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Abstract

Purpose: This study aimed to track the migration of primary macrophages labeled with near-
infrared (NIR) fluorescent magnetic nanoparticles toward chemically induced acute inflammatory
lesions in mice and to visualize the effect of anti-inflammatory drugs on macrophage migration
using combined fluorescence and magnetic resonance imaging (FLI/MRI).

Procedures: Primary macrophages were labeled with NIR fluorescent magnetic nanoparticles,
and labeled cells were injected into mice intravenously. One day later, inflammation was induced
by subcutaneous injection of 1 % carrageenan (CG) solution to footpads of the right hind leg,
and phosphate-buffered saline (PBS) as control treatment was subcutaneously injected to
footpad of the left hind leg. To evaluate the effect of drug treatment on macrophage migration, a
single dose of dexamethasone (DEX) was intraperitoneally administered to the mice
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immediately after the induction of inflammation and was followed by combined FLI/MRI at
predetermined time points.

Results: No difference in cellular viability or phagocytic activity was observed between the
labeled and parent macrophages. In vivo optical imaging revealed an increase in FLI signals in
CG-injected footpads in a time-dependent manner, but not in PBS-treated footpads. DEX
treatment inhibited the migration of the labeled macrophages to the CG-injected footpads, with
relative decreases in FLI activity. In accordance with FLI, T>*-weighted MR images showed
hypo-intense signals in the CG-injected footpads but not in the PBS-injected footpads. The DEX-
treated mice did not show a dark signal loss zone on MR images in the CG-treated paw.
Conclusions: We successfully tracked the migration of macrophages to inflammatory lesions
using both FLI and MRI with NIR fluorescent magnetic nanoparticles and demonstrated the
inhibitory effects of DEX on macrophage migration to inflammation sites.

Key words: Macrophage migration, Combined fluorescence and magnetic resonance imaging,

Acute inflammation, Near-infrared fluorescent magnetic nanoparticles

Introduction

M acrophages are important immune cells that are

implicated in the onset, progression, and manifesta-
tion of various pathologic processes, such as formation of
malignant tumors and inflammatory diseases [1]. Macro-
phages act as hosts and reservoirs for pathogens and produce
pro-inflammatory or pro-angiogenic mediators [2, 3]. Nu-
merous studies have shown that modulating macrophage
recruitment represents a promising therapeutic strategy for
controlling inflammatory diseases [4, 5].

The detection of inflammatory processes is essential for
managing patients and for the successful treatment of acute
and chronic inflammatory diseases after early diagnosis.
However, there are still many obstacles impeding capitula-
tion of the complex biological processes involved in
inflammatory diseases. Therefore, the need for robust and
quantitative techniques to assess advanced inflammation and
therapeutic interventions in vivo has greatly increased.
Noninvasive in vivo imaging methods have been proposed
to allow better localization, visualization, and quantification
of inflammation-related processes for preclinical and clinical
applications.

Tracking macrophage migration is very important for
better understanding various inflammation-related events
and has been widely investigated using an assortment of
molecular imaging techniques, including optical imaging
[6, 7], nuclear medicine imaging [8, 9], and magnetic
resonance imaging (MRI) [3, 10, 11]. Most of these
reports have used a single modality to visualize the
distribution and migration of macrophages, but there are
drawbacks to using a single imaging modality for tracking
macrophages. Although optical imaging methods, such as
fluorescence (FLI) or bioluminescence imaging, have high
sensitivity with low background, which enables tracking of
the early distribution of infused macrophages, these

methods cannot be used in large animals because of their
depth limitations. MRI has been successfully applied to
visualize the migration of immune cells and provides fast
noninvasive imaging with high spatial resolution. But, it
should require the millimolar amounts of contrast agents
and there exist artifacts because of inaccurate coil
sensitivities. Nuclear medicine imaging can not only
provide high sensitivity without depth limitation but can
also allows pharmacodynamics (PD)/pharmacokinetics
(PK) study due to ability of quantitative analysis. Howev-
er, this imaging modality has low spatial resolution and
concern about radiation safety. Because there are several
limitations associated with using a single imaging modality
to visualize the entire process of macrophage migration
in vivo, a multimodal imaging strategy is required to
overcome these obstacles. Multimodal imaging strategies
with individual imaging tools can be used to visualize
infused macrophages at different, specific, and sequential
phases of the pathological process by exploiting the best
features of each modality.

