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Abstract
Both neointimal hyperplasia and inward remodeling contribute to restenosis and lumen loss. Nogo-
B has been recently described as an inhibitor of vascular injury and neointimal hyperplasia. To
determine whether Nogo-B expression may be a mediator of inward remodeling, we examine the
localization of expression of Nogo-B in an in vivo model that examines both neointimal hyperplasia
and inward remodeling. The rabbit carotid artery was subjected to balloon injury, outflow branch
ligation to reduce flow, or both balloon injury and reduction in flow. In balloon injury-induced
neointimal hyperplasia Nogo-B expression was reduced in the intima and media but stimulated in
the adventitia. In low flow-induced inward remodeling medial Nogo-B expression was not reduced
and adventitial Nogo-B expression was not stimulated. Low flow significantly augmented balloon
injury-induced neointimal hyperplasia and was accompanied by reduced intimal and medial Nogo-
B expression, and increased adventitial Nogo-B expression in both smooth muscle cells and
macrophages. Low flow-induced inward remodeling is not associated with changes in medial Nogo-
B expression and is distinct from injury-induced neointimal hyperplasia. Pharmacological strategies
to inhibit neointimal hyperplasia and restenosis using normal flow models may only partially account
for lumen loss and therefore may not accurately predict responses in patients with extensive outflow
disease.
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1. Introduction
Restenosis following arterial injury may be mediated by both neointimal hyperplasia as well
as inward remodeling (Kuntz, Gibson et al. 1993). The immediate response to injury induces
an cascade of cytokine and inflammatory mediators from platelets, endothelial and smooth
muscle cells, stimulating vascular smooth muscle cell proliferation and migration, resulting in
the space-occupying lesion of neointimal hyperplasia and lumen loss (Austin, Ratliff et al.
1985; Bauters and Isner 1997; Schwartz 1998; Ohashi, Matsumori et al. 2000; Rectenwald,
Moldawer et al. 2000). Inward vessel remodeling is an endothelial-dependent compensatory
response to chronic low blood flow and shear stress (Langille and O'Donnell 1986; Zarins,
Zatina et al. 1987; Tronc, Wassef et al. 1996; Qin, Dardik et al. 2001; Tuttle, Nachreiner et al.
2001); multiple studies suggest that inward remodeling is also a significant factor contributing
to the lumen compromise of restenosis (Kamiya and Togawa 1980; Kohler and Jawien 1992;
Kakuta, Currier et al. 1994; Post, Borst et al. 1994; Lafont, Guzman et al. 1995; Harmon,
Couper et al. 2000), and must be treated successfully to address restenosis (Post, de Smet et
al. 1997). The ability of an injured vessel to normalize shear stress may be an important
initiating factor stimulating inward remodeling (Post, Borst et al. 1995; Girerd, London et al.
1996; Guzman, Abe et al. 1997), and identifies the important role of shear stress in vascular
remodeling (Krams, Wentzel et al. 1998; Song, Kocharyan et al. 2000; Ward, Tsao et al.
2001; Paszkowiak and Dardik 2003; Ward, Tsao et al. 2003; Wentzel, Gijsen et al. 2003;
Hanratty, Murrell et al. 2004).

Nogo-B has been recently demonstrated to be expressed in both endothelial cells and smooth
muscle cells, and regulate vascular remodeling in vivo (Acevedo, Yu et al. 2004). In particular,
loss of Nogo-B from the vessel media correlates with neointimal expansion and lumen loss;
adenoviral-mediated gene transfer of Nogo-B in Nogo-B knockout mice rescues injury induced
neointimal expansion (Acevedo, Yu et al. 2004). It is not currently known whether Nogo-B
expression changes with low shear stress and resultant inward remodeling. To determine
whether Nogo-B expression changes during low flow-induced inward remodeling, as well as
low flow-augmented neointimal hyperplasia, we examined the distribution of Nogo-B
expression in the different layers in an injured vessel, and whether this distribution was
modified by low shear stress. In addition, we determined whether Nogo-B was expressed in
smooth muscle cells or macrophages in balloon injured vessels.

