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Background: Imaging modalities to assess atherosclerotic plaque thrombogenicity have not been established, so
in this study the relationship between ['8F]-fluorodeoxyglucose (8F-FDG) uptake and thrombus formation was in-
vestigated in rabbit atherosclerotic arteries.

Methods and Results: Atherosclerotic plaque was induced in the iliacofemoral artery by balloon injury and a 0.5%
cholesterol diet. At 3 weeks after the first balloon injury, the arteries were visualized by '8F-FDG positron emission
tomography (PET) imaging 2h after an '8F-FDG infusion, and then arterial thrombus was induced by a second bal-
loon injury of both iliacofemoral arteries. Imaging with '8F-FDG-PET revealed significantly more radioactivity along
the injured (0.63+0.12 SUVmax), than the contralateral non-injured artery (0.34+0.08 SUVmax, n=17, P<0.0001).
Arterial radioactivity measured by autoradiography positively correlated with macrophage area, the number of nuclei
that were immunopositive for nuclear factor k B (NF-«B), and tissue factor (TF) expression. The immunopositive
areas for glycoprotein llb/llla and fibrin in thrombi were significantly larger in the atherosclerotic than in the contra-
lateral arteries, and significantly correlated with radioactivity in PET (r=0.92, P<0.001, n=10) and autoradiography
(r=0.73, P<0.0001, n=50) in the arteries. Inhibition of NF-«B significantly reduced TF expression in cultured athero-
sclerotic plaque.

Conclusions: Arterial 8F-FDG uptake reflects the thrombogenicity of atherosclerotic plaque following balloon injury.
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sclerosis, but although disruption of atherosclerotic

plaques is recognized as a trigger of atherothrombosis,
not all thrombi result in complete luminal occlusion and symp-
tomatic events.!? Therefore, thrombus size is critical to the
onset of clinical events. Thrombus formation and propagation
are regulated by many factors, such as vascular wall thrombo-
genicity, local hemorheology, blood thrombogenicity, and fi-
brinolytic activity.> Among these, the thrombogenicity of ath-

T hrombus formation is a major complication of athero-

erosclerotic plaque is an essential factor in atherothrombosis.
Tissue factor (TF) is an initiator of the coagulation cascade that
is expressed in the adventitia and to various degrees in the
media of normal arteries.* Because atherosclerotic plaques
express TF, the degree of TF expression is a crucial determi-
nant of plaque thrombogenicity.5 Although current imaging
modalities support high-quality plaque characterization,’ those
that can assess atherosclerotic plaque thrombogenicity have not
been established.
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Figure 1. Experimental protocol for the animal studies of ['8F]-fluorodeoxyglucose ('8F-FDG) uptake and thrombus formation in
rabbit atherosclerotic arteries (n=5 Japanese white rabbits). ARG, autoradiography; IHC, immunohistochemistry.

arteries

Positron emission tomography (PET) imaging using ['®F]-
fluorodeoxyglucose ('8 F-FDG) has been advocated as a means
of evaluating arterial inflammation.” The uptake of '*F-FDG
closely correlates with plaque macrophage contents in animal
models,>1* which suggests that the degree of 8F-FDG accu-
mulation in the vessel wall reflects underlying levels of inflam-
mation. Clinical studies have also identified a relationship be-
tween 8F-FDG uptake and numbers of cardiovascular risk
factors, as well as risk for future events.!'-13 The uptake of
IBE-FDG is significantly higher in aortic segments with, than
without thrombus in a rabbit model of advanced atherosclero-
sis.* These lines of evidence imply an association between
BF-FDG uptake and arterial thrombus formation, although the
underlying mechanism is unknown. We investigated this no-
tion in a rabbit model of atherosclerosis.

Methods

Experimental Protocol

The Animal Care Committee of Miyazaki University and
Hokkaido University approved the animal research protocols
of the present study, which also conformed to the Guide for
the Care and Use of Laboratory Animals published by the US
National Institutes of Health.