In this study, we attempted to adopt a near-infrared (NIR)
fluorescent magnetic nanoparticle that may enable visuali-
zation of early distribution as well as subsequent tracking of
macrophages in an inflammation model. Previously, the use
of this multimodal imaging nanoparticle allowed noninva-
sive imaging with both FLI and MRI in a living organism, as
these biocompatible silica-coated magnetic nanoparticles
contain a NIR fluorescence dye within a silica shell and a
magnetic core [12—16]. For this study, we first tracked the
migration of primary macrophages using both FLI and MRI
in living mice with acute inflammation induced by an
injection of carrageen (CG) solution into the footpad.
Second, we further attempted to visualize the impact of
dexamethasone (DEX), a potent steroid hormone with anti-
inflammatory effects, on the migration of macrophages
to inflammatory lesions in mice with CG-induced
inflammation.
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Materials and Methods

Additional information is reported in the supplementary data.

Animals

Specific pathogen-free, 6-week-old, immunocompetent Balb/c mice
were obtained from SLC, Inc. (Shizuoka, Japan). All animal
experimental procedures were conducted in strict accordance with
the appropriate institutional guidelines for animal research. The
protocol was approved by the Committee on the Ethics of Animal
Experiments of the Kyungpook National University (permit
number: KNU 2012-43).

In Vivo Study

The animal experimental procedure is illustrated with a schematic
diagram as shown in Supplementary Fig. 3. Briefly, macrophages
labeled with fluorescent magnetic nanoparticles were injected into
mice via the tail vein, and the mice were divided into two groups on
day 1 after transfer of the labeled cells: the vehicle group and the
DEX-treated group (n=5 mice per group). Before inflammation
induction, baseline activity of FLI was acquired, and then,
phosphate-buffered saline (PBS) and 1 % CG solution (50 ul per
mouse) for induction of inflammation were subcutaneously injected
into the left and right footpads, respectively. To evaluate the
therapeutic effects of DEX treatment, mice received either a single
IP dose of 30 mg/kg DEX or a vehicle control immediately after
CG injection. Combined FLI and MRI were performed to monitor
the migration of labeled macrophages at 3, 6, and 24 h post-
inflammation induction. Mice were sacrificed when all imaging
procedure of combined MRI and FLI was completed (at 24 h post-
inflammation induction). Organs of interest were excised and
followed by ex vivo FLI imaging.

In Vivo MRI

All animals (n=6 mice per group) were anesthetized with 1-1.25 %
(v/v) isoflurane in a 3:7 mixture of O,/N,O during the MRI scan.
T,-W and T,"-W MR images were acquired using a 4.7-T animal
MRI system with a quadrature birdcage RF coil (35 mm inner
diameter) for signal transmission and reception. The following
parameters were used: a turbo RARE pulse sequence (echo time
(TE)/repetition time (TR)=40/3500 ms, matrix size=256%256,
field of view (FOV)=40x30 mm?, slice thickness=1, number of
slices=3, number of averages=4 for T,-W MRI) and a fast low
angle shot (FLASH) pulse sequence (TE/TR=8/190 ms, matrix
$ize=256%256, FOV=40x30 mm?>, slice thickness=1 mm, number
of slices=3, number of averages=4 for T,"-W MRI).

Optical Imaging

Before beginning optical imaging, we tested the best optimal
condition of filter set for NIR675 nanoparticle. Using several filter
set (Ex/Em, 620/710, 640/710, and 660/710) which is compatible
with NIR675 fluorescent dye, raw images were obtained. The
acquired raw data were spectrally unmixed to determine the auto-

fluorescence (from skin and food uptake, etc.) and real signal of
NIR675 from living mouse with spectrum analysis system of
Living Image 4.2 software and IGOR image analysis software.
Filter set of Ex/Em, 660 nm/710 nm, was finally chosen to separate
real signal of NIR675 nanoparticles from tissue auto-fluorescent
signal. All in vivo FLI was obtained with the following settings: Ex/
Em, 660 nm/710 nm; exposure time, 2 s; f/stop, 2; binning, 4; and
field of view, 13.1.

In vivo NIR fluorescent optical imaging was performed at before
(as baseline, before inflammation induction) and 3, 6, and 24 h
post-transfer of labeled cells using the IVIS system (Caliper,
Alameda, CA). After all imaging procedures of combined MRI and
FLI at 24 h post-inflammation induction, the mice were killed and
the major organs were excised, including the heart, lungs, liver,
stomach, spleen, kidneys, intestines, and right and left paws. The
excised organs were then imaged ex vivo. ROIs were drawn over
the areas of interest in each mouse for quantitative analysis.

