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ABSTRACT

A quantum-dot-based nanoparticle is presented, allowing visualization of cell death and activated platelets with fluorescence imaging and
MRI. The particle exhibits intense fluorescence and a large MR relaxivity (r 1) of 3000−4500 mM-1 s-1 per nanoparticle due to a newly designed
construct increasing the gadolinium-DTPA load. The nanoparticle is suitable for both anatomic and subcellular imaging of structures in the
vessel wall and is a promising bimodal contrast agent for future in vivo imaging studies.

Contrast-enhancing nanoparticles are essential in the field
of molecular imaging. Molecular imaging focuses on early
detection of various diseases and supports personalized
therapy. While conventional imaging modalities such as
computer tomography and magnetic resonance imaging
(MRI) allow visualization of anatomical and (patho)physi-
ological consequences of the disease, molecular imaging is
based on the molecular and cellular fingerprints of the
disease, requiring disease-specific molecular targets as well
as target-specific nanoparticles. Furthermore, these nano-
particles should allow visualization in vivo with sufficient
perceptibility.

Programmed cell death (PCD) is a process of organized
cell suicide and occurs in various forms, of which apoptosis

is the best known.1 PCD plays important roles in physiology
as well as pathology of multicellular organisms. During
homeostasis, a balance exists between cell proliferation and
cell death. This equilibrium is disturbed under certain
pathological conditions. Acute myocardial infarctions,2 heart
failure,3 or unstable atherosclerotic plaques4,5 show increased
PCD, whereas in cancer, this balance shifts toward cell
proliferation.6 Anticancer therapies are being developed in
which PCD is induced in cancer cells to reverse tumor
growth.7-9 Because of the role of PCD in numerous diseases,
imaging of this process would be of great value to diagnosis
and guidance of therapy.

One of the most explored molecular imaging targets of
PCD is phosphatidylserine (PS). This aminophospholipid
is translocated from the inner to the outer leaflet of the
cellular membrane in dying cells, triggering phagocytosis.10

Cell surface exposure of PS occurs during most types of
cell death,8 but is not limited to dying cells. For ex-
ample, blood platelets expose PS in an advanced stage of
activation,11,12 providing a physiological surface for blood
coagulation processes. Hence, molecular imaging of PS can
also be of value to diagnosis and management of thrombotic
diseases.
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Annexin A5 (AnxA5) is a well-explored molecular imag-
ing probe to visualize cell surface exposure of PS.13 AnxA5
binds to PS with a Kd in the nM range in the presence of
Ca2+ ions.14 It can be coupled to a variety of reporter
compounds, making it suitable to use in combination with
various imaging modalities including optical,15,16nuclear,17,18

and magnetic resonance imaging (MRI).19,20 In vivo studies
in animals and patients demonstrated that AnxA5 can be used
to noninvasively detect the vulnerability of atherosclerotic
plaques,21,22 size, and location of the infarct region in acute
myocardial infarctions,2 the extent of liver apoptosis,23,24and
the localization of mural thrombi in abdominal aortic
aneurisms.25 In addition, imaging cell death with AnxA5
allows early assessment of the efficacy of anticancer therapy.9

These studies utilized radioactively labeled AnxA5 in
combination with single photon emission computed tomog-
raphy (SPECT) or positron emission tomography (PET).
SPECT and PET imaging do not yield anatomical informa-
tion and have a relatively poor resolution: 8-14 mm for
SPECT and 4-7 mm for PET.17,26 These limitations can be
overcome by MRI using targeted contrast agents. MRI has
a better resolution ((300 µm)26 and provides anatomical
information, enabling a more accurate localization and
characterization of the target site. However, sensitivity of
this imaging modality for contrast agents is still relatively
low.

In this paper a new, AnxA5-functionalized and bimodal
nanoparticle is presented that is suitable for MRI and

Figure 1. Molecular structure of the biotinylated Gd-DTPA (A) and biotinylated Gd-wedge (B) structures with biotin (red) and Gd-DTPA
(blue).

94 Nano Lett., Vol. 7, No. 1, 2007



fluorescence imaging, allowing analysis at the anatomical
as well as subcellular level. The nanoparticle is based on a
quantum dot (QD), which is intensely fluorescent. The
emission wavelength of QDs can be varied by altering the
size of the semiconductor crystal core. Emission spectra of
QDs are very narrow: emission peak width is about 20 nm
at half-maximum. Furthermore, QDs with different emission
wavelengths have the same excitation wavelength. These
properties allow multicolor analysis of samples in a single
procedure.27 A recent publication by Le Gac et al.28 showed
that QDs (Quantum Dot Corporation, now Invitrogen) resist
photobleaching and allow therefore imaging of fast, cellular
processes over a longer period of time as compared to organic
fluorescent dyes.