2. Methods
2.1. Animal model

Adult male New Zealand white rabbits (3.0 ± 0.2 kg) were used for all procedures. Rabbits
were allowed to acclimate to the facility and maintained on a light/dark cycle of 12/12 hours
at 24°C; access to a normal diet and water was allowed as desired. Animals were weighed and
checked for signs of infection daily. Animal care complied with “Principles of Laboratory
Animal Care” and the “Guide for the Care and Use of Laboratory Animals” (NIH Publication,
revised 1996).

Rabbits were anesthetized with an intramuscular injection of ketamine (50 mg/kg), xylazine
(5 mg/kg), and acepromazine (1 mg/kg) and placed on a warming blanket. Vital signs including
oxygen saturation were monitored continually. Neither mechanical ventilation nor
supplemental intravenous fluid administration was required. No prophylactic antibiotics were
given.

After preparing the neck in sterile fashion with alcohol and betadine, a vertical midline incision
was made and the right carotid artery was exposed. Animals in experimental groups received
either balloon injury (B) to the right common carotid artery, flow reduction (low flow, LF), or
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both balloon injury and flow reduction (B+LF); control animals had no additional intervention
performed.

Balloon injury was performed by introducing a 2-Fr balloon catheter via a distal branch of the
external carotid artery and passing the catheter in retrograde fashion into the proximal common
carotid artery; the balloon was inflated and passed through the entire common carotid artery
three times (approximately 4 cm). After the third pass the catheter was removed and the branch
vessel ligated. Flow in the right common carotid artery was reduced by ligation of the distal
outflow branches of the common carotid artery other than the internal carotid artery; reduction
in flow was verified with a Doppler flow probe (Transonic Systems Inc, Ithaca, NY). In rabbits
receiving both balloon injury and flow reduction, the balloon injury was performed prior to
ligation of the distal branches.

Neither heparin nor antiplatelet agents were given. Blood flow was measured with a Doppler
flow probe and recorded prior to and after intervention in all animals. The external diameter
of the common carotid artery was measured with a micrometer at its midpoint, two centimeters
from the bifurcation. The incision was closed in two layers and the rabbits were placed under
a warming light until fully recovered from anesthesia. After recovery, rabbits were allowed
access to a normal diet and water as desired.

2.2. Specimen harvest
Animals were anesthetized 7 or 21 days after the first procedure. 5-bromo-2′-deoxy-uridine
(BrdU) (30 mg/kg, intraperitoneally) was given 24 and 12 hours prior to specimen harvest in
animals examined on postoperative day 7. The previously made incision was opened and both
common carotid arteries were examined; flow was measured with a Doppler probe and vessel
external diameter directly recorded. The vessels were flushed with saline and then perfusion
fixed in-situ with 500cc 1% formalin at a perfusion pressure of 100–110 mmHg; the arteries
were harvested en bloc for further immersion fixation in 10% formalin. Animals were allowed
to exsanguinate under anesthesia.

2.3. Morphology and Analysis
Vessels were examined at the midpoint of the common carotid artery and stained with
hematoxylin and eosin for computer-aided morphometry (see below). Shear stress was
calculated from the Poiseuille formula SS = 4μQ/πr3 where μ is the viscosity of blood, Q is
the blood flow, and r is the vessel radius. The vessel radius was estimated to be half the external
measured diameter; the viscosity of blood is approximately 0.035 poise. Shear stress was
calculated prior to and immediately after the initial procedure, as well as on day 21 immediately
prior to vessel harvest.

For BrdU detection, sections were incubated with primary anti-BrdU antibody (BD
Pharmingen, Franklin Lakes, NJ) for 2hours at room temperature prior to incubation with 3,3′-
diaminobenzidine tetrahydrochloride (Roche). The sections were counterstained with Mayer’s
Hematoxylin. Positively- and negatively-staining nuclei were directly counted.