Figure 1 shows the experimental protocol of the '¥F-FDG-
PET study. The 5 male Japanese white rabbits weighing 2.5—
3.0kg were fed with a 0.5% cholesterol diet, and the iliaco-
femoral artery was injured with a balloon catheter to induce
atherosclerotic lesions. At 3 weeks after the first balloon in-
jury, BF-FDG-PET imaging proceeded 2 h after '*F-FDG infu-
sion. Arterial thrombus was induced by a second balloon in-
jury to both iliacofemoral arteries and 15 min later, the amount
of radioactivity in the arteries was evaluated and the arteries
were immunohistochemically analyzed.

Atherosclerosis and Thrombosis Model

Surgery proceeded under aseptic conditions and general anes-
thesia was achieved via an intravenous injection of pentobar-
bital (25mg/kg). At 1 week after feeding with a 0.5% choles-
terol diet, an angioplasty balloon catheter (diameter, 2.5 mm;
length, 9mm; Quantum, Boston Scientific, Galway, Ireland)
was inserted using a 4F introducer sheath (Goodman, Nagoya,
Japan) via the carotid artery into the right iliacofemoral artery
under fluoroscopic guidance to induce an atherosclerotic lesion
in the artery. The catheter was inflated to 1.5 atm (balloon-to-
artery ratio; 1.1:1 to 1.2:1) and retracted 3 times to denude the

endothelium.

After 8F-FDG-PET imaging, a 2F balloon catheter (Baxter
Healthcare) was inserted via the anterior tibial arteries into both
iliacofemoral arteries, inflated to 1.4 atm, and retracted twice to
induce arterial thrombus;'® 15min later, the rabbits were in-
jected with heparin (500 U/kg, i.v.) and then killed 5 min later
with an overdose of pentobarbital (60 mg/kg, i.v.). The ani-
mals were perfused with 50ml of cold 0.01 mol/L of phos-
phate-buffered saline to remove residual blood from the arter-
ies for subsequent autoradiography and immunohistochemical
evaluation.

PET Imaging and Analysis

BE-FDG-PET imaging proceeded as described with minor
modifications.!® The rabbits (n=5) were fasted for 4h prior to
PET scanning, infused with '8F-FDG (average, 193 MBg/rabbit)
2h prior to imaging, and anesthetized by 1.5-2.0% isoflurane
inhalation. The injected dose of 8F-FDG was determined in
consideration of the half-life of '8F (110min). After urinary
bladder lavage with warmed saline, the rabbits were placed
supine on a customized acrylic bed in a small animal PET scan-
ner (Inveon, Siemens Medical Solutions USA, Knoxville, TN,
USA) and scanned (list-mode acquisition) for 40 min. Body
temperature (37.4+0.2°C) was maintained using cotton bed-
ding prepared during the PET scanning. The data were recon-
structed and corrected for attenuation and scatter using 2D fil-
tered back-projection (FBP) and maximum a posteriori (MAP)
algorithm. The spatial resolution was 1.63mm full-width at
half-maximum (FWHM) in FBP and 1.05 mm FWHM in MAP.
The former was used to quantify the radioactivity and the latter
for visual observations. The image matrix was 256x256x159,
resulting in a voxel size of 0.385x0.385x0.796 mm. Coronal,
axial and sagittal images were visually graded. Coronal images
were quantified by centering regions of interest (ROIs) over the
iliacofemoral arteries, then 3 or 4 circular ROIs (10 pixels in
diameter) in the FBP images were placed on each injured and
contralateral non-injured artery. The results are expressed as
standardized uptake value (SUV). The maximum values of
SUV (SUVmax) for the bilateral arteries were confirmed and
represented the '8F-FDG uptake in the PET images.

