
Arterioscler Thromb Vasc Biol is available at www.ahajournals.org/journal/atvb

Arterioscler Thromb Vasc Biol. 2020;40:2821–2828. DOI: 10.1161/ATVBAHA.120.315239 December 2020  2821

Arteriosclerosis, Thrombosis, and Vascular Biology

 

Correspondence to: Nicholas J. Leeper, MD, Divisions of Vascular Surgery and Cardiovascular Medicine, Stanford University, 300 Pasteur Dr, Room H3638, Stanford, 
CA 94305. Email nleeper@stanford.edu

The Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/ATVBAHA.120.315239.

For Sources of Funding and Disclosures, see page 2827.

© 2020 American Heart Association, Inc.

BASIC SCIENCES

18F-Fluorodeoxyglucose-Positron Emission 
Tomography Imaging Detects Response to 
Therapeutic Intervention and Plaque Vulnerability 
in a Murine Model of Advanced Atherosclerotic 
Disease—Brief Report
Kai-Uwe Jarr, Jianqin Ye, Yoko Kojima, Vivek Nanda , Alyssa M. Flores, Pavlos Tsantilas, Ying Wang, Niloufar Hosseini-Nassab, 
Anne V. Eberhard , Mozhgan Lotfi, Max Käller , Bryan R. Smith , Lars Maegdefessel, Nicholas J. Leeper  

OBJECTIVE: This study sought to determine whether 18F-fluorodeoxyglucose-positron emission tomography/computed 
tomography could be applied to a murine model of advanced atherosclerotic plaque vulnerability to detect response to 
therapeutic intervention and changes in lesion stability.

APPROACH AND RESULTS: To analyze plaques susceptible to rupture, we fed ApoE−/− mice a high-fat diet and induced vulnerable 
lesions by cast placement over the carotid artery. After 9 weeks of treatment with orthogonal therapeutic agents (including 
lipid-lowering and proefferocytic therapies), we assessed vascular inflammation and several features of plaque vulnerability 
by 18F-fluorodeoxyglucose-positron emission tomography/computed tomography and histopathology, respectively. We 
observed that 18F-fluorodeoxyglucose-positron emission tomography/computed tomography had the capacity to resolve 
histopathologically proven changes in plaque stability after treatment. Moreover, mean target-to-background ratios correlated 
with multiple characteristics of lesion instability, including the corrected vulnerability index.

CONCLUSIONS: These results suggest that the application of noninvasive 18F-fluorodeoxyglucose-positron emission 
tomography/computed tomography to a murine model can allow for the identification of vulnerable atherosclerotic plaques 
and their response to therapeutic intervention. This approach may prove useful as a drug discovery and prioritization method.

GRAPHIC ABSTRACT: A graphic abstract is available for this article. 
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Atherosclerosis is the leading cause of death world-
wide.1 Translational investigators studying this con-
dition rely upon hyperlipidemic mouse models, which 

reproducibly develop atherosclerotic plaques when fed 
high-fat diet.2,3 However, these widely used models rarely 
demonstrate advanced, vulnerable lesions, and therefore 
poorly recapitulate the underlying process of life-threat-
ening vascular events that occur in humans.4

Consequently, the cardiovascular research commu-
nity has invested significant resources into the develop-
ment of new plaque vulnerability models, which may more 
faithfully reflect the biology underlying heart attack and 
stroke.5–8 A recent comparative study evaluated several 
of these models and concluded that the application of a 
shear stress modifier to the carotid artery of dyslipidemic 
mice (referred to as the cast model) resulted in the highest 
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incidence of human-like, rupture-prone lesions, and dem-
onstrated the lowest variability between specimens.9

Despite the technical advance that these new mod-
els represent, there are several limitations that have 
prevented their broader application to the field of drug 
discovery and translational research. First, the for-
mal quantification of an individual lesion’s vulnerability 
requires extensive postmortem processing and histologi-
cal analyses of several orthogonal end points, including 
plaque volume, necrotic core size, cellular composition, 
collagen content, and prevalence of intraplaque hem-
orrhage. These exhaustive analyses are expensive and 
time-consuming and cause these models to be relatively 
low throughput for most laboratories. Second, the histo-
pathology can only be studied at the terminal end point 
after animal sacrifice, meaning that the efficacy of a given 
intervention cannot be assessed at serial timepoints dur-
ing a course of therapy. Accordingly, studies designed to 
test the potential benefit of a new investigational drug 
take months (not weeks) and cannot be modified (eg, 
in the case of equipoise, where a lack of benefit might 
provide rationale for escalating to a higher dose of drug).

