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Inflammation drives the degradation of atherosclerotic plaque, yet there are no non-invasive
techniques available for imaging overall inflammation in atherosclerotic plaques, especially in the
coronary arteries. To address this, we have developed a clinically relevant system to image overall
inflammatory cell burden in plaque. Here, we describe a targeted contrast agent (THI0567-targeted
liposomal-Gd) that is suitable for magnetic resonance (MR) imaging and binds with high affinity and
selectivity to the integrin a431(very late antigen-4, VLA-4), a key integrin involved in recruiting
inflammatory cells to atherosclerotic plaques. This liposomal contrast agent has a high T1 relaxivity
(~2 X 10°mM~1s~ on a particle basis) resulting in the ability to image liposomes at a clinically
relevant MR field strength. We were able to visualize atherosclerotic plaques in various regions of the
aorta in atherosclerosis-prone ApoE~/~ mice on a 1 Tesla small animal MRI scanner. These enhanced
signals corresponded to the accumulation of monocyte/macrophages in the subendothelial layer of
atherosclerotic plaques in vivo, whereas non-targeted liposomal nanoparticles did not demonstrate
comparable signal enhancement. An inflammatory cell-targeted method that has the specificity and
sensitivity to measure the inflammatory burden of a plaque could be used to noninvasively identify
patients at risk of an acute ischemic event.

Global mortality rates identify ischemic heart disease as a leading cause of death'. Thrombosis resulting from deg-
radation of atherosclerotic plaques, either through plaque rupture or superficial erosion, is the cause of a majority
of acute coronary ischemic events in humans®=°. Although therapeutic targeting of risk factors for atherosclerosis,
such as high blood pressure and cholesterol levels, has reduced mortality rates, these same risk factors are poor
indicators of acute or recurrent events®. Despite our improved understanding of the physiology of atherosclerotic
plaque development and progression, no clinically relevant imaging tools are available to identify patients who
are at high risk of having an ischemic coronary event.

Atherosclerosis is an inflammatory disease’ that begins with the subendothelial accumulation of lipoproteins
in small- to medium-sized arteries®. This accumulation results in activation of endothelial cells, which involves
upregulating the expression of adhesion molecules, including vascular cell adhesion molecule-1(VCAM-1).
By binding integrin receptors, such as a431 on circulating leukocytes, these adhesion molecules facilitate the
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recruitment and accumulation of leukocytes at inflammatory sites®~'!. Monocytes/macrophages and lymphocytes
make up about half of the cellular components of atherosclerotic plaques'; neutrophils are present in lower num-
bers'®. Because these cell types are found at the site of culprit lesions and contribute to the weakening of plaques,
they are considered critical markers of plaques that are vulnerable to rupture'>*-17 or erosion'®!?.

Current clinical diagnostic techniques cannot be used to assess the complete inflammatory cell burden in
atherosclerotic plaques. Coronary angiography, although the standard technique for imaging arterial anatomy,
and contrast-enhanced computed tomography cannot delineate the cellular and molecular composition of
plaques?*?!. 8F-fluorodeoxyglucose (**F-FDG)-based positron emission tomography (PET) imaging can be used
to measure inflammation® but lacks specificity for inflammatory cells as it is taken up by metabolically active cells
in the myocardium?!. Other limitations of 8F-FDG-PET include radiation doses that limit longitudinal studies
and restricted geographic availability of PET tracers. '®F-modified polyglucose nanoparticles (**F-Macroflor), or
the PET tracer ®*Ga-DOTATATE (which only binds a subset of macrophage that express the somatostatin recep-
tor subtype-2 (SST,), allow for quantification of macrophages but not lymphocytes or neutrophils**?%. MRI with
conventional gadolinium (Gd) contrast agents also lacks specificity for detecting inflammatory cells at athero-
sclerotic sites. Molecular imaging agents that target cell surface receptors expressed on immune cells or molecules
expressed specifically within atherosclerotic plaque have been evaluated in preclinical settings®*-*!. Peptides®*-4,
monoclonal antibodies®*, single-chain antibodies”’, and nanobodies®® have been used in these imaging con-
structs; however, clinical translation of these agents is hampered by concerns of in-vivo stability, safety-toxicity,
and clinical manufacturing.

