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Abstract

Objective In this study, the feasibility and kinetic char-
acteristics of the ®*Ga-NOTA-RGD, a recently developed
RGD peptide agent, were investigated for atherosclerosis
imaging in comparison with "*FDG.

Methods ApoE '~ mice were fed a high-fat diet for more
than 20 weeks. To evaluate the feasibility, tissue uptakes of
®8Ga-NOTA-RGD and '®*FDG in the major organs were
measured and compared between ApoE '~ and control mice.
Animal PET imaging was also performed and relative uptake
values in the thoracic aorta were compared between ApoE ™/~
and control mice. In humans, the kinetic characteristics and
feasibility of °®Ga-NOTA-RGD PET were assessed in 4
patients with known coronary artery disease.

Results In the tissue uptake study, the thoracic aorta
showed higher uptake in ApoE™~'~ than in control mice
with both *®Ga-NOTA-RGD and '*FDG (P < 0.001). On
PET scans, the relative uptake values of the thoracic aorta
were significantly higher in ApoE ™"~ with both ®*Ga-NOTA-
RGD (P = 0.024) and '®FDG (P = 0.038). In human PET,
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the appropriateness of reversible binding model and Logan
plotting was clearly demonstrated. The aorta-to-jugular ratios
were measured up to 1.25 and showed a tendency to correlate
with the serum high-sensitivity C-reactive protein level
(r =0.899, P = 0.102).

Conclusions ®®Ga-NOTA-RGD has potential as an
in vivo atherosclerosis imaging agent. However, the lower
imaging contrast and sensitivity of ®®Ga-NOTA-RGD PET
compared with '"®)FDG PET may be a limitation for clinical
application.

Keywords Atherosclerosis - Vulnerable plaque -
Molecular imaging - ®*Ga-NOTA-RGD - PET

Introduction

Coronary and cerebrovascular diseases resulting from
atherosclerosis are usually included among the three most
common causes of death in worldwide surveys. Athero-
sclerotic plaques with vascular narrowing can be morpho-
logically visualized by conventional coronary angiography
(CAG), computed tomography (CT), and magnetic reso-
nance imaging (MRI); however, the simple presence of
atherosclerosis or vascular narrowing has limited clinical
significance. In fact, in a considerable proportion of myo-
cardial infarcts, the culprit coronary lesions do not show
critical narrowing [1]. Additionally, in up to 62 % of male
and 42 % of female patients, the first manifestation of
coronary disease is a fatal myocardial infarct or sudden
death without preceding ischemic symptoms [2]. There-
fore, atherosclerotic plaque that carries high risk of fatal
complications should be discriminated from simple plaque.

To image vulnerable plaques, various molecular imag-
ing methods and targets have been utilized [3].
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Inflammation is an excellent imaging target that can
be easily imaged by 2-deoxy-2-['®F]fluoro-p-glucose
("*FDG), the most widely used positron emission tomog-
raphy (PET) imaging agent. '®*FDG PET has proven to be
effective for the imaging of atherosclerosis in numerous
clinical studies [4-8]; however, as BEDG is a non-specific
tracer for glucose metabolism, other non-specific inflam-
mation may be visualized on '*FDG PET. Additionally, the
myocardium, which is a critical site of insult in athero-
sclerosis, may show physiologically variable '*FDG
uptake. Thus, alternative atherosclerosis imaging methods
are required, particularly when the coronary arteries are
imaging targets.

Enhanced expression of integrin av3 has been reported
as another target mechanism of atherosclerosis. In vulner-
able plaque, integrin expression is enhanced at the surface
of activated angiogenic endothelial cells and macrophages.
Currently, an excellent targeting moiety for integrin avf3
is available: the tri-peptide Arg—Gly—Asp (RGD), a com-
ponent of fibronectin or vitronectin, has strong affinity for
integrin avfB3. Several RGD-containing imaging probes
have been used as vulnerable plaque imaging agents for
MRI or optical imaging [9, 10]. An RGD-based nuclear
imaging method using ['®F]galacto-RGD was also tried in
a mouse model, in which atherosclerotic plaques demon-
strated greater uptake than normal vessel walls on animal
PET [11].