For these reasons, there is a growing interest in the 
development of methods to noninvasively measure the 
severity of atherosclerotic disease in mouse models of 
plaque vulnerability. These methods need to be relatively 
rapid, reproducible, and correlate not only with lesion size 
but also with features that predict susceptibility to rupture. 
Moreover, they must be sensitive enough to detect changes 
in response to therapies achieving plaque stabilization, so as 
to facilitate the assessment of new translational approaches. 
In the short report that follows, we set out to determine 
whether 18F-fluorodeoxyglucose-positron emission tomog-
raphy/computed tomography (18F-FDG-PET/CT) could (1) 
resolve improvements in lesion stability after exposure to 
2 orthogonal therapies with independent mechanisms of 
action (a high-potency statin [atorvastatin] and an agent 
targeting defective efferocytosis [CD47 blocking antibod-
ies]) and (2) accurately predict the presence of established 
histological features of plaque vulnerability.

MATERIALS AND METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Animals and Diet
A total of 46 male ApoE−/− mice (B6.129P2-Apoetm1Unc/J, 
002052) on a C56BL/6J background (The Jackson Laboratory) 
were randomly assigned to the experimental groups and inter-
ventions. Given that previous studies with sex-matched cohorts 
did not reveal an impact of sex in carotid shear stress mod-
els,9,10 we performed our study only in male ApoE−/− mice.11 
During the experimental period, all animals were fed a high-fat 
diet (21% anhydrous milk fat, 19% casein, and 0.15% choles-
terol, Dyets, Inc). Animal studies were approved by the Stanford 
University Administrative Panel on Laboratory Animal Care 
(protocol No. 27279) and conformed to the National Institutes 
of Health guidelines for the care and use of laboratory animals.

Animal Model and In Vivo Interventions
A standardized change in shear stress was induced by a 
shear stress modifier (referred to as cast), which is identical 
to the device described previously.7 The constrictive stenosis 
decreases blood flow which results in a relatively low shear 
stress region (located caudally, referred to as upstream from 
the cast). After 2 weeks of high-fat diet, animals at the age 
of 10 weeks were anesthetized with isoflurane (1%–3%), and 
the right common carotid artery was dissected. The cast was 
placed around the right common carotid artery, wounds were 
closed, and the animals were allowed to recover (analgesic 
agents: bupivacaine 1–2 mg/kg subcutaneous and carprofen 
5–10 mg/kg subcutaneous). For the ensuing 9 weeks, mice 
were randomly assigned to receive one of the following thera-
pies: (1) atorvastatin (Lipitor, Pfizer, prescription formulation) at 
a dose of 10 mg/kg per day by daily gavage (versus vehicle); 
(2) 200 μg of the inhibitory anti-CD47 antibody (MIAP410, 
Lot No. 705318N1, BioXCell) IP QOD (versus IgG1 control, 
MOPC-21, LOT No. 619916O1B, BioXCell).12 A total of 4 ani-
mals died or were euthanized during the follow-up. At the end 
of the study, we analyzed 11 animals in each of the PBS, atorv-
astatin, and anti-CD47 cohorts and 9 animals in the IgG group.

In Vivo PET/CT Imaging
In vivo 18F-FDG-PET/CT imaging was performed 6 and 9 
weeks after cast implantation. The mice were fasted overnight 

Nonstandard Abbreviations and Acronyms

18F-FDG-PET/CT  18F-fluorodeoxyglucose-positron 
emission tomography/computed 
tomography

TBRmean mean target-to-background ratio
VI vulnerability index

Highlights

• The cast model is a murine plaque vulnerability model 
and particularly suitable for noninvasive imaging.

• We show for the first time that 18F-fluorodeoxyglucose-
positron emission tomography imaging demon-
strates the capacity to resolve changes in lesion 
vulnerability after therapeutic intervention, irrespec-
tive of mechanism.

• This noninvasive imaging technique not only corre-
lates with lesion burden but may also be used to 
noninvasively assess plaque vulnerability in murine 
models.