Histopathological Analysis

Footpads were excised 24 h after inflammation induction and
preserved in 10 % formalin until use. All inflammatory tissues were
embedded in paraffin, sectioned into S5-um-thick sections, and
stained with hematoxylin and eosin.

For deparaffinization, tissue slides were incubated for 20 min at
55 °C and rinsed three times with 1x PBS. Deparaftinized tissue
slides were incubated with 4,6-diamidino-2-phenylindole (DAPI;
Fluka, Buchs, St. Gallen, Switzerland) for 15 min at room
temperature to stain the cell nuclei. These tissue slides were then
washed twice with PBS and mounted using a ProLong Antifade Kit
(Molecular Probes; Invitrogen, Grand Island, NY). Fluorescent
signals of these tissues were captured and analyzed using Leica
TCS SP2 (Leica, Wetzlar, Germany).

Statistical Analysis

In vitro assay such as fluorescence-activated cell sorting (FACS)
analysis, cell counting kit (CCK) assay, cell labeling efficiency
assay, and phagocytic activity assay was performed at least three
times, and the data were represented as the mean+SD of three
independent experiments. Combined MRI and FLI study as well as
PET/CT imaging in vivo was also performed for three times, and
the data are expressed as the mean+SD of three independent
experiments (n=5 mice). Statistical significance was determined
using an unpaired Student’s ¢ test. P values of <0.05 were
considered statistically significant.

Results
In Vitro Characterization of Labeled Macrophage

The phenotype markers of the isolated peritoneal macro-
phages were evaluated by FACS analysis using CDS6,
CD11b, and F4/80 antibodies, which are specific molecules
associated with macrophage maturation. These surface
markers were highly expressed in isolated peritoneal
macrophages (Supplementary Fig. 4). Gene expression of
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CD4, a negative marker, was not detected in the isolated
macrophages. FACS analysis showed that almost 100 % of
cells in the labeled macrophage population exhibited the
NIR675-specific signal (Fig. 1a). In vitro FLI and MR
imaging of the tube phantom containing labeled cells
revealed an increase in FLI activity (Fig. 1b) and dark
signal loss in T,-weighted MRI by increases in cell number

(Fig. 1c).
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Effects of Cell Labeling on Macrophage
Proliferation and Phagocytic Function

There was no significant difference in cellular proliferation
activity between nonlabeled and labeled macrophages
(Fig. 2a). When the macrophages were co-incubated with 7-
aminoactinomycin D (AAD)-positive Escherichia coli at
37 °C, there was no difference in phagocytic activity between
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Fig. 1 NIR fluorescent magnetic nanoparticle labeling of primary macrophages and in vitro FLI/MRI. a Isolated macrophages
were labeled with fluorescent magnetic nanoparticles, and the labeling efficiency was determined using flow cytometry. FACS
analysis showed that 100 % of the macrophage population displayed strong fluorescent signals. b Combined FLI and ¢ MRI of
tube phantoms containing labeled cells. Both fluorescent and negative contrast in T,-weighted MR images increased in a cell

number-dependent manner.
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Fig. 2 The effect of NIR fluorescent magnetic nanoparticles on the cellular function of primary macrophages. a Cell viability of
nonlabeled and nanoparticle-labeled macrophages was determined using a CCK assay 2 days after cell seeding. b
Measurement of the phagocytic activity of unlabeled and nanoparticle-labeled macrophages at 4 and 37 °C. The Y-axis
indicates a relative increase in the percentage of 7-AAD-positive cells. 7-AAD 7-aminoactinomycin D, N.S. not significant.

the two groups (Fig. 2b, 49.6+4.6 and 48.7+4.4 % in
nonlabeled and labeled macrophages, respectively). Complete
inhibition of phagocytic activity was observed at 4 °C in both
types of macrophages (9.543.1 and 10.2+3.2 %, in nonlabeled
and labeled macrophages, respectively).