Recently, we developed a ®®*Ga-labeled RGD agent
based on 1,4,7-triazacyclononane-1,4,7-triacetic acid
(NOTA) [12]. ®®Ga-NOTA-RGD is a conjugate of
c¢(RGDyK) and 2-(p-isothiocyanatobenzyl)-NOTA (SCN-
Bn-NOTA). %Ga has a half-life of 68 min and emits
600 keV positrons. As ®*Ga is produced from a **Ge/**Ga
generator, it has good accessibility and can be inexpensive.
%8Ga-NOTA-RGD was successfully used to image angio-
genic activity of tumors; thus, it is expected to be useful for
atherosclerosis imaging.

In this study, the feasibility and imaging characteristics
of ®®Ga-NOTA-RGD were investigated in comparison with
'"®EDG using an animal model to evaluate its potential as an
in vivo atherosclerosis imaging agent. Additionally, the
kinetic characteristics and imaging feasibility in humans
were investigated.

Materials and methods
Preparation of ®*Ga-NOTA-RGD
%8Ga-NOTA-RGD was prepared as previously described

[12]. In brief, SCN-Bn-NOTA and c(RGDyK) were
purchased from Futurechem (Seoul, Korea). They were
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mixed and allowed to react with each other for 20 h in
0.1 M Na,COs3 solution at room temperature and the
reaction mixture was purified by high-performance liquid
chromatography (HPLC; XTerra preparative column
RP18, 10 x 250 mm, 0-100 % ethanol gradient in
0.01 % trifluoroacetic acid from O to 30 min, 3 mL/min
of flow rate) for NOTA-RGD to be collected. *®Ga
(740 MBq in 1 mL of 0.1 N HCIl) was eluted from a
%8Ge/%®Ga generator (Eckert & Ziegler, Berlin, Ger-
many) and added to the NOTA-RGD solution (30 nmol
in 0.1 mL of water). After 10 min incubation at room
temperature, °®Ga-NOTA-RGD was purified by HPLC
(with the same condition as described above) and Alu-
mina N Sep-Pak® cartridge to remove ®*Ge and free
8Ga.

Animal model

As a mouse model of atherosclerosis, apolipoprotein E
(ApoE)fl* B6 mice were obtained from the Center for
Animal Resource Development at Seoul National Uni-
versity. After the age of 8 weeks, ApoE~’~ mice were
fed a high-fat Western diet containing 21.2 % total fat,
0.2 % cholesterol, 17.3 % protein, and 48.5 % carbohy-
drate (Feedlab, Seongnam, Korea). After more than
20 weeks on the high-fat Western diet, the mice were
used for a tissue uptake study and PET imaging. Wild-
type ICR mice were used as a control group. All animal
experiments were approved by the Institutional Animal
Care and Use Committee of Seoul National University
Hospital.

Tissue uptake study

Tissue uptake in the major organs (heart, lung, liver, and
descending thoracic aorta) was measured for ®*Ga-NOTA-
RGD and "®FDG. ApoE™"~ (n = 3) and control ICR mice
(n = 3) were injected with ®*Ga-NOTA-RGD (370 kBq/
0.1 mL) via the tail vein. The mice were sacrificed by
cervical dislocation 30 min after injection. The aorta and
major organs were immediately obtained and weighed. The
radioactivity of each organ was measured using a gamma
counter (Cobra II, Packard Canberra Co., USA). Tissue
uptake in each organ is expressed as %ID/g. To analyze
"EDG tissue uptake, other groups of ApoE™~ (n = 3) and
control mice (n = 3) were fasted for more than 12 h, and
"SEDG (74 kBq/0.1 mL; synthesized in-house cyclotron
and commercial modules, FASTIlab, GE Healthcare, USA)
was injected via the tail vein. The mice were sacrificed
45 min after injection, and tissue radioactivity in the aorta
and major organs was measured by the same method
described above.
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®8Ga-NOTA-RGD PET in mice

