+ ICC. NK-1R+ ICC were
found in eight of ten aortic plaques. Electron-microscopic
examination confirmed the presence of ICC amongst foam
cells (Fig. 6b) and revealed that these ICC had no structural
contacts with smooth muscle cells. Some ICC displayed
signs of degeneration. Condensation of the mitochondria
matrix and the complete destruction of mitochondria were
evident in ICC with edematous cytoplasm (Fig. 6c, d).
Some ICC also displayed signs of destructive alterations at
the media-adventitia border in atherosclerotic segments
(Fig. 6e, f). Degeneration of nerve endings contacting in-
jured ICC was also observed (Fig. 6e, f).

Discussion

The present work reports several novel observations. First,
the study has revealed that dendritic cells in the arterial wall
express NK-1R, even though this expression is low and
identifiable only when an amplifying kit is used. This
observation is in agreement with the report of Marriott
and Bost (2001) describing NK-1R expression by human
dendritic cells in vitro. The detection of NK-1R+ expres-
sion in vascular dendritic cells suggests that they may be
responsive to the release of SP and, thus, may serve in the
arterial wall as a link between the nervous and immune
systems. The study has also revealed that other cell types,
including macrophages, T cells, mast cells, and endothelial
cells of the vasa vasorum, express NK-1R. The effects of

Fig. 5 a “Naked” nerve fibers
(arrows) in the deep portion of
the aortic media. b Group of
nerve fibers in the deep portion
of the aortic media. c–e Bundle
of axonal varicosities apposed to
the ICC plasmalemma (c), and
several axons (arrows in e)
associated with an ICC process
(star in e) located at the media-
adventitia border of a non-dis-
eased aortic segment. d Detail of
c. Electron microscopy. Bars
0.25 μm (a, b, d, e)
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SP on endothelial cells, macrophages, and T cells have
been examined in a number of in vitro studies (Kang et al.
2001; Annunziata et al. 2002; Guo et al. 2002). The present
observations therefore indicate that these effects identified
in vitro may be involved in the neuronal regulation of non-
neuronal cells in the arterial wall.

The key finding of the present work is that a subset of
NK-1R+ cells display a unique combination of ultrastruc-
tural features enabling these NK-1R+ cells to be identified
as a subset of the ICC family. The family of ICC consists
of intestinal ICC and ICC subtypes recently recognized
in the urogenital tract (Klemm et al. 1999; Sergeant et al.

2000; Pezzone et al. 2003; van der AA et al. 2004; Metzger
et al. 2004). ICC are thought to represent mesenchymal
cells arranged in a characteristic manner in close relation
to nerves and smooth muscle cells in the outer muscular
coats of the gastrointestinal tract (Faussone-Pellegrini and
Thuneberg 1999; Thuneberg 1999; Vanderwinden and
Rumessen 1999; Sperelakis and Daniel 2004). Evidence
suggests that ICC are pacemakers in specified regions of
the gut in some species, including humans (Faussone-
Pellegrini and Thuneberg 1999; Thuneberg 1999;
Vanderwinden and Rumessen 1999; Takayama et al.
2002; Iino et al. 2004; Sperelakis and Daniel 2004).

Fig. 6 NK-1R+ cells (a) and
destructive alterations of arterial
ICC (b–d) in atherosclerotic
segments of the aorta. a IHC.
b-f Electron micriscopy. b Foam
cell (FC). d Detail of c. Note the
destruction of mitochondria and
vacuolization of the cytoplasm.
f Detail of e. Note the edema of
the perinuclear space in an ICC
(star), the degenerating nerve
ending (black arrow), and intact
nerve endings (white arrows).
Bars 15 μm (a), 1 μm (b), 3 μm
(c, e)
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Electrophysiological studies have indicated that ICC are
actively involved in nerve transmission in the gastroin-
testinal tract (Koh et al. 2003; Ward et al. 2004).

In the present work, ICC residing in the arterial wall
have been designated as arterial ICC (AICC). Systematic
electron-microscopic examination of aortic and carotid
specimens have revealed that AICC represent a basic
element of the architectonics of the human large arteries.