Approaches targeting integrin receptors have been investigated for imaging inflammatory plaques. However,
the majority of integrin-targeted constructs under development for molecular imaging of inflammation in ather-
osclerosis rely on RGD (Arg-Gly-Asp) peptides and their variants, despite the fact that the main integrins respon-
sible for inflammatory cell recruitment into atherosclerotic plaque are non-RGD binding integrins. Integrin 431
is a non-RGD binding integrin expressed on monocytes/macrophages, lymphocytes®, and neutrophils*. Integrin
431 binds the counter-receptor VCAM-1 on activated endothelial cells; this binding recruits monocytes/mac-
rophages and T cells to atherosclerotic plaques®'". Integrin o431 is a clinically validated drug target*! for which
high-affinity, small-molecule antagonists have been identified*>*. As such, integrin o431 could facilitate assess-
ment of the overall immune cell burden of atherosclerotic plaques and, therefore, is an attractive candidate for the
development and clinical translation of imaging agents targeting inflamed plaques.

The aim of this work was to develop a targeted MR imaging agent that would enable imaging of inflammatory
cell burden in atherosclerotic plaques using a system that would have broad clinical applicability. To this end, we
have incorporated a novel non-peptidic small molecule integrin a431 antagonist into a liposomal Gd contrast
agent. Integrin o431 directs inflammatory cells to atherosclerotic plaques’!!. Liposomes are considered safe in
humans, and their pharmacokinetics, organ distribution, and toxicities are well understood*:. The targeted lipo-
somal Gd contrast agents used in our study enable imaging of relevant cell types within atherosclerotic plaques
at clinically relevant field strengths. These unique features of our approach should facilitate translation to clinical
development.

Results

Modifications of integrin o431 antagonists. We have developed multiple structural classes of small
molecule antagonists of the integrin a4314-%%. THI0520 and THI0565 (Fig. 1A,B) are compounds belonging to
a non-peptidic structural class and are potent antagonists of the integrin a431 (ICs, 0.48 £0.07nM [n=28] and
0.33 £0.07nM [n=6], respectively). Conversely, they demonstrated decreased affinity against integrin heterodi-
mers that are related to integrin 0431, namely o437 and 0931, and showed no activity against other integrins not
related to 431 (Supplemental Table S1). Previous structure-activity relationship (SAR) analyses identified the
central pyridone ring region of these compounds as an area that could be modified with little effect on antagonist
affinity. Molecular Dynamics simulations of these antagonists within the ligand-binding domain of integrin 431
correlated well with previous SAR analyses in that the major binding determinants of THI0565 included the
carboxylic acid coordinating the divalent cation in the 31 subunit metal ion-dependent adhesion site (MIDAS)
and 2-hydroxyethoxyphenyl hydrophobic interactions with the a4 subunit PHE214 and TYR187 (Fig. 1C). The
hydroxyl group of the central pyridone ring appeared to be in a region that could be modified and would not
affect antagonist affinity (Fig. 1C, right panel). On the basis of SAR and modelling results, we modified THI0520
and THI0565 at the central pyridone ring hydroxyl group with linkers and functional groups (Fig. 1D,E) to incor-
porate these antagonists into liposomes for use as targeting ligands (see Compound Synthesis in Supplement).
Modifying these compounds with a 12- or 14-atom chain that included a terminal carboxylic acid/ester, then fur-
ther with DSPE-PEGg;,, (to incorporate into liposomes), resulted in only a 2-10-fold decrease in apparent affin-
ity. Specifically, DSPE-PEG;,,, modification of THI0520 (to generate compound THI0550) decreased antagonist
affinity almost 10-fold, from 0.48 +-0.20 nM (n=8) to 4.0 £ 1.3nM (n =3, Fig. 1F), whereas similar modification
of THI0565 (to create compound THI0567) decreased antagonist affinity only from 0.33 +0.16 nM (n=6) to
0.62£0.19nM (n=3) (Fig. 1G). THI0567 remained the most potent compound after modification and was used
to prepare the targeted liposomal formulations.