Radioactivity of Tissue and Arterial Slices

The amount of radioactivity in the iliacofemoral arteries, skel-
etal muscle tissue, and blood was measured using a well-type
y-counter (1480 Wizard 3; Wallac Co Ltd, Turku, Finland).
The results are calculated as (%ID/g)xkg and then converted
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to SUV.Y7

The arteries were cut into 5 sections that were embedded in
Tissue-Tek (Sakura, Tokyo, Japan) and frozen. Consecutive
10- or 5-um slices were prepared for autoradiographic or his-
tologic analysis, respectively. The 10-ym cryostat sections
were exposed to phosphor imaging plates (Fuji Imaging Plate
BAS-SR 2025, Fuji Photo Film Co Ltd, Tokyo, Japan) for 12h,
together with a set of calibrated standards.® The imaging plates
were then scanned using a Fuji Bio-imaging Analyzer BAS-
5000 with an internal resolution of 25 ym (Fuji Photo Film Co
Ltd) and the images were examined using image analysis
software (Multi Gauge Ver. 3.0, Fuji Photo Film Co Ltd). The
amount of radioactivity in each image is expressed as photo-
stimulated luminescence per unit area (PSL=axDxt, where a is
a constant, D is the amount of radioactivity exposed on the
image plate, and t is exposure time). Each PSL value/mm? of
arterial tissue was recorded and converted to a ratio (%) of the
activity of the standard injected dose/mm? of lesion area (%
ID/mm?). The data were normalized with the animal’s body
weight (%IDxkg/mm?) and then converted to SUV.18

Histologic Analysis

Consecutive 5-um slices were fixed in acetone, stained with
hematoxylin—eosin, and immunohistochemically examined
using antibodies against muscle actin (HHF35, Dako, Glostrup,
Denmark), rabbit macrophages (RAM11, Dako), CD163 (AM-
3K, Trans Genic Inc, Kobe, Japan), nuclear factor x B (NF-xB;
Abnova, Taipei, Taiwan), TF (mouse IgG2b subclass for rabbit
TF extracellular domain (193Ser-207Cys)), glycoprotein (GP)
IIb-Illa (Affinity Biologicals Inc, Hamilton, CA, USA) and
rabbit fibrin (Takeda Chemical Industries Ltd, Osaka, Japan).
The sections were stained with Envision (Dako) or donkey
anti-sheep IgG secondary antibody (Jackson ImmunoResearch,
Baltimore, MA, USA). Horseradish peroxidase activity was
visualized using 3, 3’-diaminobenzidine tetrahydrochloride,
and counterstained with Meyer’s hematoxylin. Immunostain-
ing controls included non-immune mouse IgG or non-immune
sheep serum instead of the primary antibodies. Areas of posi-
tive immunostaining in the vessel and thrombus were analyzed
using a color imaging morphometry system (Win Roof, Mitani,
Fukui, Japan).'* The data are expressed as ratios of the immu-
nopositive area (um?), or as numbers of immunopositive nu-
clei/mm?.

For double immunofluorescence, antibodies for rabbit mac-
rophage (RbM2, TransGenic Inc) and smooth muscle actin
(SMA; 1A4, Novus Biologicals, Littleton, CA, USA) were la-
beled with Mix-n-Stain CF594 antibody labeling kit (Biotium,
Hayward, CA, USA). The sections were stained with CF488A
labeled secondary antibody (Biotium) for NF-«B and CF594-
labeled antibodies for rabbit macrophages or SMA.

Tissue Culture of Rabbit Atherosclerotic Plaque

Atherosclerotic lesions were induced as described. The rabbits
were injected with heparin (500 U/kg, i.v.), killed 5min later
with an overdose of pentobarbital (60 mg/kg, i.v.) and perfused
with 50ml of 0.01 mol/LL of phosphate-buffered saline and
Dulbecco’s modified Eagle’s medium. The iliacofemoral artery
was excised and the atherosclerotic plaque was separated from
the media and adventitia. The plaque was divided into 3-mm
segments and placed in incubation medium containing 10%
fetal bovine serum in multidishes for 6h. Cell viability was
evaluated in plaque segments stained with nicotinamide ade-
nine dinucleotide-hydrogen (NADH) and nitro blue tetrazoli-
um. The plaque segments (n=5) were frozen before or 6 h after
incubation, and then 5-ym sections were incubated at 37°C for

1h in 10ml of Gomeri Tris-HCI buffer (pH 7.4) containing
24 mg of nitroblue tetrazolium (Nacalai Tesque, Kyoto, Japan)
and 10mg of NADH (CalBiochem, San Diego, CA, USA).?
The amount of TF protein in plaque segments was measured
using a rabbit TF ELISA kit (Uscn Life Science Inc, Wuhan,
China) before and at 6h after incubation with Bay 11-7085
(an inhibitor of inhibitor of kB kinase, Merck, Darmstadt,
Germany) or dimethyl sulfoxide.