Long term in vivo effects of QDs are unknown so far.
QDs used in this study are potentially toxic substances
because the semiconductor crystal core contains cadmium
and selenium. Toxicity of QDs depends on multiple factors,
e.g., size, charge, concentration, outer coating bioactivity,
and stability of the QD.29 A recent study reported that mice
tolerated intravenous injection of QDs well up to 133 days
after administration. Neither signs of necrosis at sites of
deposition nor signs of QD breakdown were observed.30 The
QDs used in that study are from the same supplier as the
QDs of the current study.

The present study visualizes QDs by two-photon laser
scanning microscopy (TPLSM). The laser power of TPLSM
required to have sufficient QD fluorescence is considerably
lower as compared to organic fluorescent dyes due to the
high quantum yield of QDs. This limits further potential
photobleaching of the probe and photodamage of the sample.
Furthermore, high-resolution images with low background
fluorescence can be acquired. This is due to several factors:
First, TPLSM excitation occurs only at the focal point
preventing out-of-focus contribution.31,32Second, as indicated
above, the required laser power is low, thereby also reducing
background (auto)fluorescence. Third, because emission
spectra of the QDs are narrow,27 stringent emission filters

Figure 2. Schematic representation of the two nanoparticles. QDs
contain approximately 1 AnxA5 and 10 streptavidin molecules. (A)
Nanoparticle with single biotinylated Gd-DTPA (AnxA5-QD-Gd).
(B) Nanoparticle with the biotinylated Gd-wedge, containing eight
Gd-DTPA complexes each (AnxA5-QD-Gd-wedge). Green: QD;
yellow: streptavidin; red dot: Gd-DTPA; red star: lysine-wedge;
blue: AnxA5.

Figure 3. Cryo transmission electron microscopy image of AnxA5-
QD525-Gd. Bar) 10 nm.

Figure 4. TPLSM images showing cellular AnxA5-QD525 (green)
distribution. All cells were counterstained with PI (red) to determine
membrane leakage, i.e., determine the stage of apoptosis. Top
row: early apoptotic Jurkat cells labeled with (A) AnxA5-QD-Gd
and (B) AnxA5-QD-Gd-wedge. Bottom row: late apoptotic cells
labeled with (C) AnxA5-QD-Gd and (D) AnxA5-QD-Gd-wedge.
Bar ) 10 µm.

Figure 5. TPLSM image of a Jurkat cell, incubated with AnxA5-
QD525-Gd (green), while simultaneously inducing apoptosis by
anti-Fas antibodies. After 5.5 h, cells were washed in EDTA buffer
to remove AnxA5 present on the outside of the cells and
subsequently stained with AnxA5-QD585-Gd (red). Yellow indi-
cates colocalization of QD525 and QD585 (probably caused by
QD525 on the cell exterior that had not completely been removed).
Cells were counterstained with Syto41 (blue), a nucleic acid stain.
Bar ) 10 µm.
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can be applied to reduce background light as much as
possible. Hence, it is possible to image structures hidden
deeper in tissues more accurately with TPLSM without
provoking tissue damage, for example, atherosclerotic plaque
imaging in arteries.31

The first version of the nanoparticle consisted of biotiny-
lated AnxA5 coupled to streptavidin coated QDs in a 1:1
stoichiometry. QDs had emission peaks of either 525 nm
(QD525, green) or 585 nm (QD585, red). AnxA5 contained
a single biotin, located apical to the PS binding sites. The
remaining binding sites of streptavidin were saturated with
biotinylated gadolinium-DTPA,33 an MRI contrast agent (bio-
tinylated Gd-DTPA, Figure 1A; AnxA5-QD-Gd, Figure 2A).

To increase the perceptibility of the nanoparticle in MRI,
it was aimed to increase the load of Gd-DTPA. Therefore, a
biotinylated construct was designed consisting of a lysine
wedge with eight Gd-DTPA complexes attached to the
periphery34 (Gd-wedge, Figure 1B). Addition of this wedge
to the described QDs resulted in the nanoparticle represented
in Figure 2B (AnxA5-QD-Gd-wedge). The complete con-
jugation procedure of the two nanoparticles, along with all
other procedures, is available in the Supporting Information.