Generation of integrin o431 targeted liposomes.  Although unmodified liposomal nanocarriers are
internalized by phagocytic cells to a limited extent, attaching targeting agents to these carriers has dramatically
increased the efficiency and specificity of cellular uptake due to receptor-mediated endocytosis**°. We generated
a matrix of liposome formulations (for liposome constituents, see Supplementary Table S2) to test the effects of
liposome size (between 100-250 nm) and surface density of the targeting ligand (0.05-1.0% total lipid concen-
tration) on the efficiency of liposome binding to integrin a431-expressing cells. Figure 2A shows a schematic of
the liposome variants. To develop the MRI contrast agent, we incorporated Gd into the liposome bilayer by using
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Figure 1. Modification of small molecule antagonists of the integrin a431. (A,B) Structure and activity of

the small molecule integrin antagonists. Studies showing a431-expressing-K562 cell adhesion to plastic-
immobilized vascular cell adhesion molecule-1 (VCAM-1). An average “Percent Adhesion” from at least 6
independent experiments is shown (average == SEM). (C) Molecular Dynamics simulation of THI0565 binding
into the integrin a431 ectodomain. THI0565 is anchored by the carboxylic acid coordination of the 31 MIDAS
Mg** ion (green sphere, expanded 2x for visualization) and the 2-hydroxyethoxyphenyl group hydrophobic
interactions with a4 residues PHE214 and TYR187. The pyridone hydroxyl appears readily available for
modification (red square). (D,E) Modifications of THI0520 and THI0565 to generate targeting conjugates for
liposome formulation. (F,G) Inhibitory activity (ICs,) of modified compounds as determined in a4f31-K562 cell
adhesion assays to VCAM-1.

methods described previously®. Rhodamine-labeled liposomal formulations were used for fluorescence-based
in-vitro and in-vivo binding analyses. Flow cytometry-based binding assays were performed by using the integrin
o4f1-expressing human Jurkat T cell line®* (Fig. 2B). Strong binding of THI0567-targeted liposomes (red histo-
gram) was detected over cellular autofluorescence. Nonspecific binding was measured in the presence of EDTA,
which chelates the divalent cation Mg** from the 31 chain MIDAS site, inactivating the integrin®. Nonspecific
binding was minimal (Fig. 2B). Dose-response assays were performed with and without EDTA to generate total
and nonspecific binding curves. Targeted liposome binding was dose dependent and saturable (Fig. 2C). Binding
data were fit by using a one-site binding model for all liposome variants in the matrix (Supplementary Fig. S1).
Liposome physical characteristics, chemical composition, and binding activities are summarized in Fig. 2D.
Binding affinity directly correlated with THI0567 (targeting ligand) concentration and liposome size. Larger
liposome size (>200nm) results in a shorter blood circulation half-life because of rapid clearance by cells of
the reticuloendothelial system, and the larger size presents challenges in clinical translation due to issues with
preparation of sterile formulation. Thus, we selected liposomes with incorporation of 1% targeting ligand and an
average diameter of 150-175nm for further study.

Binding specificity and selectivity of a431-targeted liposomes. THI0565, the 431 integrin
antagonist modified to generate THI0567 (Fig. 1F), was used to demonstrate the specificity of THI0567-targeted
liposome binding to Jurkat T cells. In competition experiments, THI0565 inhibited THI0567-targeted liposome
binding to Jurkat cells in a dose-dependent manner. The half-maximal inhibitory concentrations of THI0565
were 6.4 X 107 M when tested against targeted liposome containing 1.0% targeted ligand and 5.2 x 10~ M when
tested against targeted liposome containing 0.05% targeted ligand (Fig. 3A). Decreasing the ligand concentration
of the liposome by 20-fold resulted in a corresponding 12-fold decrease in the ICs, of THI0565; this further sup-
ports the idea that binding of liposomes to Jurkat cells is dependent on the targeting ligand. Binding specificity
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Figure 2. Integrin a431-targeted liposomes. (A) Schematic diagram of liposome formulations. (B) Flow
cytometric analysis of THI0567-targeted liposome (250 nm, 1.0% targeting conjugate, 3 x 10~°M) binding to
Jurkat cells. Background nonspecific binding was measured in the presence of EDTA (20 mM). Three separate
experiments were overlayed into one histogram. Nonspecific binding was determined in the presence of EDTA
(20mM) (C) Dose-dependent binding of THI0567-targeted liposomes (250 nm, 1.0% targeting conjugate) to
Jurkat cells. Curve fitting was performed with GraphPad Prizm using a one-site binding model of total and
nonspecific binding (lower graph). Liposome binding is expressed as the geometric mean fluorescence intensity
(gMFI) of rhodamine B fluorescence. Data are expressed as mean = SEM (n = 3 independent experiments).