Statistical Analysis

All data are presented as means and standard deviation. Dif-
ferences between individual groups were tested using the
Mann-Whitney U-test (GraphPad Prizm 4.03, GraphPad Soft-
ware Inc, San Diego, CA, USA). Relationships between fac-
tors were evaluated using Spearman’s rank correlation coef-
ficient and P<0.05 was considered statistically significant.

Results

PET Imaging and Radioactivity of Arteries

Figure 2 shows the '8F-FDG-PET coronal MAP image and
radioactivity accumulation before arterial thrombus formation.
The accumulation of '8F-FDG is greater along the injured than
the non-injured artery (Figure 2A). We compared '!F-FDG
uptake between the injured and non-injured arteries by analyz-
ing coronal FBP images after drawing ROIs centered over the
iliacofemoral arteries. The maximal amount of radioactivity in
the ROIs was significantly higher in the injured than in the
non-injured arteries (0.6320.12 vs. 0.34£0.08 SUVmax; n=17,
P<0.0001; Figure 2B). Significantly more radioactivity was
found in the excised injured but not the non-injured iliacofemo-
ral artery (1.3210.55 vs. 0.3520.11 SUVmean; n=5, P<0.01;
Figure 2C). Figure 2D shows that level of 8F-FDG uptake
correlated between PET image and tissue (r=0.71, P<0.05;
n=10). Levels of '8F-FDG uptake were similar among the non-
injured artery, blood and skeletal muscle tissue (0.35+0.11,
0.2810.05 and 0.37£0.24 SUV, respectively; mean, n=5).

Autoradiographic and Histologic Findings

Figures 3A and 3B shows the autoradiographic and histologic
images of the injured and non-injured arteries with thrombi.
Significantly more radioactivity was found in sections of the
injured than the non-injured artery (7.96+3.84 vs. 1.05%0.93
SUV mean, n=25; P<0.0001). We evaluated cellular compo-
nents, inflammatory response, vascular wall thrombogenicity
and thrombus content by immunohistochemical staining for
muscle actin, RAM11 (macrophage), CD163 (M2 macrophage
marker), NF-xB, TF, GPIIb/Illa and fibrin. The cellular com-
position at 3 weeks before injured arteries was rich in macro-
phages with smooth muscle cells (SMCs) (ie, atherosclerotic),
whereas that in the contralateral artery mainly comprised SMCs
with a few macrophages in the adventitia (Figures 3A,B).
The CD163-immunopositive area accounted for 0.2% in the
atherosclerotic arteries. The ratio of CD163 positive area to
RAML1 positive area was 0.01. The ratio of immunopositive
areas for muscle actin and macrophages to vascular area was
significantly smaller and larger, respectively, in the atheroscle-
rotic than in the contralateral arteries (Figure 3B).

Thrombi that developed within 15min of balloon injury
comprised platelets and fibrin (Figure 3A). More areas were
immunopositive for GPIIb/Ila and/or fibrin in the atheroscle-
rotic (GPIIb/Ma, 0.030+£0.019 mm?; fibrin, 0.021+0.019 mm?;
GPIIIb/IMa+fibrin, 0.05240.035 mm?) than in the contralat-
eral (GPIIb/Ila, 0.010£0.002 mm?; P<0.0001, n=25; fibrin,
0.00510.003 mm?; P<0.0001, n=25; GPIIIb/Ila+fibrin, 0.010t
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0.003 mm?2, P<0.0001; n=25) arteries (Figure 3B).