Low-temperature transmission electron microscopy (cryo-
TEM, Figure 3) showed that functionalized QDs in suspen-
sion were spherical, monodisperse, and nonaggregated. The
spheric diameter was measured to be 6.7( 1.0 nm (mean
( standard deviation (SD)),n ) 124. AnxA5 and Gd-DTPA
are not visible on the EM image; however, a gap of at least
1 nm between any two adjacent QDs indicates the presence
of molecules on the surface of QDs. These results are similar
to results in literature.35

In MRI, Gd-DTPA accelerates longitudinal relaxation (T1

relaxation), which can be quantified by its longitudinal
relaxivity (r1) expressed in mM-1 s-1. The r1 values of
AnxA5-QD-Gd and AnxA5-QD-Gd-wedge were estimated
based on the r1 per Gd-DTPA complex, which were
subsequently multiplied by the number of Gd-DTPA com-
plexes per nanoparticle. For biotinylated Gd-DTPA coupled
to avidin r1 was 17.5 mM-1 s-1 per Gd-DTPA,33 and for
biotinylated Gd-wedge coupled to avidin, r1 was 15.6 mM-1

s-1 per Gd-DTPA.34 On the basis of information supplied
by the manufacturer (≈ 10 streptavidin molecules per QD),
it can be calculated that AnxA5-QD-Gd and AnxA5-QD-

Gd-wedge have r1 values per nanoparticle of 420-630 mM-1

s-1 and 3000-4500 mM-1 s-1, respectively.
AnxA5-QD-Gd and AnxA5-QD-Gd-wedge nanoparticles

were examined for their property to discriminate between
living and dying cells using TPLSM. Jurkat cells were
triggered to execute apoptosis by activation of Fas receptor
using anti-Fas antibodies. Binding of AnxA5-QD-Gd and
AnxA5-QD-Gd-wedge occurred to early and late apoptotic
cells but not to viable cells (Figure 4), in a manner
comparable to Oregon Green labeled AnxA5 (not shown).36

During early apoptosis, small patches of green fluorescence
were visible on the cellular membrane (Figure 4A,B),
whereas during late apoptosis, the entire cellular membrane
was brightly fluorescent (Figure 4C,D). The late apoptotic
phase is characterized by loss of plasma membrane integrity
and concomitant nuclear uptake of propidium iodide (PI),
showing a red, fragmented nucleus. In addition, AnxA5-
QD-Gd was able to be internalized by Jurkat cells (Figure
5), as was reported for AnxA5.36 A movie, showing az-stack
of a cell, similar to the cell in Figure 5, is also available as
Supporting Information. Internalization of AnxA5-QD-Gd-
wedge by Jurkat cells was not investigated in this study.

Binding of AnxA5-QD-Gd and AnxA5-QD-Gd-wedge to
dying cells depends on cell surface exposure of PS be-
cause QDs functionalized with M1234, a variant of
AnxA5 that does not bind to PS,37 do not show binding to
apoptotic cells (Figure 6). All together, these findings clearly
demonstrate that AnxA5 coupled to a QD retains its full

Figure 6. TPLSM images showing the cellular distributions of QD585 (red) coupled to AnxA5 or a mutant of AnxA5, unable to bind to
PS (M1234), on apoptotic Jurkat cells. All cells were counterstained with Syto41 (blue), a nucleic acid stain. (A) AnxA5-QD-Gd. (B)
AnxA5-QD-Gd-wedge. (C) M1234-QD-Gd-wedge. Bar) 50 µm.

Figure 7. Sections of a single MR image, showing pellets of
apoptotic Jurkat cells incubated with AnxA5-QD-Gd or AnxA5-
QD-Gd-wedge. (A) T1-weighted MR-images of the four cell
samples. (B) Graph showing mean(SD for signal intensities of
the pixels in the regions of interest (ROIs), drawn within the samples
shown in (A). Cells incubated with:1, buffer only (control 1);2,
1.6 µM Gd-wedge only (control 2);3, 40 nM AnxA5-QD-Gd;4,
40 nM AnxA5-QD-Gd-wedge.

96 Nano Lett., Vol. 7, No. 1, 2007



biological property to bind to PS exposed on the surface of
dying cells.