• Taken together, these data suggest that it may be 
appropriate for the use of drug discovery in transla-
tion cardiovascular disease.
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before the scan. During anesthesia with isoflurane, spe-
cial precautions were taken to maintain body temperature. 
The radiotracer (15 MBq of 18F-FDG; Stanford Cyclotron & 
Radiochemistry Facility) was administered intravenously to 
the mice. To ensure correct drawing of the volume of interest, 
blood-pool contrast agents designed for small animal imaging 
were used. Because of the discoloration (violet/dark staining 
of the skin) after injection of colloidal gold agents, we used the 
iodine-based blood-pool agent Fenestra VC (MediLumine) at 6 
weeks and the gold contrast agent Mvivo Au (particle size 15 
nm, MediLumine) for the subsequent study at 9 weeks. Three 
hours after 18F-FDG administration, the mice were placed on 
the bed of a dedicated small animal PET/CT scanner (Inveon 
PET/CT, Siemens Medical Solution), and a static PET scan 
(30 minutes) was obtained. The energy window of the emis-
sion scan was set to 350 to 650 keV with a time resolution of 
3.4 ns. The axial scan length was 127 mm. The acquired emis-
sion dataset was stored in listmode. All listmode data were 
post-processed into sinograms using a sinogram width of 128, 
a span of 3, and a ring difference of 79. The sinograms were 
then reconstructed using an OSEM 3D/SP-MAP (ordered 
subset expectation maximization/maximum a posteriori) algo-
rithm with a matrix size of 128×128 (OSEM iterations: 2; MAP 
iterations: 18). The pixel spacing and slice thickness were 
0.776 mm. The emission data were normalized and decay cor-
rected. The system was calibrated to provide the quantifica-
tion in becquerel per milliliter. The same acquisition bed was 
used for the CT scan. The CT system was calibrated to acquire 
720 projections (voltage 80 kV; current 500 μA). The voxel 
size was 0.103×0.103×0.103 mm3. Quantitative analysis was 
performed using Inveon Research Workplace 4.2 software 
(Ed4.2.0.15, Siemens). 18F-FDG uptake was quantified by a 
standardized volume of interest of 3 mm3 size placed upstream 
(caudally) from the cast on the carotid artery (CT-based).13 All 
results are reported as mean standardized uptake values. For 
calculation of target-to-background ratios (TBRmean), the 
mean standardized uptake values were normalized by the 
uptake values in the contralateral common carotid artery.

Tissue Preparation and Histological Analyses
Mice were perfused with PBS via cardiac puncture and then 
perfusion fixed with 4% phosphate-buffered paraformalde-
hyde. The entire aortic arch with the origins of the right and 
left common carotid artery were carefully collected, embed-
ded in optimal cutting temperature compound (Catalog No. 
25608-930, VWR), and sectioned using a cryostat (Leica CM 
1950). In the carotid artery sections, plaque volume (calcu-
lated by measuring the plaque area at increasing distances 
from the cast; in cubic millimeter) and necrotic core (in % 
of intima area) were quantified by H&E staining (Catalog No. 
SH26-500D and SE22-500D, Thermo Fisher Scientific). The 
necrotic core was defined as the neointimal area devoid of 
cellular tissue. Collagen content was quantified by picrosirius 
red staining (Catalog No. 24901, Polysciences) in consecu-
tive sections. The plaque vulnerability index (VI) was adapted 
from previous studies9,14 and used to evaluate the degree of 
vulnerability by integrating the pivotal features in the follow-
ing formula: VI=(macrophage content+necrotic core size)/
(smooth muscle cell content+collagen content). Moreover, 
sections were scored using the main elements of Virmani’s 