Immunoreactivity for NF-kB and TF was mainly local-
ized in the macrophage-rich area in the atherosclerotic artery
(Figure 4A). Double immunofluorescence showed NF-xB-
immunopositive nuclei in macrophages and SMCs (Figure 4B).
The ratio of macrophage to NF-«B-positive nuclei (69£13%,
n=13) was more than the ratio of SMCs to them (26:9%, n=13,
P<0.0001). Immunopositive nuclei for NF-xB and the immu-
nopositive area for TF were greater in the atherosclerotic (NF-
xB: 208+225/mm?, TF: 4.743.3%) than in the contralateral (NF-
xB, 22433/mm?, P<0.0001, n=25; TF, 0.410.4%, P<0.0001,
n=25) artery (Figure 4C). In addition, the number of NF-xB
positive nuclei and TF immunopositive areas significantly cor-
related (r=0.63, P<0.0001, n=50; Figure 4C).

Correlation Between 8F-FDG Uptake and Histologic
Findings

Figure 5 shows the correlation between 8F-FDG uptake and
vascular/thrombus factors. Autoradiographic ®F-FDG uptake
positively correlated with areas that were immunopositive

(%) for macrophages (r=0.71, P<0.0001, n=50), TF (r=0.64,
P<0.0001, n=50), and the number of NF-xB (r=0.85, P<0.0001,
n=50), and negatively with SMCs (r=-0.44, P<0.01, n=50)
(Figure 5A). The '8F-FDG uptake also positively correlated
with areas that were immunopositive for GPIIb/Illa (r=0.77,
P<0.0001, n=50), fibrin (r=0.66, P<0.0001, n=50), GPIIb/Illa
and fibrin (r=0.73, P<0.0001, n=50; Figure 5B). In addition,
maximal '8F-FDG uptake in PET images positively correlated
with areas that were immunopositive for GPIIb/Illa (r=0.82,
P<0.01, n=10), fibrin (r=0.95, P<0.001, n=10), GPIIb/Ila and
fibrin (r=0.92, P<0.001, n=10; Figure 5C).

TF Expression in Tissue Cultures of Atherosclerotic Plaque

We assayed cultured plaques to determine the associations
between NF-xB and TF expression in rabbit atherosclerotic
lesions. Atherosclerotic lesions were cut into 2-mm sections
and cultured in conditioning medium with 10% FBS. The num-
ber of NF-xB-immunopositive nuclei and the TF protein lev-
els in the plaques were significantly increased 6h later, com-
pared with before plaque culture. Inhibiting NF-xB using Bay
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Figure 3. Autoradiographic (ARG) and histologic findings of atherosclerotic (injured) and contralateral (non-injured) arteries with
thrombus in rabbits fed with 0.5% cholesterol diet. (A) Representative autoradiogram (HE stain), and immunohistochemistry for
muscle actin, rabbit macrophage, GPIlb/llla, and fibrin. Immunoreaction is visualized by 3, 3'-diaminobenzidine tetrahydrochloride
(brown). Uptake of '8F-FDG is low in the contralateral artery (Upper) comprising smooth muscle cells (SMCs) and some macro-
phages and a thin layer of mural thrombus comprising platelets and fibrin (arrowheads) covers the luminal surface. Uptake of
8F-FDG is high in atherosclerotic artery (lower rows) that is rich in macrophages. A thicker layer of mural thrombus comprising
platelets and fibrin (arrows) covers the luminal surface. Immunohistochemical images of GPIIb/llla and fibrin correspond to square
frames in the HE images. Bars=500um (ARG, HE, SMC, Macrophage) or 100um (GPIlb/llla and fibrin). (B) Uptake of '8F-FDG and
immunopositive areas for muscle actin, macrophages, GPIlb/llla, fibrin, and GPIIb/llla and fibrin in arterial sections (n=25 each).
8F-FDG, ['8F]-fluorodeoxyglucose.
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11-7055, an inhibitor of inhibitor of kB kinase, significantly
reduced both the number of NF-xB-immunopositive nuclei
(Figure 6A) and TF protein production (Figure 6B). Staining
for NADH did not significantly differ among the groups (be-
fore culture, 40.4+8.7%; 6h after culture with DMSO and
with Bay 11-7055, 43.2+£10.6% and 46.8+5.0%, respectively;
n=5 each).