Having established the AnxA5-specific binding properties
of AnxA5-QD-Gd and AnxA5-QD-Gd-wedge by fluores-

cence studies, the functional bimodality of the nanoparticle
had to be confirmed. Apoptotic Jurkat cells were incubated
with buffer (control 1), Gd-wedge (control 2), AnxA5-
QD-Gd, or AnxA5-QD-Gd-wedge and subsequently mea-
sured with MRI (Figure 7). The amount of Gd-wedge in
sample2 (control) was equal to the amount used in sam-
ple 4.

Cells incubated with AnxA5-QD-Gd (Figure 7, sample3)
exhibit a signal intensity that is a factor 5.9 and 6.9 higher
as compared to control 1 and control 2, respectively. Cells
incubated with AnxA5-QD-Gd-wedge (4) exhibit a signal
intensity that is a factor 5.8 higher than3, demonstrating
that AnxA5-QD-Gd-wedge has a much better T1-lowering
effect than AnxA5-QD-Gd, as was expected from the
differences in r1. This results in a higher MRI signal in-
tensity in T1-weighted imaging using the same amount of
nanoparticles.

Cultured cells are simple in vitro systems for testing
molecular imaging agents. Results derived from such systems
hardly give reliable predictions about behavior in the in vivo
situation. Therefore, a more complex system was chosen to
assess the robustness of this nanoparticle as a bimodal
molecular imaging agent. Because activated platelets expose

Figure 8. (A) T1-weighted sections of a single MR image, showing
whole-blood clots, activated with Ca2+, thrombin, and collagen,
and incubated with AnxA5-QD-Gd-wedge enclosed in 2% agarose
gel. (B) graph showing mean(SD for the signal intensities of the
pixels in ROIs, drawn within the samples shown in (A). Clots were
incubated with:1, buffer only (control 1);2, 8 µM Gd-wedge only
(control 2);3, 40 nM AnxA5-QD-Gd-wedge;4, 200 nM AnxA5-
QD-Gd-wedge. Clot3 was slightly damaged, causing the black spot
in the clot. Clot4 was larger probably due to the fact that the higher
concentration of AnxA5 inhibited clot retraction through its
anticoagulant action.

Figure 9. TPLSM images of whole-blood clots incubated with AnxA5 after clot-formation. (A) green: AnxA5-FITC; blue: syto41, a
nucleic acid stain; (B) green: AnxA5-QD525-Gd; red: acridine red, a cytoplasmatic stain. (C) red: AnxA5-QD585-Gd; green: anti-
fibrinogen-FITC. Platelets show a bright cellular membrane, similar to apoptotic cells (compare to Figures 4,5,6). Bar) 50 µm.
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PS, a human whole-blood clot system was chosen. Human
whole blood was incubated with AnxA5-QD-Gd-wedge;
subsequently, PS exposure by platelets was induced to trigger
clot formation. The concentration of nanoparticles within the
clot was expected to be much lower as compared to cell
pellets. Within the clot, only platelets expose PS, and not,
for example, captured erythrocytes. An additional complexity
of this system comes from the fact that AnxA5 competes
with coagulation factors for binding to PS and acts as an
anticoagulant, preventing platelets from being incorporated
into the thrombus.11,38 Hence, MRI signal intensities were
not expected to achieve the levels of Figure 7. Therefore,
following experiments were performed with AnxA5-QD-Gd-
wedge only.

To label as many platelets as possible, whole blood was
incubated with AnxA5-QD-Gd-wedge prior to clot formation.
Coagulation in whole blood, mediated by thrombin genera-
tion and PS exposure on platelets, was triggered by adding
Ca2+ to citrate-anticoagulated whole blood. Additional PS
exposure was triggered by pre-activating the platelets in
whole blood with thrombin and collagen11 to counteract the
anticoagulant effect of AnxA5. Whole blood was incubated
with buffer (control 1), Gd-wedge (control 2), 40 nM, or
200 nM AnxA5-QD-Gd-wedge; subsequently, clot formation
was induced and clots were measured with MRI (Figure 8).
The amount of Gd-wedge in sample2 (control) was equal
to the amount used in sample4.