Apoptotic cells were detected using the terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL) method using the In Situ Apoptosis Detection Kit (Chemicon)
according to the manufacturer's instructions. Tissue sections were counterstained with
hematoxylin. Apoptotic bodies stained brown, whereas nonapoptotic nuclei were visualized
as blue. The number of the TUNEL-positive cells was defined as the percentage of TUNEL-
positive cells per total number of cells in each layer.

Immunohistochemistry was performed in post-operative day 7 specimens. 5 μm thick slides
were sectioned from specimens embedded in frozen OCT, fixed with cold acetone and rinsed
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in PBS. Endogenous peroxidase activity was blocked by 10 min incubation in 3% H2O2 in
methanol at room temperature. The slides were then rinsed once more with PBS. For Nogo-B
expression the slides were bathed with goat polyclonal IgG antibody Anti-Nogo (Santa Cruz
Biotechnologies, Santa Cruz, CA; Nogo (N-18), #sc-11027, in PBS, dilution 1:3000) in a moist
chamber overnight at 4°C. The slides were subsequently rinsed in PBS and treated with the
secondary antibody (Santa Cruz Biotechnologies donkey anti-goat IgG-B, #sc-2042, in Dako
Antibody Diluent with Background Reducing Components, dilution 1:200) at room
temperature for 30 minutes. Following another wash with PBS, the sections were treated with
Vectastain Elite ABC solution (Vector Laboratories, Burlingame, CA) for 30 minutes.
Visualization was performed using Vector NovaRed substrate at room temperature for
approximately 70 seconds. Sections were counterstained with hematoxylin, dehydrated, and
mounted in Surgipath Sub-X mounting medium.

For immunofluorescence studies, sections were cut to 5μm thickness and stored at −20°C.
Following fixation with cold acetone, endogenous peroxidase activity was quenched with 0.3%
H2O2 in methanol. The first antibodies were then applied as follows: anti-Nogo-B goat
polyclonal IgG (SantaCruz, 1:5000), monoclonal anti-smooth muscle alpha actin (Sigma,
1:500), monoclonal mouse anti-rabbit macrophage RAM-11 (Dako, 1:100). Alexa Fluor 488
and 568 were used for fluorescence. All samples were treated by Autofluorescent Eliminator
Reagent (Chemicon, CA) and mounted by Vectashield hard set mounting medium with DAPI
(Vector Laboratories, CA). Images were captured with an Axiovert 200M (Carl Zeiss
MicroImaging, NY) under identical conditions. Cells staining positively for alpha actin or
RAM-11 were directly counted.

Analysis was performed using the Metamorph Imaging System (Molecular Devices
Corporation, Sunnyvale, CA). Each section was photographed at eight equidistant sampling
points at a magnification of 20X. Using the Metamorph software the areas of the intima/
neointima, media, and adventitia as well as cross-sectional area were selected for each
photograph. The intima was defined as the area above the internal elastic lamina, in the luminal
direction; the area containing neointimal SMC was included when present. The threshold for
positive staining was set and analysis was performed by the Metamorph program designating
the percent positive-stained area for each respective region. Each artery was assessed using
three separate sections and in blinded fashion; initial results of specimen morphometry were
confirmed with computerized digital morphometry (ImageJ 1.3, NIH).

2.4. Statistical analysis
Results are presented as mean ± SEM. Morphometric and hemodynamic results were analyzed
using ANOVA and subgroups compared with Fischer’s PLSD post-hoc test (Statview 5.0, SAS
Institute, Cary, NC). A p-value ≤ 0.05 was considered statistically significant.