Discussion

The main findings of the present study are presented. Signifi-
cantly more 'F-FDG was taken up and more thrombus formed
in the injured than in the non-injured arteries, and '8F-FDG
uptake significantly correlated with thrombus size, NF-xB
immunopositive nuclei and TF expression in the arteries. The
inhibition of NF-«B significantly reduced TF expression in
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PET SUV max SUV, standardized uptake value.
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Figure 6. Numbers of nuclear factor k B (NF-«kB)-immunopositive nuclei and tissue factor (TF) protein levels in cultured athero-
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red in conditioning medium with 10% fetal bovine serum. Numbers
plaques were measured before and 6h after plaque culture with

cultured plaque tissue.

Arterial '8F-FDG uptake significantly correlated with the
size of thrombus induced by balloon injury of the rabbit ilia-
cofemoral artery (Figure 5B). A clinical study of patients with
atherosclerosis has demonstrated higher 'F-FDG uptake in
culprit lesions associated with acute coronary thrombosis than
in lesions stented for stable angina.?’ Azis et al found signifi-
cantly more ®F-FDG uptake in rabbit atherosclerotic aortic
segments with than without thrombus formation triggered by
Russell’s viper venom and histamine.'* Patel et al reported that
lowering cholesterol absorption reduces plaque burden, '$F-
FDG uptake and thrombus formation in rabbit atherosclerotic
aortas, whereas '8F-FDG uptake and macrophage content in
the aortas do not correlate.?! Those results imply an associa-
tion between '8F-FDG uptake and thrombogenic factors in the
arteries, but the macrophage content does not necessarily cor-
respond to thrombus formation. The present study identified a
positive correlation between 'SF-FDG uptake and thrombus
size, as well as TF expression. In addition, not only the areas
of fibrin but also those with platelets correlated with 8F-FDG
uptake (Figures 5A,B). Because thrombin generated via the
TF pathway accelerates platelet activation, as well as fibrin
formation,?? evidence of a positive correlation between 8F-
FDG uptake and TF expression would support previous find-
ings indicating that '8F-FDG uptake is associated with plaque
thrombogenicity.

Although radioactivity in thrombus might affect the correla-
tion between thrombus size and ®F-FDG uptake measured
autoradiographically, the amount of radioactivity in the blood
and non-injured artery was equally low. Moreover, thrombus
size also correlated with '®F-FDG uptake measured by PET
imaging (Figure 5C). These results suggest that FDG uptake
reflects the thrombogenic potential of the arterial wall follow-
ing balloon injury.

Arterial '8F-FDG uptake significantly correlated with mac-
rophage content (Figure 5A). The finding that '8F-FDG uptake
positively correlated with this, but negatively with that of SMC,
is compatible with those of previous studies.®1%23 Macrophages
and granulocytes express glucose transporter 1 and hexokinase
Il in lung inflammatory lesions. '8F-FDG uptake correlates with
the degree of inflammation? and lipopolysaccharide enhances

BE-FDG uptake by isolated human monocyte-macrophages.?s
Therefore, it is considered that 'SF-FDG uptake by macro-
phages is a hallmark of active inflammation in atherosclerotic
plaques. However, clinical and experimental studies have failed
to show a correlation between '®F-FDG uptake and macrophage
content in atherosclerotic lesions.??¢ The evidence suggests
that the presence of macrophages does not always indicate ac-
tive inflammation. Recent studies have revealed macrophage
heterogeneity in atherosclerotic lesions,?” and approximately
25% of macrophages in coronary atherosclerotic plaques have
an antiinflammatory phenotype.?® Moreover, classical but not
innate activation significantly increases 2-deoxy-D-glucose up-
take, accompanied by glycolytic pathway activation.? In the
present study, CD163-positive cells accounted for only 1% of
macrophages in rabbit atherosclerotic artery. The positive rela-
tion between '8F-FDG uptake and macrophage content in this
model may be related to a paucity of macrophages with an an-
tiinflammatory phenotype (ie, CD163-positive cells) in the rab-
bit atherosclerotic artery.