(D) Effects of particle size and targeting conjugate densities on liposome performance. Average Kds were
calculated from 3 separate experiments for each liposome formulation. Abbreviations: DPPC-Dipalmitoyl
phosphatidylcholine; DSPE-PEG,,,-OMe - Distearoyl phosphoethanolamine- methoxy polyethylene glycol,g;
THI0567 - Distearoyl phosphoethanolamine-methoxy-polyethylene glycols,,, -linker-THI0565; DHPE-
Rhodamine - Dihexadecanoyl phosphoethanolamine (lissamine rhodamine B); DTPA-BSA-Gd - Diethylene
triamine pentaacetic acid-bis(stearylamide) (gadolinium).

was also verified by comparing binding of THI0567-targeted liposomes to wildtype Jurkat cells or to Jurkat cells
treated with mutagen and selected for loss of integrin 431 expression®* (Supplementary Fig. S2). There was no
specific binding to a431-deficient Jurkat cells (Fig. 3B) or to the erythroleukemic cell line K562 (Fig. 3C), which
has no detectable levels of a431 (Supplementary Fig. S2). However, when the a4 subunit was stably expressed
in K562 cells (Supplementary Fig. S2), THI0567-targeted liposomes bound (Fig. 3C). Non-targeted liposomes
were generated and binding assays were performed to compare them against THI0567-targeted liposomes.
Non-targeted liposome binding to Jurkat cells was low (Fig. 3D). THI0567-targeted liposomes specifically bound
a4B1-expressing murine 70Z3 cells with similar affinity to human cells, demonstrating cross-species binding
(Fig. 3E). Similar binding was also observed for a4f31-expressing rat, rabbit, and canine cells (Supplementary
Table S2). Binding was dependent on integrin o431 because function-blocking antibodies to this integrin pre-
vented the interaction (Fig. 3F). Confocal analysis of THI0567-targeted liposome binding to monocytic cells
(THP-1) and T cells (Jurkat) indicated liposome internalization (Fig. 3G), which was verified with a 3D recon-
struction from confocal Z-stack images of internalized liposome in Jurkat T cells (Supplementary Movie S1).

In vivo binding of targeted liposomes. Before performing in vivo experiments, we determined that
plasma did not adversely affect specific binding of targeted liposomes to Jurkat cells (Supplementary Fig. S3).
Then, we analyzed the binding of targeted liposomes to subsets of peripheral blood cells i vivo. For these studies,
healthy C57BL/6 mice were injected (via the femoral vein) with saline vehicle, THI0567-targeted liposomes, or
non-targeted liposomes (Fig. 4A). Peripheral blood was collected 2 h after injection. Plasma was stored to measure
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Figure 3. 0481-specific binding of THI0567-targeted liposomes. (A) THI0565 competition with THI0567-
targeted liposome (150 nm; 0.05% or 1.0% targeting conjugate; used at a particle concentration of 2 x 1071 M).
Average %inhibition + SEM (n =3 experiments). (B) Binding of THI0567-targeted liposome (2 x 1071 M)

to wildtype Jurkat cells and «4f31°8 Jurkat cells (C) Binding of THI0567-targeted liposome (2 x 10~'°M)

to wildtype K562 cells and a K562 cells stably expressing integrin a431 (a431P%). (D,E) THI0567-targeted
liposome (150 nm; 1.0% targeting conjugate) and non-targeted liposome (150 nm; 0% targeting conjugate)
binding to Jurkat and murine 70Z3 cells. In (B-E), average gMFI & SEM (n =3 experiments). (F) THI0567-
targeted liposome binding to murine 70Z3 cells in the presence of anti-o4 mAb PS/2 or IgG2b isotype control
(average gMFI 4+ SEM [n =4 experiments]). (G) THI0567-targeted (Dual-Gdsg;) liposomes (2 x 1071 M) were
incubated with THP-1 or Jurkat T cells (1h at RT, & 20 mM EDTA), followed by counter-staining for FcyRI
(green, THP-1) and CD3 (green, Jurkat). Blue; Hoechst 33342.