Dynamic PET for ®®Ga-NOTA-RGD was performed to
establish an imaging protocol. ApoE ™'~ mice (n = 3) were
anesthetized with 2 % isoflurane, and %8Ga-NOTA-RGD
was injected via the tail vein (18.5 MBq/0.1 mL). Imme-
diately after injection, a dynamic PET scan was performed
for 60 min with the list mode using a dedicated small
animal PET/CT scanner (eXplore Vista, GE Healthcare,
USA). A dynamic PET scan was performed for one bed
position covering a 4.6 cm field of view (FOV) from the
upper neck to the bladder. After PET acquisition, a CT scan
was performed for the same FOV. The acquired images
were framed into 12 x 5 min frame images and recon-
structed by a 3-D ordered subset expectation maximization
(OSEM) algorithm method with 16 iterations, combined
with scatter and random corrections. The reconstructed
PET images were displayed as transaxial images fused with
the CT images. Volumes of interest (VOIs) were drawn for
the descending thoracic aorta (covering from the end of
aortic arch to the diaphragm level), lungs, heart, and liver,
using an open-source software package (OsiriX, available
at http://www.osirix-viewer.com). The mean uptake in
each VOI was measured and expressed as the relative
uptake value with the lungs set as a reference organ,
because the lungs are the anatomical background of the
aorta and normally show only low integrin expression and
RGD uptake.

A °®Ga-NOTA-RGD static PET scan was performed in
ApoEf/ ~ (n = 7) and control mice (n = 4) to evaluate the
feasibility of using ®®Ga-NOTA-RGD PET for atheroscle-
rosis imaging. The protocol for the static PET/CT scan was
established based on the results of our ®*Ga-NOTA-RGD
dynamic PET scans (see “Results”). Static PET was started
30 min after the injection of %Ga-NOTA-RGD (18.5 MBq)
via the tail vein; a static PET image was acquired for 30 min.
The bed position for image acquisition was the same as for the
dynamic scan, with one bed position covering from the upper
neck to the bladder. CT was performed before or after PET. A
static PET scan was also reconstructed using the 3-D OSEM
algorithm with scatter and random corrections. '*FDG PET
was also performed in ApoE™'~ (n = 6) and control mice
(n = 4). Forty minutes after the injection of BEDG
(18.5 MBgq) via the tail vein, the mice were subjected to static
PET for 30 min. The image acquisition and reconstruction
methods were the same as those used for ®*Ga-NOTA-RGD
static PET. VOIs were also drawn for the major organs in both
°*Ga-NOTA-RGD and '*FDG PET.

%8Ga-NOTA-RGD PET in humans

To assess the kinetic characteristics and feasibility of ®*Ga-
NOTA-RGD PET in humans, four patients diagnosed with

coronary artery disease were enrolled (all males, age range
37-79 years). The human PET studies were approved by
our Institutional Review Board. After the injection of
180 MBq of ®*Ga-NOTA-RGD, a list-mode dynamic PET
scan was performed for 60 min with the center of FOV
placed on the heart using a PET/CT scanner (Biograph 40,
Siemens, Germany).

Dynamic images were reconstructed into 27-frame
images (6 x 10, 4 x 15, 4 x 30, 3 x 60, 4 x 120,
3 x 300, and 3 x 600 s). On fused images of dynamic
PET and CT, VOIs were drawn for the left ventricle,
descending thoracic aorta, liver, and paraspinal back
muscle using a vendor-supplied software package (TrueD,
Siemens Healthcare, Germany), and afterward, the mean
radioactivity in each VOI was measured. A time-activity
curve (TAC) for each organ was acquired from the mea-
surements and used for kinetic analysis. Logan plotting,
which is related with a three-compartment model, was
adopted and the plotting equation was used as below.

DVR = DDVV%, where DV is the volume of distribution

BP = DVR — 1, where BP is the binding potential

The appropriateness of this approach was tested using
the liver as a positive organ and muscle as a reference
organ, according to previous reports on the kinetic char-
acteristics of an '®F-labeled RGD agent and integrin
expression in the liver [13, 14].