3. Results
3.1. A reduction in blood flow augments neointimal thickening after balloon injury

Rabbits were sham operated (control, n=21), balloon injured (B), exposed to flow reduction
(low flow, LF), or both procedures (B+LF) and several parameters measured. As seen in Figure
1, carotid arterial blood flow (Figure 1A) and shear stress (Figure 1B) were reduced after 21
days in the LF and B+LF groups. There were no differences in carotid artery external diameters
before or after the procedures (data not shown), but external diameters were reduced after 21
days in the LF and B+LF groups (Figure 1C), suggesting inward remodeling in LF vessels. As
seen in representative images in Figure 1D, treatment with B induced neointimal thickening
(column 2, upper panel low magnification and lower panel high magnification) compared to
control vessels (column 1, both panels); similarly, treatment with LF did not grossly affect
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vessel architecture (column 3, both panels). However, combining B with LF augmented the
balloon injury-induced neointimal thickening (column 4, both panels). Morphometric analysis
showed that lumen diameter was significantly reduced only in animals having both balloon
injury and LF (Figure 1E). Medial areas were similar between the groups (Figure 1F) and the
ratio of neointimal:medial thickness was increased after balloon injury; an effect augmented
by combining balloon injury with LF (Figure 1G). These data show that LF enhances
neointimal thickening formed in response to balloon injury as previously described (Song,
Kocharyan et al. 2000;Ward, Tsao et al. 2001;Hanratty, Murrell et al. 2004).

3.2. Flow-induced remodeling is distinct from vessel injury-evoked remodeling
To determine the rate of proliferation of cells within the wall in response to B, LF, or B+LF,
proliferating cells were examined by injections of the DNA analog BrdU after 7 days of
remodeling (n=12). In sham operated animals, there were no detectable BrdU-positive cells in
the vessel wall. B increased the number of BrdU-positive cells in all layers of the vessel wall
whereas LF only increased proliferating cells in the adventitia. Combining B+LF also increased
the number of BrdU-positive cells in all layers of the vessel, with the majority of the
proliferating cells in the media (Figure 2A). To examine the relative levels of apoptosis,
TUNEL staining was performed. In control vessels, TUNEL-positive cells were undetectable.
B increased the number TUNEL-positive cells uniformly in all layers of the vessel examined
whereas LF only increased TUNEL-positive cells in the adventitial layer of vessels. Combining
B+LF increased TUNEL-positive cells uniformly in all vessel layers, with the majority of in
the TUNEL positive cells uniformly throughout the media (Figure 2B). These results suggest
that B stimulates both proliferation and apoptosis in all vessel layers, but LF stimulates
apoptosis and proliferation predominantly in the adventitia, and the combination of B+LF
further stimulates cell turnover in all vessel layers but predominantly in media.

3.3. Changes in medial and adventitial Nogo-B levels correlate with neointimal expansion,
but not adaptive remodeling

Since reduced Nogo-B immunoreactivity correlates with carotid arterial injury and Nogo-B
deficient mice have accelerated neointima formation after wire injury,(Acevedo, Yu et al.
2004) we determined the pattern of Nogo-B expression in rabbit arteries exposed to injury with
and without flow changes. In control vessels, Nogo-B was strongly expressed in the intima
and media with little protein in the adventitia (first panels, top and bottom in Figure 3A, with
quantification in Figure 3B). Treatment with B injury reduced immunoreactive Nogo-B in the
intima and media, and increased Nogo-B levels in the adventitia (second panels). Treatment
with LF also reduced Nogo-B levels in the intima but did not change the levels in the media
or adventitia (third panels). However, with treatment with both B+LF, Nogo-B levels were
reduced in both intima and media and increased in adventitia compared with control or LF
alone. These results show that balloon injury of rabbit carotid arteries, similar to wire injury
of mouse carotid arteries, results in increased cellular proliferation, apoptosis and decreased
Nogo-B levels in the intima and media. Low flow-stimulated inward remodeling decreased
intimal Nogo-B levels but is not associated with other indices of vessel injury (proliferation,
apoptosis or changes in medial Nogo-B). However, after combined balloon injury with reduced
flow, the adaptative remodeling triggered by flow alone is surpassed by the response to injury
and Nogo-B levels in the vessel wall are similar to B alone.