In Vivo Imaging of CG-Induced Inflammatory
Lesions with 2-Deoxy-2-['*F]fluoro-p-glucose
PET/CT

PET/CT with 2-deoxy-2-['*F]fluoro-p-glucose ['*F]FDG, a
widely used imaging modality to diagnose inflammation in
living subjects, was used to verify formation of inflamma-
tory lesion [17, 18]. Small animal PET/CT imaging with
['*FJFDG demonstrated intense uptake of the radiotracer in
the CG-injected footpads but not in the PBS-injected
footpads (Supplementary Fig. 2a). Focal increased uptake
in inflammatory lesions was evident at 3 h following
inflammation induction, and the signal intensity gradually
increased until 24 h (Fig. 2b, 0.27+0.08, 0.63+0.09, and
0.81+0.16 % ID/g at 3, 6, and 24 h, respectively).
Histological evaluation of the swollen tissue further demon-
strated diffuse infiltration of acute inflammatory cells at 24 h
after inflammation induction (Supplementary Fig. 5, white
arrows indicate neutrophil and macrophage).

Combined FLI and MRI of Macrophage Migration
to Inflammatory Lesions

In vivo FLI revealed the early distribution of the infused
macrophages into the lung within 1 h post-injection of the
labeled macrophages (data not shown), and the localization

of infused macrophages in the lung was observed up to 24 h
after injection (Fig. 3a, mice in vehicle and DEX groups
before inflammation induction).

At 3 h after inflammation induction, strong FLI signals were
first observed in the CG-injected footpads but not in the PBS-
injected footpads (Fig. 3a, upper panel, indicating the vehicle
group). FLI signals of the inflammatory lesions peaked at 6 h,
and there was a decrease in FLI signals at 24 h. The relative
increase in FLI signals in the inflammatory lesions was 63.5
+48.7, 326.0£14.1, and 282.5£62.9 % at 3, 6, and 24 h,
respectively (Fig. 3b). In vivo FLI imaging was performed at
very early times such as 0 and 2 h after inflammation induction,
but signals from migrated macrophage were not detected at
inflammatory lesions during these time points (data not shown).

T»- and T, -weighted MRI scans revealed hypo-intense
signals (indicating infiltration of labeled macrophages) in the
inflammatory lesions at both 6 and 24 h after inflammation
induction (Fig. 3c, upper panel, indicating the vehicle
group). In contrast to FLI, a significant signal change in
the inflammatory lesions on T,- and T, -weighted imaging
was not observed at early time point such as 3 h.

Evaluation of Effects of DEX on Macrophage
Migration to Inflammatory Lesions with
Combined FLI and MRI

DEX treatment resulted in significant inhibition of macrophage
migration to the inflammatory lesions when compared with the
vehicle group as demonstrated by in vivo imaging up to 24 h
(Fig. 3a, bottom panel). The relative increases in FLI signals
from the inflammatory lesions in DEX-treated mice were 14.75
+11.29, 13.0+£26.39, and 183.3£12.8 % at 3, 6, and 24 h,
respectively, which are significantly lower than the values in
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Fig. 3 In vivo tracking of macrophages labeled with NIR fluorescent magnetic nanoparticles using combined FLI and MRI. a
Tracking of primary macrophage migration with FLI and b quantification of the FLI signal. ¢ Coronal T,-weighted and T,*-
weighted MR images depicting primary macrophage migration to the inflamed lesion. FLI was performed with the IVIS system
at the designated times. MRI was performed with a small animal 4.7-T MRI. Strong FLI signals and hypo-intense signals at 1 %
CG-induced inflammation sites are indicated with arrows. The relative increase (%) was expressed based on a comparison
between the FLI signal of the CG-injected footpad and the FLI signal of the vehicle-treated footpad.

the vehicle-treated group (P<0.01, between vehicle and DEX-
treated group). Similar to the findings for in vivo FLI, signal
loss lesions were not detected in T,- and T,*-weighted MR
imaging of DEX-treated mice at 6 h, and a hypo-intense signal
was also not observed in the inflammatory lesions up to 24 h
(Fig. 3c, bottom panel, indicating the 30 mg/kg DEX group).
Footpads were excised to perform both ex vivo FLI imaging
and confocal microscopic imaging at 24 h post-inflammation
induction, which was about 48 h after the transfer of labeled
macrophages. Ex vivo imaging showed strong FLI signals in
the CG-injected footpads in the vehicle-treated mice but not in

DEX-treated mice (Supplementary Fig. 6). Consistent with the
ex vivo FLI findings, confocal microscopic imaging revealed a
focal accumulation of infused macrophages in inflammatory
tissue excised from the vehicle-treated group but not in the
inflammatory tissue excised from the DEX-treated group

(Fig. 4).