For the physiological characterization of ®*Ga-NOTA-RGD
PET imaging, static images were reconstructed using
30-60 min dynamic images. VOISs of the aorta were drawn to
cover >3 cm of the descending thoracic aorta (from the end of
aortic arch), using a vendor-supplied software package (TrueD,
Siemens Healthcare, Germany). VOIs for the jugular vein were
also drawn for normalization of the aortic uptake. The aorta-
to-jugular ratio was calculated for each patient and compared
with the radiologic findings for the aorta and laboratory finding
of serum high-sensitivity C-reactive protein (hsCRP).

Statistics

All the quantitative data were expressed as mean + SD.
For comparison of uptake ratios between groups, Mann—
Whitney rank sum tests were used and P values <0.05 were
regarded as significant. A commercial software package

(MedCalc 9.5.0.0, MedCalc Software, Mariakerke, Bel-
gium) was used for all the statistical analyses.

Results
Preparation of ®*Ga-NOTA-RGD and animal model

Successful preparation and high labeling efficiency of
%8Ga-NOTA-RGD were confirmed by instant thin-layer
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Fig. 1 Tissue uptake characteristics of %8Ga-NOTA-RGD (a) and
EDG (b) in ApoE_/ ~ and control mice. Although uptake in the
thoracic aorta was higher in ApoE™~ mice both for “*Ga-NOTA-

chromatography-silica gel (ITLC-SG) in every synthesis
and experiment. In ApoE™'~ mice, the formation of ath-
erosclerotic plaques after more than 20 weeks of high-fat
Western diet was confirmed by histopathologic examina-
tion of the thoracic aorta.

Tissue uptake study

Uptake in the thoracic aorta was higher in ApoE ™'~ mice
than in control mice for both ®*Ga-NOTA-RGD and '*FDG
(1.68 £ 0.11 vs. 1.28 £ 0.08 %ID/g for **Ga-NOTA-
RGD, P < 0.001; and 5.91 %+ 1.14 vs. 2.40 £ 0.65 %ID/g
for ®FDG, P < 0.001). However, the difference between
the ApoE~'~ and control mice was more marked with
EDG than with °®Ga-NOTA-RGD (Fig. 1). Notably,
however, the uptake in the heart was different between the
two imaging agents; with °®Ga-NOTA-RGD, the thoracic
aorta showed greater uptake than the heart in both
ApoEfl* and control mice, whereas the heart showed
much greater and more variable uptake than the thoracic
aorta in both the ApoE™~ and control mouse groups with
EDG (Fig. 1).

%8Ga-NOTA-RGD PET in mice

On %®Ga-NOTA-RGD dynamic PET, the uptake in the
aorta and major organs was measured and normalized to
the initial lung uptake. The aorta showed greater uptake
than the heart and lungs (Fig.2). The lung uptake
decreased gradually during the first 30 min and reached a
plateau thereafter; the heart showed a more rapid decrease
than the lungs during the first 30 min, and it decreased
more slowly from around 30 min, demonstrating initial
blood pool activity. Similarly, the aorta uptake also
decreased rapidly during the initial 30 min and reached a
slower decrease at around 30 min. According to our
dynamic PET results, a protocol for ®Ga-NOTA-RGD
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RGD (P < 0.001) and ®F-FDG (P < 0.001), the difference was much
clearer with "®F-FDG. Uptake in the heart was relatively higher with
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Fig. 2 Time-activity curves of the thoracic aorta and major organs in
ApoE™~ mice on ®®Ga-NOTA-RGD dynamic PET. The thoracic
aorta, heart, and lungs showed rapid decreases during the first 30 min
followed by a plateau or slower decrease at about 30 min, probably
due to blood pool activity. In contrast, the liver showed a gradual
increase in uptake

static PET was established as a 30 min static scan starting
30 min after injection of ®®Ga-NOTA-RGD.