histopathologic classification15 to further evaluate the lesions 
by considering the incidence of thin fibrous cap atheromas 
(thin fibrous cap atheromas were defined by multiple layers 
of macrophage foam cells, well-formed necrotic core cov-
ered by a thin fibrous cap, potential intraplaque hemorrhage9) 
in each treatment cohort. The corrected VI is the result of 
taking into account the incidence of thin fibrous cap ath-
eromas (TFCA) in each treatment group and scoring early 
lesions as zero (formula: corrected VI=VI×PTFCA). For immu-
nofluorescence staining, cryosections were blocked by anti-
gen blockade using 5% goat serum in PBS. Next, sections 
were incubated overnight at 4 °C with the following primary 
antibodies: Mac3 (BD 550292, BD Biosciences, 1:100) and 
α-SMA (α-smooth muscle actin; ab5694, Abcam, 1:300). After 
extensive washing, sections were incubated with secondary 
antibodies from Thermo Fisher Scientific: Alexa Fluor 647 goat 
anti-rat (A-21247, 1:300) and Alexa Fluor 488 goat anti-rabbit 
(A11034, 1:300). Counterstaining to visualize nuclei was per-
formed by incubating with DAPI (4′,6-diamidino-2-phenylin-
dole). Histological sections (H&E staining) were imaged using 
a Zeiss Axioplan (equipped with a Nikon camera). Picrosirius 
red sections (polarized light) and fluorescence sections were 
imaged using a Zeiss AxioImager (equipped with a Zeiss 
Axiocam). Sections were analyzed using Image J/FIJI software 
(Version: 2.0.0/1.52p, National Institutes of Health) in a blinded 
fashion. Maximal intensity projections of representative images 
were used to generate the images included in the Figures.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 
8 (GraphPad, Inc). Continuous data are presented as mean 
(SD; SEM). Normality of data was determined by perform-
ing a D’Agostino and Pearson omnibus or Shapiro-Wilk 
normality test (α=0.05). Normally distributed data were ana-
lyzed using an unpaired Student t test (2-tailed). If samples 
had unequal variances (determined by F-test), an unpaired 
Welch t test (2-tailed) was used. A 2-way ANOVA with 
Sidak multiple comparisons test was used for the analysis 
of plaque area at increasing distances upstream from the 
cast. For data that were not normally distributed, a Mann-
Whitney U test (2-tailed) was used. For correlative analy-
ses, we combined the results of all therapeutic strategies 
and their respective controls and performed Spearman cor-
relations (2-tailed). A P of 0.05 or less was considered to 
denote significance.

RESULTS
18F-FDG-PET Imaging Detects Effects of 
Atorvastatin and Anti-CD47 Antibodies on 
Atherosclerotic Plaque Activity
We tested whether noninvasive 18F-FDG-PET/CT was 
sensitive enough to detect changes in lesion stabil-
ity after pharmaceutic intervention in a murine model 
of advanced atherosclerotic lesions. To study this 
hypothesis, we utilized atorvastatin, as an example of 
a standard of care lipid-lowering treatment, and CD47 
blocking antibodies, as an example of a separate 
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antiatherosclerotic agent that functions via a lipid-
independent mechanism (the reactivation of defective 
efferocytosis). We observed that 18F-FDG uptake (Fig-
ure 1A) was reduced in the atorvastatin-treated cohort 
compared with the vehicle group (PBS versus atorva-
statin: TBRmean 1.27 [0.10; 0.03] versus 1.16 [0.10; 
0.03], P=0.0135; Figure 1B). Of note, we performed a 
longitudinal follow-up study in the anti-CD47 and IgG 
cohorts. Intriguingly, we noticed as early as 6 weeks 
after cast placement a reduced 18F-FDG uptake in 
the anti-CD47–treated cohort (IgG versus anti-CD47: 
TBRmean 1.18 [0.09; 0.03] versus 1.03 [0.09; 0.03], 
P=0.0024) and found a confirming result at 9 weeks 

(IgG versus anti-CD47: TBRmean 1.21 [0.14; 0.05] 
versus 1.01 [0.07; 0.02], P=0.0003; Figure 1C).

Atorvastatin and CD47 Blocking Antibodies 
Result in a Reduction in Atherosclerosis Burden 
and Plaque Vulnerability
To determine if these imaging results coincided with bio-
logical changes in the vessel wall, we next performed 
a series of histological analyses on lesions collected 
after 9 weeks of lipid-lowering therapy. We found that 
our 18F-FDG-PET/CT result coincided with changes in 