liposome concentrations (Fig. 4B), and cells were stained for the indicated markers. Quantification by flow
cytometry demonstrated specific uptake of THI0567-targeted liposomes in CD11b* mononuclear cells, CD3* T
cells, CD197" B cells, and Ly-6G™* polymorphonuclear leukocytes but negligible uptake of non-targeted liposome
in any of these populations (Fig. 4C). The cells were sorted and fixed onto glass slides for confocal microscopy.
Imaging of Rhodamine B fluorescence corroborated the flow cytometric results. Rhodamine B fluorescence was
observed in peripheral blood CD11b" mononuclear cells and CD3" T cells isolated from mice injected with
THI0567-targeted liposome (Fig. 4D,E). However, in mice injected with non-targeted liposomes, Rhodamine
fluorescence was similar to saline-treated animals (Fig. 4D,E). Similar results were found when CD19% B cells and
Ly-6G* polymorphonuclear leukocytes were examined (Fig. 4FG). The lack of non-targeted liposome uptake
was not due to a lower concentration of this agent in plasma because we found no significant difference between
THI0567-targeted and non-targeted liposome concentrations in the plasma at the 2h time point (Fig. 4B).
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Figure 4. In vivo binding of targeted liposomes. (A) Schematic of experimental design. (B) Rhodamine B
levels in the plasma (2 h after dosing). (C) Rhodamine B fluorescence in sorted peripheral blood (PB) cells used
for confocal analysis. Average gMFI + SEM from 3 experiments (normalized for cellular autofluorescence).
(D-G) Confocal imaging of liposome binding to PB cells. After cytometry and sorting, confocal microscopy
was performed for CD11b (FITC) (D), CD3 (Cy5) (E), CD19 (Cy5) (F), Ly-6G (FITC) (G), Rhodamine B (to
identify liposomes), and Hoechst 33342 (nucleus). Identical confocal acquisition settings were used for all
images. For all experiments, targeted liposome = THI0567-targeted liposomal-Gd (150 nm; 1.0% targeting
conjugate); non-targeted = liposomal-Gd (150 nm; 0% targeting conjugate). Abbreviations: PBL (peripheral
blood lymphocytes); gMFI (geometric mean fluorescence intensity); SEM (standard error of the mean); CD
(cluster of differentiation); PMN (polymorphonuclear).

Liposome uptake in plaques of ApoE~/~ mice. We examined THI0567-targeted liposome uptake in
atherosclerotic plaque in mice. ApoE~/~ mice fed a pro-atherogenic diet develop inflammatory plaques pre-
dominantly in the aortic root and arch regions and at branch points of the arterial tree®. Inflammatory cell
recruitment into these plaques is largely due to the integrin a431/VCAM-1 adhesion axis’!!. For our MRI stud-
ies, ApoE~/~ mice (12-14 weeks old) were fed a high-fat diet for approximately 10 weeks. Then, the mice were
intravenously injected with THI0567-targeted liposomes (0.1 mmol Gd/kg) or non-targeted control liposomes
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(0.1 mmol Gd/kg). In vivo MR imaging was performed on a 1T permanent magnet using a T1-weighted (T1w)
3D gradient-recalled echo (GRE) sequence. All mice underwent precontrast T1w imaging followed by admin-
istration of liposomal-Gd contrast agent (THI0567-targeted or non-targeted) and an immediate postcontrast
scan. To ensure clearance of the contrast agent from the circulation, we acquired delayed postcontrast scans
72hours after administering the liposomal contrast agent (Fig. 5A). The THI0567-targeted liposomal-Gd agent
showed higher aortic wall signal enhancement on T1w images at multiple locations along the aorta (Fig. 5B,C);
the non-targeted agent did not show comparable signal enhancement. To quantitate signal enhancement in MR
images, we calculated normalized enhancement ratios (NER) using previously described methods®®. The over-
all NER was significantly higher in mice administered the THI0567-targeted liposomal-Gd agent than in those
given the non-targeted liposomal-Gd (42.8 £15.3 vs. 7.4+ 5.6, p=0.04) (Fig. 6A). To identify regions with the
highest signal enhancement, we determined the NER in multiple aortic segments: the ascending aorta, aortic
arch, and descending aorta (Fig. 6B). The NER was significantly higher in targeted liposomal-Gd-treated mice
than in mice administered non-targeted liposomal-Gd in the aortic arch (66.8 = 15.6 vs. 12.3+9.6, p=0.001)
and the descending aorta (28.7 & 14.6 vs. —12.2 £ 8.4, p=0.023) (Fig. 6C). In the ascending aorta, although the
average NER was higher in the targeted-liposome group, the difference between the two groups did not reach
statistical significance. After the delayed postcontrast scans, aortic tissue was harvested and sectioned to examine
liposome accumulation patterns. On examination of sections from the ascending aorta and aortic arch, liposome
accumulation (as indicated by Rhodamine B fluorescence) was limited to Oil red-positive plaques (Fig. 6D,E). No
Rhodamine B fluorescence was observed in plaques from untreated mice (Fig. 6D).