On ®*Ga-NOTA-RGD and '*FDG static PET, the relative
uptake value of the thoracic aorta was significantly higher in
the ApoE ™"~ than in the control mice for both **Ga-NOTA-
RGD (P =0.024) and 'FDG (P = 0.038) (Table I).
Although the difference in uptake in the aorta between the
ApoE_/ ~ and control mice was more marked with ISFDG,
uptake in the heart was much lower and less variable with
8Ga-NOTA-RGD than with "*FDG in both the ApoE ™"~ and
control mouse groups (Table 1). Typical ®*Ga-NOTA-RGD
and '"®FDG PET images are shown in Fig. 3.

Kinetics and feasibility study in humans

In all patients, a good correlation was obtained by Logan plot-
ting for the liver and muscle TACs after a moderate equilibrium
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Table 1 Relative uptake values of the major organs on **Ga-NOTA-
RGD and '®FDG PET images of ApoE_/_ and control mice

ApoE™"~ Control P
%8Ga-NOTA-RGD (n="7) (n=4)
Aorta 137 £ 0.11 1.20 £ 0.06 0.024
Heart 127 £0.15 1.14 £ 0.19 n. s.
Liver 2.48 4+ 0.39 1.83 £0.18 0.006
ApoE™"~ Control P
BEDG (n = 6) (n=4)
Aorta 2.25 4+ 1.05 123 £0.22 0.038
Heart 12.24 + 8.20 8.32 + 8.72 n.s.
Liver 127 £0.5 1.11 £0.18 n.s.

Organ-to-lung uptake ratio

time (20 min after injection), indicating the appropriateness of
the application of the reversible binding model and Logan
plotting to ®*Ga-NOTA-RGD PET data (Fig. 4). Based on the
plotting, DV and BP were calculated for the livers and muscles
of the patients, which were robust and showed little variation
(Table 2). The results of static PET studies are summarized in
Table 3 and a representative case is presented in Fig. 5. The
aorta-to-jugular ratio was 1.07 £ 0.14 (range 0.93-1.25),
whereas the serum hsCRP level was 2.65 £ 2.53 mg/L (range
0.6-6.3), which showed a tendency of correlation between the
aorta-to-jugular ratio and hsCRP, although it was not statisti-
cally significant (r = 0.899, P = 0.102).

18F-FDG PET

Fig. 3 '8FDG PET (a, b) and ®*Ga-NOTA-RGD (¢, d) images of
ApoEfl ~ (a, ¢) and control (b, d) mice (upper row is PET, middle row
CT, and lower row PET/CT fusion images). Increased uptake was
observed in the thoracic aorta of ApoE ™'~ mice compared with those
of controls (arrow). Although uptake in the aorta was clearer on

Discussion

In the present study, the feasibility and imaging charac-
teristics of ®*Ga-NOTA-RGD for in vivo atherosclerosis
imaging were investigated in an animal model and in
humans. Our results demonstrate the potential of ®*Ga-
NOTA-RGD as an imaging agent for atherosclerosis and
the appropriateness of the reversible binding model and
Logan plotting for human °®*Ga-NOTA-RGD PET. In
human PET studies, ®®Ga-NOTA-RGD uptake showed a
tendency to correlate with a clinical inflammation marker,
serum hsCRP, in patients with mild aortic atherosclerosis.

As fatal events from atherosclerosis result from a rup-
ture of plaques in critical arteries, the detection and eval-
uation of rupture-prone vulnerable plaques are valuable for
direct risk assessment and treatment-target selection. For
the molecular imaging of atherosclerosis, many patho-
physiologic mechanisms and markers have been suggested
[3, 15]. Among these, inflammation is the most widely
studied because it plays a key role in the development of
atherosclerosis at all stages, including initiation, progres-
sion, and rupture. With regard to inflammation, 8EDG PET
has been most widely studied because '*FDG is easily
accessible and very sensitive to inflammation. '*FDG
uptake in atherosclerosis has been correlated with activated
macrophages [16, 17], inflammatory biomarkers [18, 19],
plaque disruption [16], and prognosis [20]. Thus, **Ga-
NOTA-RGD PET was compared with '*FDG PET in the
present study.