Figure 1. 18F-fluorodeoxyglucose-positron emission tomography (18F-FDG-PET) imaging detects effects of atorvastatin and anti-
CD47 antibodies on atherosclerotic plaque activity.
A, Representative images of computed tomography (CT; sagittal and coronal), PET (sagittal and coronal), and fused PET/CT (sagittal and 
coronal). The white arrow refers to the region-of-interest located upstream (caudally) from the cast. B and C, Quantification (mean standardized 
uptake value [SUVmean], mean target-to-background ratio [TBRmean]) showed reduced vascular 18F-FDG uptake after treatment with 
atorvastatin and CD47 blocking antibody, respectively. Data and error bars present the mean±SEM. Data of (B) and (C) were analyzed by 
Mann-Whitney U test (2-tailed). ROI indicates region-of-interest.
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several features of plaque vulnerability, each of which was 
improved by atorvastatin. First, we observed that plaque 
volume (PBS versus atorvastatin: 0.18 mm3 [0.08; 0.02] 
versus 0.08 mm3 [0.06; 0.02], P=0.0051; presented as 
plaque area at increasing distances from the cast in Fig-
ure 2A) and necrotic core size (PBS versus atorvastatin: 
20.1% [4.86; 1.47] versus 15.1% [2.98; 0.90], P=0.0083; 
Figure 2B) were reduced compared with vehicle. Further-
more, we found no difference in plaque collagen content 
measured by picrosirius red staining (PBS versus atorva-
statin: 26.6% [13.40; 4.04] versus 27.7% [18.56; 5.60], 
P=0.8470) or lesional content of smooth muscle cells 
(PBS versus atorvastatin: 5316 μm2 [5780; 1743] versus 
6113 μm2 [3847; 1160], P=0.4009). On the other hand, 
atorvastatin did change the macrophage content (PBS 
versus atorvastatin: 15 046 μm2 [13 630; 4110] versus 
5437 μm2 [3496; 1054], P=0.0233; Figure 2C). To inte-
grate the totality of these changes, we assessed the cor-
rected VI by computing the unstable features (necrotic 
core size and Mac3 content) in relation to stable features 
(collagen area and α-SMA content). Notably, we found that 
the corrected VI was reduced 0.21-fold in the atorvastatin-
treated cohort (PBS versus atorvastatin: 3.62 [3.15; 0.95] 
versus 0.75 [0.75; 0.23], P=0.0103; Figure 2D and Table 
IVA in the Data Supplement).

To determine whether these reductions in plaque 
instability were restricted to lipid-lowering drugs, or if 
they could also be observed with therapies that function 
independently of classical risk factors, we next analyzed 
lesions from mice treated with a proefferocytic therapy. 
CD47 blocking antibodies also showed a remarkable 
effect on plaque characteristics compared with the IgG-
treated control group. Intriguingly, anti-CD47 therapy 
resulted in a pronounced reduction in plaque burden (IgG 
versus anti-CD47: 0.23 mm3 [0.18; 0.06] versus 0.04 
mm3 [0.03; 0.01], P=0.0176; presented as plaque area 
at increasing distances from the cast in Figure 2E) and 
necrotic core size (IgG versus anti-CD47: 17.9% [4.32; 
1.44] versus 8.6% [3.83; 1.16], P<0.0001; Figure 2F). 
Similar to statin-treated animals, no changes in collagen 
plaque content (IgG versus anti-CD47: 22.5% [8.44; 2.81] 
versus 24.8% [13.86; 4.18], P=0.8238) were observed. 
Using immunofluorescence, we detected no difference in 
the content of lesional smooth muscle cells (IgG versus 
anti-CD47: 4445 μm2 [4418; 1473] versus 4365 μm2 
[2697; 813], P=0.6556) or macrophages (IgG versus 
anti-CD47: 11 355 μm2 [10 049; 3350] versus 7014 μm2 
[9297; 2803], P=0.4561; Figure 2G). In conclusion, these 
observations demonstrated a tremendous stabilization 
of advanced lesions, resulting in a computed reduction 
of the corrected VI by 0.15-fold (IgG versus anti-CD47: 
4.81 [4.41; 1.47] versus 0.72 [0.83; 0.25], P=0.0483; Fig-
ure 2H and Table IVB in the Data Supplement).

18F-FDG-PET Imaging Detects Histologically 
Proven Changes in Plaque Vulnerability
To determine if these noninvasive imaging parameters 
were reflective of gold-standard morphometric indices, we 
next investigated the correlation between FDG-PET imag-
ing data (mean target-to-background ratios) and several 
widely-accepted histopathology parameters of plaque vul-
nerability.14,15 For these analyses, we combined the results 
of both orthogonal therapeutic strategies and their respec-
tive controls including: (1) the atorvastatin-treated cohort 
(green) and the respective vehicle-treated control (black); 
(2) the CD47 blocking antibody-treated cohort (red) and 
the respective IgG1–treated control (white). We observed 
that the TBRmean values correlated moderately with 
plaque volume (r=0.51, P=0.0005; Figure 2I), necrotic 
core size (r=0.56, P=0.0001; Figure 2J), and macrophage 
content (r=0.42, P=0.0054; Figure 2K). Intriguingly, 18F-
FDG radiotracer uptake also correlated with the corrected 
vulnerability indices (r=0.38, P=0.0137; Figure 2L).