Discussion

The diverse molecular and cellular events that occur in
inflammatory disease are not clearly understood; therefore,
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Fig. 4 Confocal microscopy images of the distribution of macrophages labeled with NIR fluorescent magnetic nanoparticles in

inflamed tissue. Red spots indicate labeled macrophages.

further investigation is still needed using in vivo animal
models of various inflammatory diseases. For this reason,
noninvasive imaging methods, which include effective cell-
labeling strategies and highly sensitive imaging techniques,
need to be developed to explain the cellular interactions
generated by inflammatory stimuli in vivo. Particularly, the
development of an appropriate cell-labeling technique that
does not affect cellular function and ensures stable, efficient
labeling is mandatory.

The labeling technique with NIR fluorescent magnetic
nanoparticles has several advantages over other labeling
techniques. A previous report described tracking macro-
phage migration to inflamed lesions in an antigen-induced
arthritis model with NIR fluorochrome-conjugated antibod-
ies [19]. However, the use of cell surface markers for
visualizing macrophages is not an appropriate approach
because macrophages are not homogenous within a cell
population. Recently, tracking macrophage migration to
inflammatory lesions was attempted in mice using a
cutaneous granuloma model with NIR fluorescent dye and
a fluorescence-mediated tomography (FMT) imaging tech-
nique [6]. Although the localization and migration of
macrophages was successfully visualized with FMT, this
method cannot be applied to a large animal model or in
clinical situations because of its depth limitations. Among
various MR imaging agents used for cell tracking, iron oxide
has also been applied to monitor macrophage migration in
experimentally induced soft-tissue infections in mice [11].
Monitoring the early distribution of infused macrophages
has still been a difficult challenge, although macrophage
migration to inflamed lesions has been successfully moni-
tored 1 day following infection induction.

In the current study, we demonstrated the feasibility of
NIR fluorescent magnetic nanoparticles as a multimodal
imaging probe to enable the tracking of macrophage
migration toward acute inflammatory lesions using com-
bined FLI and MRI in living mice. Macrophages are strong
phagocytic cells that engulf all types of small particles and
digest them in their phagosomes [20]. Due to their strong

phagocytic activity, macrophages can be easily labeled with
NIR fluorescent magnetic nanoparticles and can be visual-
ized with FLI and MRI in living mice. In this study, we
demonstrated that NIR fluorescent magnetic nanoparticles
are convenient and safe imaging probes for cell labeling.
Excellent labeling efficiency was achieved by simple
incubation of NIR fluorescent magnetic nanoparticles with
primary macrophages harvested from peritoneal fluid. More
importantly, the cell labeling procedure with NIR fluorescent
magnetic nanoparticles did not affect proliferation or
phagocytic activity of primary macrophages at a concentra-
tion of 0.2 mg/ml NIR fluorescent magnetic nanoparticles,
which is a commonly used concentration for in vivo studies.

We tracked macrophage migration to acute inflammatory
lesions with NIR fluorescent magnetic nanoparticles and
combined imaging with both FLI and MRI. To monitor
macrophage migration to inflammation sites, an acute
inflammation model induced by CG was developed in
immunocompetent mice for this study. CG has frequently
been used to induce experimental inflammation, arthritis,
and chronic pain in animal models [21]. Nuclear medicine
imaging with ['*F]JFDG PET has been commonly used to
demonstrate the inflammation status in living animals [18].
The intense uptake of ['®FJFDG was observed in CG-
injected footpads using animal PET/CT, and subsequent
histological analysis of inflammatory lesions confirmed the
infiltration of acute inflammatory cells as well as
macrophages.