The nuclear transcription factor, NF-xB, affects the inflam-
matory response, cell proliferation and survival, and angiogen-
esis in atherosclerotic lesions.’® Activated NF-«B has been
identified in atherosclerotic plaques from humans and in ani-
mal models.’-33 The expression of NF-xB in coronary athero-
sclerotic plaque is more enhanced in patients with unstable
than with stable angina pectoris.* In the present study, im-
munoreactivity for NF-xB was distributed predominantly in
macrophages and less so in SMCs in atherosclerotic lesions
(Figure 4B), and there was significant correlation among '8F-
FDG uptake, macrophage content, NF-xB, and TF. These re-
sults are compatible with those from a previous report show-
ing colocalization of deoxyglucose and annexin A5, a marker
of thrombogenic cell surface, in macrophage-rich atheroscle-
rotic lesions in mice.® These results also suggest that meta-
bolically active cells in the arterial wall have a high-thrombo-
genic potential in lesions.

TF is upregulated in both human and rabbit atherosclerotic
lesions*35 and its expression has been extensively investigated
in cultured monocytic cells, SMCs, endothelial cells and fi-
broblasts.*¢ Basal and inducible TF expression is regulated by
several transcriptional factors, such as Sp1, NF-«B, EGR-1, and
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AP-1. However, its regulatory mechanisms in atherosclerotic
plaques are not fully understood. The present study found that
TF and NF-«B-immunopositive areas were similarly distribut-
ed, and a tissue culture study of the plaques revealed that inhib-
iting NF-xB significantly reduced TF expression (Figures 4,6).
These results indicated that NF-xB mediates TF expression in
atherosclerotic plaques. The finding of a positive relationship
between ®F-FDG uptake and arterial thrombus size might be
partly explained by TF expression mediated by NF-«B.

Although a prospective clinical study has not yet examined
the predictive value of '8F-FDG-PET in cardiovascular events,
circumstantial evidence has been obtained from a retrospective
series of patients with cancer who underwent PET scanning.
Paulmier et al reported that extensive arterial F-FDG uptake
on PET images might be an indicator of an evolving athero-
sclerotic process in stable cancer patients.’” Rominger et al
also found that increased '|F-FDG uptake in major arteries
emerged as a powerful predictor of subsequent vascular events
in a large cohort study of patients with cancer.'? In addition, a
case—control pilot study suggested that arterial '8F-FDG foci
in the aortic arch and carotid bifurcation are associated with a
risk of subsequent ischemic stroke.'® Those clinical findings
suggest that '8F-FDG-PET can identify patients at risk for fu-
ture cardiovascular events and the present results support this
notion.

The present study did not show balloon catheter-induced
thrombus formation in the normal artery of rabbits fed with
conventional diet, because we have previously examined bal-
loon catheter-induced thrombus formation in rabbit femoral
arteries. The thrombus size in the normal femoral artery was
significantly smaller than that in the injured (atherosclerotic)
artery in rabbits fed with 0.5% cholesterol diets, and did not
differ from that in the femoral artery of rabbits fed with 0.5%
cholesterol diet.'s

Study Limitations

The thrombus mechanically induced by a balloon catheter does
not replicate spontaneous plaque rupture in human atherothrom-
bosis. Although a recent in vitro study demonstrated that hy-
poxia augments '8F-FDG uptake in cultured macrophages,* we
did not assess the contribution of hypoxia to 'F-FDG uptake
in our model. Because thrombus size was evaluated 15min
after its induction, it was not possible to show thrombus persis-
tence and growth rates, both of which are important factors in
human atherothrombosis.

Conclusions

Arterial '8F-FDG uptake is associated with thrombogenic fac-
tors and thrombus formation in rabbit atherosclerotic lesions,
and arterial '8F-FDG uptake appears to reflect thrombotic risk
of atherosclerotic plaques following balloon injury.
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