Finally, to determine the identity of cells in the media that expressed Nogo-B, we used
immunofluorescence microscopy to colocalize Nogo-B with smooth muscle alpha-actin.
Immunoreactive Nogo-B (green channel) and alpha-actin (red channel) colocalized (yellow
color) in the media of all vessels, consistent with the presence of Nogo-B in medial smooth
muscle cells (Figure 4A, top panels). In vessels where Nogo-B levels were higher in the
adventitia, i.e. with B or B+LF treatments, adventitial Nogo-B did not colocalize with alpha-
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actin (Figure 4A) but partially colocalized with the macrophage marker RAM-11 (Figure 4B),
suggesting that at least some of the Nogo-B-containing adventitial cells in balloon injured
vessels were macrophages (see Figure 4C for quantification of Nogo-B and RAM-11 positive
cells in the adventitia).

4. Discussion
We demonstrate in the rabbit carotid artery that balloon injury-induced neointimal hyperplasia
is accompanied by increased cell turnover in all layers of the vessel wall and, although Nogo-
B levels are reduced in the intima and media, Nogo-B levels are enhanced in the adventitia.
Low flow-induced inward remodeling in the absence of neointima stimulates adventitial cell
turnover and apoptosis. This is associated with a decrease in intimal Nogo-B, but no change
in medial or adventitial Nogo-B levels suggesting that low flow-induced inward remodeling
differs mechanistically from vessel injury. Finally, we demonstrate that low flow significantly
augments balloon injury-induced neointimal hyperplasia and is accompanied by increased
medial cell turnover, reduced intimal and medial Nogo-B expression, and increased adventitial
Nogo-B expression in macrophages, consistent with enhanced response to injury. These data
support the idea that Nogo-B is an endogenous regulator of vascular inflammation and that the
loss of Nogo-B correlates with interventions that trigger intimal remodeling or neointimal
expansion.

The role of shear stress in arterial hemodynamics and response to injury has been extensively
studied (Dewey, Bussolari et al. 1981; Zarins, Giddens et al. 1983; Zarins, Zatina et al. 1987;
Traub and Berk 1998; Garcia-Cardena, Comander et al. 2001; Paszkowiak and Dardik 2003).
The rabbit carotid artery injury model is established and has provided mechanistic insight into
the role of reduced shear stress in negative remodeling (Langille and O'Donnell 1986; Langille,
Bendeck et al. 1989). This model has been criticized since neointima does not form in the
presence of low flow (Korshunov and Berk 2003). However, in the presence of both balloon
injury and low flow, both inward remodeling and neointimal hyperplasia are augmented (Ward,
Tsao et al. 2003; Hanratty, Murrell et al. 2004). We demonstrate significantly enhanced
neointimal hyperplasia in the presence of low flow, compared to the response to balloon injury
alone (Figure 1G) thus demonstrating the relevance of the rabbit carotid artery response to
injury as a model of human stenosis that often occur in tandem fashion, with resultant low
flow.

Although the contribution of the different layers of the vessel wall is apparent in this study,
the role of the adventitia has traditionally been underappreciated. Apoptosis occurs during
inward vessel remodeling; however, the cell layer in which it occurs is not consistently
localized in some studies (Dimmeler and Zeiher 2000; Kalra and Miller 2000; Sata, Maejima
et al. 2000; Sho, Sho et al. 2001). For example, Sata et al. demonstrate medial apoptosis in
response to wire injury in the mouse but also present data that there appears to be extensive
apoptosis in the adventitia (Sata, Maejima et al. 2000). However, many studies have
demonstrated a role for the adventitia in the response to injury (Booth, Martin et al. 1989;
Scott, Cipolla et al. 1996; Shi, O'Brien et al. 1996; Shi, Pieniek et al. 1996; Li, Chen et al.
2000; Zalewski, Shi et al. 2002; Hu, Zhang et al. 2004; Stenmark, Davie et al. 2006). These
studies suggest that the adventitia plays an active role in the vessel’s response to injury, and
may serve as a source of both cells and mediators to recruit additional cell types (Gutterman
1999; Zalewski, Shi et al. 2002; Hu, Zhang et al. 2004; Stenmark, Davie et al. 2006). Recent
studies in the mouse have demonstrated changes in the adventitial volume in response to flow
(Korshunov and Berk 2003). In addition, the adventitia may be an optimal site to apply
therapeutic agents, compared to application within the lumen (Kalra, Jost et al. 2000). Although
low flow increases macrophage infiltration in the media and adventitia in experimental
aneurysms (Sho, Sho et al. 2004), macrophages were not detected in the non-aneurysmal rabbit
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carotid arteries in the present study. Both proliferation and apoptosis in response to low flow
are maximal in the adventitia, compared to other layers of the vessel wall (Figure 2). Our results
differ from previous studies in a similar model that reported intimal and medial apoptosis
(Cho, Mitchell et al. 1997), possibly since we examine adult, rather than young immature,
rabbits.