Signal intensities of the four clots are shown in Figure
8B. Corresponding T1 values for clots 1, 2, 3, and 4 are 734
( 85, 740( 44, 678( 89, and 628( 30 ms (mean( SD),
respectively. The signal intensity of clot4 was approximately
47% and 36% higher than controls1 and 2, respectively.
These results demonstrate that MRI of PS exposure in a more
complex system is feasible using the AnxA5-QD-Gd-wedge
nanoparticle. A recent study showed that, with SPECT
imaging, mural thrombus renewal in abdominal aortic
aneurisms in vivo can be visualized using AnxA5 labeled
with a radionuclide.25 This study proved that thrombus
imaging in vivo is feasible using AnxA5.

Whole-blood clots were also analyzed with TPLSM. For
TPLSM, clots were incubated with AnxA5-QD-Gd-wedge
after clot formation because, in contrast to MRI, a lower
amount of AnxA5-QD-Gd-wedge was sufficient for visual-
ization by TPLSM. These experiments could thus be
performed without interfering with clot formation.

Distribution of AnxA5-QD-Gd-wedge in the whole-blood
clots was similar to the distribution of FITC-labeled AnxA5
(Figure 9A). AnxA5-QD-Gd-wedge specifically labeled
activated platelets (Figure 9B,C), as can be deduced from
the size of the labeled structures, measuring ca. 1-2 µm.
Larger cells incorporated in the clot and easily discernible
with a cytoplasm-specific or nucleic acid-specific dye, were
stained neither with AnxA5-FITC nor AnxA5-QD-Gd-wedge
(Figure 9A,B). Figure 9C shows whole blood that was
preincubated with antifibrinogen-FITC and subsequently
activated to form a clot. Staining the clot with AnxA5-QD-
Gd-wedge reveals that PS exposing platelets are aligned
along the fibrin network within the clot.

To demonstrate the feasibility of this AnxA5-functional-
ized bimodal nanoparticle as a target-specific nanoparticle
for cell death in the vascular wall, a murine carotid artery
was mechanically injured in vivo by endothelial denudation
using a metal wire, as described elsewhere.39 This injury
results in rapid PS exposure by cells of the tunica intima,
media, and adventitia.39 Both damaged and undamaged
carotid arteries were excised and mounted in a perfusion
chamber. A static transmural pressure of 40 mmHg was
applied, and the arteries were labeled intraluminally with
AnxA5-QD-Gd-wedge by slow perfusion. The arteries were
imaged by TPLSM, as described in a recent article.40 Figure
10A shows uptake of AnxA5-QD-Gd-wedge in the endo-
thelial cells (ECs) in the tunica intima and in smooth muscle
cells (SMCs) in the tunica media. Apparently, nanoparticles

Figure 10. (A) TPLSM image of a wire-injured murine carotid
artery, showing the various vascular wall layers. The tunica intima
consists of endothelial cells (ECs); the tunica media mainly consists
of smooth muscle cells (SMCs). Uptake of nanoparticles is visible
in ECs and SMCs. Green: AnxA5-QD-Gd-wedge; red: eosin,
labeling elastin laminae; blue: syto41, labeling cell nuclei. L:
lumen; IEL: internal elastic lamina; EEL: external elastic lamina.
Bar ) 10 µm. The imaging plane was slightly oblique, as opposed
to a longitudinal direction of the artery. (B) transversal MR image
of two murine carotid arteries: undamaged (control, left) and
damaged (right, same artery as shown in (A)). Bar) 0.5 mm.
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are able to penetrate through elastic laminae deep into the
tunica media. It is unclear why the first SMC layer hardly
shows any uptake of the nanoparticle, while the layer of
SMCs between the outer two elastic laminae does show
abundant labeling. Furthermore, no labeled platelets were
visible, as no blood was present at time of labeling. A movie
of a three-dimensional representation of the carotid artery
in Figure 10A is available as Supporting Information. The
undamaged control artery hardly shows any labeling. Next,
the arteries were removed from the perfusion chamber and
embedded in agarose gel for imaging with MRI. The amount
of labeling of the damaged artery is sufficient to increase
the MRI signal intensity compared to the control artery
(Figure 10B). To determine the increase in signal intensity,
three transversal MRI slices of the carotid arteries were
divided into quadrants. In these quadrants, ROIs were drawn
to select the vascular wall. This is because the uptake of
nanoparticle was not homogeneous throughout the vascular
wall, as it was unevenly damaged by the wire. A total of
twelve signal intensities was acquired per artery. The mean
signal intensity increased from 83.2( 3.6 for the control
artery to 91.9( 13.5 for the damaged artery (arbitrary units,
mean( SD) and ranging from 73.5 to 86.9 for the control
artery and 73.4 to 125 for the damaged artery. This indicates
that the increase in signal intensity differs per location in
the vascular wall and ranges from 0 to 50% compared to
the control, undamaged artery.