68Ga-NOTA-RGD PET

8EDG PET, uptakes in the heart (arrowhead) and muscle were much
more variable on "*FDG PET compared with ®*Ga-NOTA-RGD PET.
Here, the assignments of middle and lower rows were reversed, i.e.
the middle row corresponds to the CT images and the lower row
corresponds to the PET/CT fusion
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Fig. 4 Graphical analysis of a human ®*Ga-NOTA-RGD dynamic
PET case using Logan plotting. The near-perfect linear regres-
sion 20 min after injection demonstrates the appropriateness of the
reversible binding model and Logan plotting

Table 2 Distribution volumes and binding potentials calculated on
human **Ga-NOTA-RGD dynamic PET

Patient Patient Patient Patient Mean
1 2 3 4
DV of liver 0.97 0.73 0.77 0.75 0.80 £ 0.10
DV of muscle 0.35 0.25 0.23 0.29 0.28 + 0.04
DV ratio 2.80 2.87 3.37 2.62 2.92 £ 0.28
Binding 1.80 1.87 2.37 1.62 1.92 + 0.28
potential

DV distribution volume

Integrin avP3 is highly expressed in activated endothe-
lia; therefore, it is usually a target for angiogenesis imag-
ing. In atherosclerosis, angiogenesis occurs in plaques
when organized plaques become inflamed and prone to
rupture [3, 21]. Additionally, activated macrophages
strongly express integrin ovp3 on their surface, which may
be another imaging target, probably more significant than
endothelia in murine models [22]. RGD agents have been
developed for MRI and as optical imaging agents of ath-
erosclerosis [9, 10]. In an optical imaging study using a
cyanine 5.5-labeled RGD peptide, the carotid plaque
showed strong fluorescence contrast, although it was
detected in surgically opened tissue [10]. In an MRI study
using a gadolinium (Gd)-conjugated RGD peptide,

significant contrast enhancement was observed in carotid
plaque [9].

['®F]galacto-RGD was the first radiolabeled RGD agent
used for the in vivo cardiologic imaging of atherosclerotic
inflammation [11] and myocardial infarcts [23]. In a study
of ['®F]galacto-RGD for atherosclerosis imaging, autora-
diography and animal PET were performed for the quan-
titative assessment of plaque uptake, and the plaques
demonstrated an increase in [ISF]galacto-RGD uptake of
1.4 times compared with normal vessels [11]. Another
RGD agent, 68Ga—DOTA-RGD, was assessed in an animal
model using autoradiography; the plaque demonstrated
1.39 times greater uptake than the vessel wall [24].
Recently, we developed a novel radiolabeled RGD agent,
%8Ga-NOTA-RGD, which was successfully used to image
hypervascular tumors in animals [12]. The present study
demonstrated the efficacy of ®®*Ga-NOTA-RGD as an ath-
erosclerosis imaging agent in addition to tumor imaging.

In our tissue uptake study, the atherosclerotic aortas of
ApoE ™"~ mice showed greater ®*Ga-NOTA-RGD uptake
compared with those of control mice. Greater uptake in
atherosclerotic aortas was also observed with ISFDG, as
expected. Based on this result, %8Ga-NOTA-RGD PET was
investigated after dynamic PET studies to establish an
imaging protocol for ®*Ga-NOTA-RGD PET. In the
dynamic study, the TACs of the aorta, lungs and heart
demonstrated a rapid decrease during the initial phase,
followed by a plateau or slower decrease after 30 min,
reflecting the initial blood pool compartment. In contrast,
the liver showed a gradual increase until the end of the
scan, reflecting innate integrin expression [22].