Nogo-B is a ubiquitous member of the reticulon protein family; Nogo-A and –C isoforms are
generally restricted to the central nervous system (GrandPre, Nakamura et al. 2000). The
function of Nogo is unknown, even though it may interact with diverse proteins such as Nogo-
receptor, Bcl-2, Bcl-XL, myelin basic protein, and alpha-tubulin (Teng, Ling et al. 2004).
Nogo-B is found on the cell surface and has been recently postulated to form a channel or
transporter, although its ability to interact with MAPKAP-K2 and the p38 pathway may imply
diverse intracellular roles (Dodd, Niederoest et al. 2005; Rousseau, Peggie et al. 2005). Nogo-
B is found in vascular endothelial cells and smooth muscle cells, and is down regulated in
vessel injury and neointimal hyperplasia (Acevedo, Yu et al. 2004). Here we confirm that
Nogo-B is down regulated in the intima and media in response to balloon injury and
demonstrate its medial preservation in low flow-induced inward remodeling (Figure 3). This
data argue in favor of the idea that vessel remodeling in response to flow occurs via separate
pathways than those stimulated in pathological responses to injury, leading to neointimal
hyperplasia.

We also demonstrate increased Nogo-B levels in the adventitia of balloon-injured vessels
(Figure 3). Since the cells expressing Nogo-B do not express alpha-actin, we believe that
infiltrating cells, such as macrophages, may express Nogo-B in the adventitia of balloon-
injured vessels. These results are consistent with our finding of increased inflammation and
edema in the adventitia of these vessels (Figure 3), as well as colocalization of Nogo-B with
RAM-11 in adventitial cells (Figure 4). Previous studies have demonstrated that alpha-actin
containing adventitial cells – “adventitial myofibroblasts” – contribute to neointima formation
(Scott, Cipolla et al. 1996;Shi, O'Brien et al. 1996;Shi, Pieniek et al. 1996); our results do not
exclude these findings, but suggest an additional cell type that might contribute to vascular
remodeling. Since macrophages express Nogo-B (Figure 4), these cells may be a source for
adventitial Nogo-B; the ability of Nogo-B to stimulate vascular cell migration suggests a role
for the adventitia in the response to vessel injury and adaptation (Acevedo, Yu et al. 2004).
The inability of macrophages to enter the vessel media, restricting them to the adventitia, may
be a consequence of the immunoprivileged properties of the media (Dal Canto, Swanson et al.
2001).