Sections of aortic plaques were examined by immunofluorescence to determine if markers associated
with cells of the monocytic lineage colocalized with THI0567-targeted liposomes. Rhodamine B fluorescence
(liposome) in the aortic root was limited to subendothelial areas within plaques (Fig. 7A, upper right panel).
Liposome fluorescence colocalized with both CD11b and F4/80 monocyte/macrophage markers (Fig. 7A, lower
panels). Branching arteries, such as the brachiocephalic artery, and the aortic arch region contained dense
THI0567-targeted liposome accumulation (Fig. 7B,C, respectively), with liposomes internalized within CD11b*
cells in the plaque regions.

Discussion

No relevant, clinically available noninvasive techniques have been developed to analyze the total inflammatory cell
burden in atherosclerotic plaques. Because outcomes-based clinical scores are not accurate in predicting patients
who are at high risk of acute ischemic events”, there is a need to develop noninvasive techniques that could be
widely available and accurately stratify patient risk and possibly guide clinical trials. Here, we have shown that
potent small molecule antagonists of the integrin a4f31, a key receptor on inflammatory leukocytes that mediates
cell recruitment to atherosclerotic plaques® ', can be modified for use in targeting liposomal-gadolinium contrast
agents to a4 1-expressing inflammatory cells. This approach can facilitate molecular MR imaging of inflamed
atherosclerotic plaques at clinically relevant MR field strength.

The integrin class of cell surface receptors are attractive targets for imaging probes. They demonstrate
tissue-specific expression®®, can be targeted with small molecule drugs*>**-%!, and are internalized upon ligand
binding®. Indeed, several antibody, peptide, and small molecule-based imaging approaches have been described
that target mostly integrins aV33 for neovascularization® or aIIb33 for thrombosis or platelet activation®’. We
have focused on developing liposomal nanoparticles that target the integrin a431, a non-RGD-binding integrin,
which is expressed on monocytes, lymphocytes, and neutrophils at levels of up to 10° receptors per cell®®. Integrin
4031 binds the counter-receptor VCAM-1 on activated endothelial cells. This interaction is critical in several
inflammatory disease models*>*36-% and is responsible for recruiting leukocytes to atherosclerotic plaques® ',
Here, we developed small molecule antagonists of «431 that are potent (ICs, ranges between 330 x 10712 to
480 x 1072 M) and selective for a4f31. No activity was seen against integrins a1p1, o281, 581, aL32, aV(33, and
olIbp3. These antagonists have a similar structure to those that have completed phase I clinical testing®?. Using
SAR and modeling studies, we identified a region in these antagonists that could be modified without signifi-
cant loss of activity and developed liposome targeting agents. To maximize the interactions of THI0567-targeted
liposomes to a4P31 receptors on the cell surface (and based on our experience with optimizing ligand-targeted
liposomes), we presented the ligand via a longer PEG chain (3400)%. THI0567-targeted liposomal nanoparti-
cles bound a431-expressing cells with picomolar activity and a high degree of specificity and were active across
multiple species (human, dog, rabbit, rat, and mouse) (Supplementary Table S3). Cross-species binding of
THI0567-targeted liposomes will aid in clinically translating this approach in terms of efficacy and toxicity, and
contrasts with the use of protein-targeting agents, which are often species specific.

Specific binding of THI0567-targeted liposomes to peripheral blood cell subsets, including CD11b* mono-
cytes, CD3* T cells, CD19" B cells, and Ly-6G ™ neutrophils, was seen after systemic administration in healthy
C57BL/6 mice. These cell types express relatively high levels of integrin o431, except for neutrophils, which
express low levels of this integrin along with the related integrin a931%°. MR imaging of THI0567-targeted
liposomal-Gd in ApoE~/~ mice fed a high-fat diet showed enhanced signal when compared to non-targeted
liposomal-Gd. In our mouse studies, the NER of THI0567-targeted liposomal-Gd was 5-fold higher than that of
non-targeted liposomal-Gd in the aortic arch.

Immunofluorescent analysis of tissue sections from THI0567-targeted liposomal-Gd-treated ApoE~/~
mice indicated liposome localization in plaques. THI0567-targeted liposomes colocalized with the mono-
cyte/macrophage markers CD11b and F4/80 in subendothelial regions of plaque accumulation. Notably, no
THI0567-targeted liposomes were observed in endothelial or muscle cells, even though these tissues can express
low levels of «431 and a9317%72. This specific targeting is an advantage over current PET-based approaches with
8E-FDG, which lack the ability to differentiate between signals generated from inflammatory cells and other cells
under high metabolic demand”.
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