On static PET, significantly greater uptake was observed
in atherosclerotic aorta compared with the control with
both “*Ga-NOTA-RGD and '*FDG PET. However, the
difference between the atherosclerotic and control aorta
was clearer with '®*FDG PET. The atherosclerotic aortas
exhibited 1.15 times greater uptake than the controls with
®Ga-NOTA-RGD PET, whereas 1.83 times greater uptake
was observed with '8FDG PET. Thus, the sensitivity of
®8Ga-NOTA-RGD PET is expected to be lower than that of
'®EDG PET. However, the low uptake detected in the heart
and soft tissue might be an advantage of ®*Ga-NOTA-RGD
compared with '®FDG, as variable myocardial uptake is

Table 3 The aorta-to-jugular vein ratio on **Ga-NOTA-RGD PET in coronary artery disease patients with regard to their radiological and

laboratory findings

Patient 1 Patient 2 Patient 3 Patient 4
Aorta-to-jugular ratio 1.01 1.25 0.93 1.11
CTA Calcified atheroma Mild atherosclerosis Mild atherosclerosis Mild atherosclerosis
hsCRP (mg/L) 0.6 6.3 1.4 2.3

CTA computed tomography angiography finding of the aorta, AsCRP high-sensitivity C-reactive protein
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Fig. 5 A representative case of
human ®*Ga-NOTA-RGD PET.
Cylindrical VOIs were drawn
for the aorta (a) and the jugular
vein (b), respectively. The
aorta-to-jugular ratio of this
patient was calculated as 1.25

also frequently observed in human 'FDG PET, despite a
strict fasting protocol. The uptakes of °®Ga-NOTA-RGD
and '"®FDG in atherosclerotic plaque were similar to those
in a previous study of ['®F]galacto-RGD and *H-deoxy
glucose (DG) using autoradiography, in which the plaque-
to-normal vessel ratios were 1.5 for *H-DG and 1.3 for
[lgF]galacto—RGD [11]. However, the present study inclu-
ded the thoracic aorta in the VOI without discrimination of
the plaque portion, which would result in underestimation
of uptake by plaque itself.

The tracer kinetics in humans demonstrates the appro-
priateness of the reversible binding model and Logan
plotting for **Ga-NOTA-RGD, which can be applied to
future studies using tracer kinetic parameters. Additionally,
although the number of cases was small and the overall
serum hsCRP level was low, our human study demon-
strated a tendency of correlation between the uptake of
%*Ga-NOTA-RGD and hsCRP, which is the most com-
monly used serum inflammation marker of atherosclerotic
diseases. In a recent study, the mean aorta-to-jugular ratio
of "8FDG uptake was about 1.14 and 1.41 in patients with
hsCRP levels <2 and >2 mg/L [25], respectively. These
results are not far from those obtained in the present study
(aorta-to-jugular ratio up to 1.25).

Atherosclerosis is an inflammatory process, and '*FDG
PET, which is used to visualize inflammation non-specifi-
cally, is a powerful imaging tool for atherosclerosis.
However, molecular imaging methods for more specific
processes are required for non-invasive diagnoses, prog-
nostication, and drug-efficacy monitoring. The results of
this study showed that ®®Ga-NOTA-RGD may be a can-
didate targeting motif for the molecular imaging of ath-
erosclerosis. However, it is a limitation of this study that
uptake of ®*Ga-NOTA-RGD was not directly compared

with the histopathologic findings for angiogenesis or
macrophage accumulation. Additionally, the relatively low
image contrast and sensitivity may be a limitation for
clinical application of °®Ga-NOTA-RGD PET. Further
studies are required to assess the clinical efficacy of ®*Ga-
NOTA-RGD.

In conclusion, %8Ga-NOTA-RGD demonstrated signifi-
cant uptake in atherosclerotic aortas in an animal model. In
a pilot human study, the appropriateness of the reversible
binding model and Logan plotting for tracer kinetic studies
was demonstrated. Also, the aorta-to-jugular ratios for
human *®Ga-NOTA-RGD PET were comparable to those
reported for 'FDG PET. Thus, *®Ga-NOTA-RGD has
potential as an in vivo atherosclerosis imaging agent.
However, the degree of imaging contrast and sensitivity of
%8Ga-NOTA-RGD PET were lower than those of '*FDG
PET, which may limit its clinical application.
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