These results suggest that the loss of Nogo-B is a good biomarker for injury-induced neointimal
hyperplasia that is distinct from low flow-induced inward remodeling. Precisely how the loss
of Nogo-B promotes intimal expansion in response to injury is not known, but our data is
consistent with a model in which Nogo-B serves as a negative regulator of PDGF induced
smooth muscle migration (Acevedo, Yu et al. 2004). Reduced intimal and preserved medial
Nogo-B levels during low flow-induced inward remodeling suggest a role for medial smooth
muscle cells containing Nogo-B in the prevention of intimal expansion in the absence of injury.
However, the mechanism by which endothelial cells sense low flow and have reduced Nogo-
B levels during inward remodeling is not clear. Taken together, these results suggest that injury-
induced neointimal hyperplasia is distinct from low flow-induced inward remodeling and that
therapeutic strategies based solely on inhibition of neointimal hyperplasia may only partially
account for lumen loss in complex arterial disease.
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Figure 1.
Effects of interactions on vessel size and hemodynamics (21d). A) Reduced flow in animals
treated with low flow (LF) (*, p<.0001, post-hoc) or balloon injury and low flow (B + LF) (*,
p<.0001) compared to control animals or animals treated with balloon injury (B) alone (p<.
0001, ANOVA; n=21). B) Reduced shear stress in animals treated with LF (*, p=.01, post-
hoc) or B+LF (*, p=.03) compared to control animals or animals treated with B alone (p=.001,
ANOVA). C) Reduced diameter in animals treated with LF (*, p=.04, post-hoc) or B+LF (*,
p=.003) compared to control animals or animals treated with B alone (p=.02, ANOVA). The
21% decrease in diameter in the LF group is similar to previous reports.(Langille and O'Donnell
1986) D) Representative photomicrographs of low and high power magnification of vessels
(control, B, LF, B+LF). Scale bar, 100 μm. E) Reduced lumen diameter in animals treated with
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B+LF (*, p=.02, post-hoc) compared to control animals (p=.02, ANOVA). F) Similar media
area between animal groups (p=.28, ANOVA). G) Increased neointima:media ratio in animals
treated with B or B+LF (p<.0001, ANOVA). The increased neointima:media ratio in B+LF,
compared to the increase in B, is significant (*, p=.01, post-hoc).
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Figure 2.
Proliferation and apoptosis in vessels (7d). A) The percentage of cells staining positively for
BrdU is plotted according to location within the vessel wall. The difference between the
adventitia and the other layers in the LF group is significant (*; p=.005, post-hoc); the difference
between the media in the B+LF group and the media of the other groups is significant (*; p=.
02, post-hoc; n=12). B) The percentage of cells staining positively for TUNEL is plotted
according to location within the vessel wall. The difference between the media in the B+LF
group and the media of the other groups is significant (*; p=.01, post-hoc).
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Figure 3.
Nogo-B expression in the rabbit carotid artery (7d). A) Representative photomicrographs
demonstrating immunohistochemistry for Nogo-B in the rabbit carotid artery (day 7), treated
with: control, B, LF, B+LF. Scale bar, 100 μm. B) Quantitative analysis of Nogo-B density in
the intima, media and adventitia.
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Figure 4.
Nogo-B localization in the rabbit carotid artery (7d). A) Representative photomicrographs
demonstrating immunofluorescence for Nogo-B (green), alpha-actin (red), or both merged
(yellow) in the rabbit carotid artery (day 7), treated with: control, B, LF, B+LF. Nuclei are
indicated by DAPI (blue) fluorescence. Row I: Media; Row II: Adventitia. Scale bar, 20 μm.
Arrowheads represent cells staining for Nogo-B and alpha-actin (media), and cells staining for
Nogo-B but not alpha-actin (adventitia); white stars represent autofluorescence of the medial
elastic laminae. B) Representative photomicrographs demonstrating merged
immunofluorescence for Nogo-B (green), RAM-11 (red), or both merged (yellow); and nuclei
with DAPI (blue). Row I: Media; Row II: Adventitia. Scale bar, 20 μm. Arrowheads represent
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cells staining for Nogo-B but not RAM-11 (media), and cells staining for both Nogo-B and
RAM-11 (adventitia); white stars represent autofluorescence of the medial elastic laminae.
C) Bar graph demonstrating the percentage of cells staining positively for Nogo-B (white bars)
and RAM-11 (black bars) in the adventitia of rabbits treated with: control, B, LF, B+LF.
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