DISCUSSION
The last decade has witnessed the approval of an incred-
ible number of innovative, first-in-class therapies, largely 
driven by a series of breakthrough advances in the fields 
of immuno-oncology16 and infectious disease.17 In con-
trast, the field of cardiovascular medicine has been gen-
erally stagnant over that time, with few recent examples 
of truly novel discoveries being translated from bench to 
bedside. Although a number of discipline-specific obsta-
cles have been proposed as potential contributing fac-
tors,18 it is clear that the lack of murine models which 
faithfully recapitulate human cardiovascular disease is 
one major reason why initially promising preclinical find-
ings so rarely prove efficacious when advanced to ran-
domized clinical trials.19–21

Because only a few atherosclerosis models develop 
spontaneous myocardial infarctions,22,23 investigators 
have introduced a series of plaque vulnerability mod-
els that seem to more accurately capture the complex 
pathophysiology underlying acute vascular events.24 
The majority of these plaque rupture models generate 
unstable lesions in the carotid arteries. In this study, 
we focused on the cast model given that it (1) repro-
ducibly induces alterations in shear stress in a man-
ner that promotes hallmarks of the unstable human 
plaque7,9,14; (2) is high throughput and can be mas-
tered with minimal microsurgery training; and (3) can 
be modified by the addition of an angiotensin II-infus-
ing minipump7 to allow the study of intraplaque hemor-
rhage, as a driver of vulnerability.25 It is also important 
to note that in contrast to other ligation-based vul-
nerability models (which induce prominent neointimal 
hyperplasia6), the cast model does not induce total 
occlusion of the carotid artery, meaning the vessel can 
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Figure 2. 18F-fluorodeoxyglucose-positron emission tomography (18F-FDG-PET) imaging detects response to therapeutic 
intervention and correlates with indices of plaque vulnerability.
A and B, Representative H&E images (A). Plaque area (A) and necrotic core size (B) were reduced by atorvastatin treatment. C, 
Representative immunofluorescence images of Mac3. The abundance of lesional macrophages was reduced in the atorvastatin-treated cohort. 
White lines depict lumen and internal elastic lamina, respectively. D, Assessment of corrected vulnerability indices (Continued )
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be opacified and readily visualized with noninvasive 
imaging modalities. Additionally, the presence of the 
polymer cast facilitates anatomic localization of the 
cast and the upstream vulnerable lesion.

In this report, we employed 18F-FDG-PET/CT given 
that it is a widely used imaging technique for atheroscle-
rosis in both human studies26–28 and basic research.29–32 
In humans, this technique has favorable reproducibility 
and low interobserver variability33 and can be performed 
serially in human subjects to quantify changes in vascular 
inflammation over time and/or response to therapy.26,34 
In mice, a previous PET/CT study using the cast model 
found that plaque size, stenosis grade, and macrophage 
ranks correlated with 18F-FDG uptake.13 However, the 
study did not determine whether PET/CT could quantify 
changes after treatment nor specifically identify those 
lesions which were most prone to rupture. The data pro-
vided in the current study are the first to demonstrate 
that 18F-FDG uptake correlates not only with plaque bur-
den but also with the size of the necrotic core and the 
corrected VI in mice. Therefore, 18F-FDG imaging could 
become a reliable surrogate for vascular biologists wish-
ing to accelerate their studies and reduce their depen-
dence on laborious postmortem histological analyses.

The other major advance provided by the current 
study was to demonstrate that this technique is sensitive 
enough to detect changes in plaque vulnerability in mice 
in response to 2 orthogonal therapeutic interventions. 
As proof-of-principle studies, we elected to investigate 
atorvastatin, given that it is the most widely prescribed 
drug in its class and represents a standard of care ther-
apy known to reduce adverse cardiovascular events in 
humans.35 Additionally, we chose anti-CD47 antibodies, 
which reactivate defective efferocytosis and reduce ath-
erosclerosis without inducing any change in lipids or other 
traditional risk factors.12,36 In each case, histologically 
proven improvements after treatment correlated with a 
significant decrease in 18F-FDG uptake. This observation 
is consistent with prior human studies showing that PET 
is sensitive enough to detect the early treatment effects 
of statins on atherosclerotic plaques26,34 and suggest this 
modality could be extended to other therapies that func-
tion via alternative mechanisms.

Taken together, this brief report shows that noninva-
sive PET imaging can be used to identify unstable ath-
erosclerotic lesions in mice. We show for the first time 

that this approach can also be used to evaluate the 
response to a therapeutic intervention, and to quantify 
reductions in lesion vulnerability. While future studies are 
needed to examine the efficacy of the corrected VI as a 
scoring system in different vascular beds, these results 
suggest that 18F-FDG-PET imaging could be used as a 
key gating approach for translational researchers, and 
help prioritize which pharmaceutic interventions should 
be selected for further investigation.
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