As expected, early distribution of labeled macrophages
was observed in the lung within 1 h after infusion of the
cells (data not shown) and was still detected after 24 h with
FLI. In contrast to the FLI findings, the distribution of
macrophages in the lung was not demonstrable with MR
imaging at 3 and 24 h, which may be attributable to the low
target sensitivity rather than FLI in MR imaging [22, 23].
The sensitivity of FLI (not well characterized, but likely to
be 10 °-10"'% mol/l) is much higher than that of MR
imaging (107371075 mol/l) [24]. After induction of inflam-
mation with the CG solution, migrating macrophages were
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distinctly observed at inflamed sites at 3 h with in vivo FLI.
The activity of FLI in inflammatory lesions increased until
6 h, whereas the decrease in FLI signals occurred at 24 h
after inflammation induction. Similar to in vivo FLI findings,
T,*-weighted MR imaging showed the migration of infused
macrophages in the inflamed footpads at 6 and 24 h, but
early migration of infused macrophages to inflamed lesions
was not visualized at 3 h after inducing inflammation.
However, accurate localization of migrated macrophages
was possible with T,*-weighted MR imaging because the
anatomic resolution of MR imaging is superior to that of
FLIL In this study, we also demonstrated that our established
technique for macrophage tracking with NIR fluorescent
magnetic nanoparticles is feasible to evaluate the therapeutic
efficacy of anti-inflammatory drugs in mice with inflamma-
tory lesions. DEX is a potent anti-inflammatory drug that
has been shown to modulate inflammation occurring at
multiple levels within the immune and inflammatory
systems [25]. In vivo-combined FLI and MRI successfully
revealed the inhibition of macrophage migration to inflamed
lesions in the DEX group within 3—6 h post-inflammation
induction, and the inhibitory effect of DEX was monitored
during follow-up imaging. In contrast, migrated macro-
phages labeled with our nanoparticles were clearly detected
at inflamed footpads in the vehicle group. The results of
in vivo imaging are well-matched with ex vivo FLI of
excised organs as well as confocal fluorescent microscopic
analysis of the excised inflamed tissue.

The potential use of our multimodal nanoparticles as an
imaging probe for cell tracking has been previously
suggested. Park et al. showed that this probe does not affect
cell proliferation, surface markers, or morphological pheno-
types of human cord blood-derived mesenchymal stem cells
(MSCs), and these authors succeeded in revealing the
distribution of infused MSCs in living mice with combined
FLI and MRI [12]. Recently, a group reported that they
successfully monitored the migration of MSCs to
osteochondral defects in mice using an osteochondral repair
model from days 1 to 14 [14]. However, there has been no
previous report on the labeling of primary macrophages with
NIR fluorescent magnetic nanoparticles as an FLI/MRI-
compatible imaging probe. Specifically, no studies have
investigated tracking labeled primary macrophages in living
mice with inflammation while also using combined FLI/
MRI, and further, no studies have monitored the therapeutic
effects of anti-inflammatory drugs by using macrophages
labeled with NIR fluorescent magnetic nanoparticles.

There are a few issues that should be addressed in our
study. First, although our study focused on an animal model
with acute inflammation, it is not clear whether the results of
this study can be further extended to chronic inflammatory
disease. We are trying to expand further our technique with
NIR fluorescent magnetic nanoparticles to various inflam-
mation models, including chronic inflammation, infectious
abscesses, and arthritis. Second, contrary to reporter imaging
techniques, in vivo imaging with NIR fluorescent magnetic

nanoparticles cannot distinguish live or dead cells among
infused cells or reveal the cellular proliferation status, which
is an essential aspect of in vivo imaging for long-term
follow-up study of cell tracking in living organisms. Third,
each imaging method was performed with different imaging
devices, which may have led to some inaccuracies in the
imaging analysis because of difficulties in using the same
position with the different instruments and co-registering
different images. However, to date, there has not been any
imaging device that could be used for combined MRI and
FLI simultaneously. Fourth, inflammatory process was
monitored by ['®FIFDG PET/CT imaging in this study.
The value of FDG activity in inflamed lesion has been
reported to have relationship with inflammatory process,
mainly by the activated macrophage. But recently, it has
been demonstrated that since FDG activity have been
reported to not be as a direct surrogate for inflammation,
there are some limitation of in vivo monitoring method of
inflammatory process [26, 27]. So, during macrophage
tracking study, the employment of inflammation-related
specific imaging marker (such as integrin, MMP, neutrophil
elastase, and cathepsin activity targeted imaging agent) in
combination with ['*FJFDG PET/CT would be helpful to
accurately understand the complicated biological mechanism
of CG-mediated inflammation.

In summary, we successfully monitored primary macro-
phage migration toward inflammatory tissues using both FLI
and MRI with NIR fluorescent magnetic nanoparticles in the
same mouse. We also demonstrated the inhibitory effects of
DEX, a potent anti-inflammatory drug, on macrophage
migration to inflammatory lesions in immunocompetent mice.
Combined FLI and MRI with NIR fluorescent magnetic
nanoparticles is a technique that can be applied in cell
trafficking studies and in the preclinical evaluation of new
candidate compounds with various pharmacodynamic effects.
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