Our study suggests that AICC possess distinctive char-
acteristics and represent a unique subtype within the ICC
family. Because of the absence of c-kit expression, AICC
might be more closely related to a subset of c-kit-negative
ICC in the gastrointestinal tract than to the majority of
intestinal ICC that express c-kit. At the present, there is no
specific immunohistochemical marker(s) for the identifi-
cation of AICC. c-kit (CD117) is the most commonly used
marker for the identification of intestinal ICC (Komuro
et al. 1996; Faussone-Pellegrini and Thuneberg 1999;
Vanderwinden and Rumessen 1999). However, c-kit is not
expressed by all ICC in the gastrointestinal tract (Faussone-
Pellegrini and Thuneberg 1999; Vanderwinden and
Rumessen 1999). Furthermore, c-kit is expressed by a va-
riety of cell types including stem cells in the arterial wall
(Hu et al. 2004). In the present study, c-kit+ cells have been
found in the adventitia of the arterial wall, but all adventitial
c-kit+ cells have been identified as mast cells. In the gas-
trointestinal tract, ICC are known to contain vimentin, des-
min, and smooth muscle myosin (Faussone-Pellegrini and
Thuneberg 1999; Vanderwinden and Rumessen 1999), but
these proteins are expressed in various combinations by the
different smooth muscle cell phenotypes (Babaev et al.
1993; Thomas and Campbell 2000; Martinez-Gonzalez
et al. 2001; Hao et al. 2003). Several studies have dem-
onstrated the expression of NK-1R by ICC in the gastro-
intestinal tract (Portbury et al. 1996; Lavin et al. 1998; Jun
et al. 2004). According to the present study, only a pro-
portion of ICC in the arterial wall strongly express NK-1R,
suggesting that AICC may represent a heterogeneous cell
population. We have shown that some arterial NK-1R+ ICC
co-express VIPR1, another marker for ICC identification
(Epperson et al. 2000). Further studies are needed to in-
vestigate the combinations of markers expressed by dif-
ferent AICC phenotypes.

In the absence of unique immunochemical marker(s),
electron microscopy remains “the gold standard” for the
identification of ICC (Komuro et al. 1996, 1999; Komuro
1999; Faussone-Pellegrini and Thuneberg 1999; Thuneberg
1999; Vanderwinden and Rumessen 1999). Although the
ultrastructural criteria for the identification of ICC and
their intercellular interactions are well established and
reliable (Komuro et al. 1996, 1999; Faussone-Pellegrini
and Thuneberg 1999; Vanderwinden and Rumessen 1999),
the lack of electron-microscopic studies of the arterial ad-
ventitia and deep portion of the media may explain why the
presence of ICC in the human arterial wall has not been
previously recognized.

The arterial wall is innervated with nerve endings lo-
calized mostly in the adventitia (Olesen et al. 1995; Laine

et al. 2000). Direct contacts between SP+ nerve endings
and AICC along the media-adventitia border have been
demonstrated in the present study. Moreover, nerve
endings intrude into the deep portion of the media in
which AICC seem to be interposed between autonomic
axons and smooth muscle cells, a feature that also occurs
in some intestinal ICC (Ward and Sanders 2001). Previous
studies have suggested that disturbances of innervation in
the arterial wall may affect or even initiate the develop-
ment of atherosclerotic lesions (Gutterman 1999). A com-
parison between AICC numbers in non-diseased arterial
segments and those in segments affected by atheroscle-
rosis is of interest. Because of the high level of variation
in AICC numbers along the media-adventitia border in
non-diseased aortic segments, such a comparative analysis
would need a selection of representative areas and, thus,
would require the use of autopsy material rather than sur-
gically discarded tissue specimens. The present study sug-
gests that, in advanced atherosclerosis, some AICC lose
their contacts with nerve fibers and smooth muscle cells,
and that some AICC migrate from the media-adventi-
tia border to the disorganized media and atherosclerotic
plaques in which AICC undergo destructive alterations. If
AICC function as a link between smooth muscle cells and
nerve endings, the injury or loss of AICC in atheroscle-
rotic arteries might affect arterialsmooth muscle cell func-
tions. If AICC are shown to be altered functionally in
atherosclerotic vessels, the chalenge will then be to deter-
mine whether such changes are primary or secondary in
the disease process.
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