Reports about QD-labeled AnxA5 have been published
recently. As mentioned before, Le Gac et al.28 investigated
photostability of streptavidin-coated, AnxA5-labeled QDs.
In contrast to the biotinylated AnxA5 used in this study, the
described AnxA5 contained three to four biotins, located at
random sites on the AnxA5 polypeptide. This implies, as
pointed out by the authors, that AnxA5 coupling to QDs may
lead to masking of PS binding sites and aggregation of the
QDs. The current study utilized cys2-AnxA5, which contains
a single biotin attached to theN-terminal tail that is located
opposite to the side of the AnxA5 molecule harboring the
PS binding sites.41 Coupling of cys2-AnxA5 to streptavidin-
coated QDs neither induced aggregation nor caused a loss
of biological activity. In addition, a recent study42 showed
that cells, labeled with AnxA5-QDs, can be imaged using
an in vivo imaging system.

Another study investigated bimodal, paramagnetic micel-
lular QDs that were functionalized with AnxA5.43 Table 1
summarizes the most important characteristics of AnxA5-
functionalized bimodal nanoparticles published in literature.
Two other T1-weighted nanoparticles, loaded with Gd-DTPA,
are compared with the novel nanoparticle described in the
current study. Furthermore, two T2-weighted nanoparticles,
containing iron oxide, are listed. AnxA5-QD-Gd-wedge has
several advantages. First, it is the smallest nanoparticle so
far. This can be advantageous when the imaging target is
outside the vessel lumen, as in, for example, atherosclerotic
plaques or tumors. Furthermore, of the T1-weighted nano-
particles, AnxA5-QD-Gd-wedge is the nanoparticle with the
highest relaxivity relative to the nanoparticle surface area.
AnxA5-QD-Gd-wedge allows visible and near-infrared im-
aging and shows high fluorescence intensities. Additionally,
QDs can be localized by electron microscopy.35 Moreover,
the 1:1 stoichiometry of the AnxA5-QD complex provides
the most optimal configuration for maximizing the amount
of bimodal nanoparticle bound to the PS exposing surface.
Other advantages of AnxA5-QD-Gd-wedge are straightfor-
ward preparation (add and mix) and variability of the
nanoparticle’s biological functionality. By replacing AnxA5
by a different biotinylated targeting function, this nanoparticle
can be used for molecular imaging of different biological
processes.44

The results in this paper demonstrate that the bimodal
AnxA5-QD-Gd-wedge nanoparticle can be used to analyze
biological samples as well as vascular structures with MRI
at the anatomical level and with TPLSM at the cellular level.
AnxA5-QD-Gd-wedge has high potential for in vivo imaging
in the near future.
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Supporting Information Available: All experimental
procedures are described. Also, two movies are available,
one showing az-stack of an apoptotic Jurkat cell with

Table 1. Comparison of Five Different Bimodal AnxA5-Conjugated Nanoparticles. NIRF) Near-Infrared Fluorescence.

nanoparticle
T1 or T2

lowering
size
(nm) r1 r2

stoichiometry
AnxA5:particle optical

AnxA5-QD-Gd-wedgea T1 ∼7 3000-4500 5600-8400 1:1 visible,
(mM-1 particle) s-1 (mM-1 particle) s-1 NIRF

micellar QD-AnxA5b T1 <10 ∼1860 ∼2700 >5:1e visible,
(mM-1 particle) s-1 (mM-1 particle) s-1 NIRF

AnxA5-fluorescein T1 100 ∼164 000 ∼272 000 >5:1e visible
liposomesc (mM-1 particle) s-1 (mM-1 particle) s-1

AnxA5-CLIO-Cy5.5d T2 50 19 48 3.5:1 NIRF
(mM-1 Fe) s-1 (mM-1 Fe) s-1

AnxA5-fluorescein T2 10 13.3 159.6 >5:1e visible
micellar iron oxidec (mM-1 Fe) s-1 (mM-1 Fe) s-1

a This paper.b van Tilborg et al.43 c van Tilborg et al.20 d Schellenberger et al.19 e Personal communication.
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internalized AnxA5-QD-Gd and one showing a three-
dimensional view of the carotid artery in Figure 10A. This
material is available free of charge via the Internet at http://
pubs.acs.org.
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