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Abstract

Purpose: This study aimed at demonstrating the in vivo potential of Gd(IIl)-loaded Glucan Particles
(Gd-GPs) as MRI positive agents for labeling and tracking phagocytic cells.

Procedure: GPs were obtained from Saccharomyces cerevisae and loaded with the water-insoluble
complex Gd-DOTAMA(Cy),. The uptake kinetics of Gd-GPs by murine macrophages was studied in
vitro and the internalization mechanism was assessed by competition assays. In vivo performance of Gd-
GPs was tested at 7.05 T on a mouse model of acute liver inflammation.

Results: The minimum number of Gd-GPs-labeled J774.A1 macrophages detected in vitro by MRI was
ca. 300 cells /uL. of agar, which is the lowest number ever reported for cells labeled with a positive T,
agent. Intravenous injection of macrophages labeled with Gd-GPs in a mouse model of liver
inflammation enabled the MRI visualization of the cellular infiltration in the diseased area.

Conclusions: Gd-GPs represent a promising platform for tracking macrophages by MRI as a T,

alternative to the golden standard T,-based iron oxide particles.
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Introduction

Tracking immune cells during the progression of a disease is a crucial aspect for getting an in-depth
view of their role in several diseases as well as for monitoring the therapeutic outcome. This task
requires minimally invasive and sensitive imaging modalities, capable of yielding high-resolution
images. For these reasons, Magnetic Resonance Imaging (MRI) is the technique of choice for the
observation of cell migration in small-size animals. To date, the most consistent cellular labeling
approaches have dealt mostly with iron-oxide nanoparticles (USPIO, SPIO, MPIO) [1-4], but also Gd-
based contrast agents have been considered [5-16]. The success of iron-oxide particles is primarily due
to the higher sensitivity that is exhibited by these agents. However, a drawback of the
superparamagnetic particles can be the negative contrast (based on T, or T, relaxation) they generate,
which can complicate the detection of cell accumulation in organs with an intrinsic low signal (e.g.
lungs). Furthermore, the detection of a negative contrast may be confounded with susceptible blood
vessels- or bleeding-associated artifacts. Therefore, the use of positive contrast T,-agents appears to be a
promising alternative to overcome these problems, although it requires the entrapment of 10"-10°
complexes per cell to achieve a sufficient image contrast [6].

Among the several internalization routes that have been explored aiming at accumulating large
quantities of paramagnetic complexes into cells [17], phagocytosis is one of the most relevant for cells
with innate phagocytic activity as macrophages, dendritic cells, or neutrophils [18-20]. In vivo tracking
of immune cells by MRI is still a hot-topic in the biomedical field. Specific applications deal with the
monitoring of cell recruitment in acute or chronic inflammation sites, as well as the assessment of their
fundamental role/trafficking as a response to exogenous insults.

Herein, we report an innovative methodology that allows a fast internalization of large amounts of Gd
complexes into phagocytic cells, upon using Glucan Particles (GPs) as labeling “Trojan horses”.

GPs are hollow and porous particles obtained from the common baker's yeast Saccharomyces cerevisae
and they are mainly constituted by [-1,3-D-glucan that represents the skeleton of the yeast wall. The
particles can be obtained through a complex chemical procedure that depletes yeasts from mannan,
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proteins and lipids, thereby producing yeast shells that were first named yeast cell wall particles
(YCWPs), and then later glucan particles (GPs) [21]. GPs are almost monodisperse systems with a
pseudo-spherical shape of a few microns [22]. The shell pores are rather large and small water-soluble
molecules cannot be entrapped, unless the pores are sealed with proper gels [23]. However, it has been
envisaged that the particles’ core could act as a microreactor where small molecules (hydrophilic,
amphiphilic or lipophilic) can be aggregated to form larger systems and, subsequently, stably entrapped
G. Ostroff and co-workers elegantly demonstrated the feasibility of entrapping water-soluble bioactive
compounds (DNA, siRNA, proteins, drugs), via a layer-by-layer technique [24-26], or even
nanoparticles [22].

In a recent publication, we have extended the array of chemicals that can be loaded into the particles to
amphiphilic compounds of interest in the field of diagnostic imaging [27]. Briefly, the method consisted
of swelling the particles in an organic solvent (e.g. chloroform) containing the dissolved agent. During
this step, the agent equilibrates between the inner core of the particles and the bulk compartment. Then,
the particles are pelleted and, after the removal of the organic supernatant, they are suspended in water.
The sudden change in solvent polarity promotes the formation of a microemulsion that remains stably
entrapped in the GPs core. A very important feature for imaging purposes is that the water-insoluble
paramagnetic Gd-DOTAMA-(C18),-entrapping GPs(Gd-GPs) exhibited an unprecedented relaxivity per
particle (3.6x10° mM™'s™ at 0.5 T) owing to a very high number of encapsulated paramagnetic centers
(1.6x10"/particle). Therefore, the number of Gd centers conveyed by a single particle is already in the
right order of magnitude to allow the MRI contrast detection in a cell population [6].

The presence of B-1,3-D-glucan moieties exposed on the particles surface confers to GPs the ability to
recognize P-glucan receptors Dectin-1 and complement receptor 3, which are both expressed by

phagocytic cells of the immune system [28-31].



In spite of the enhancement of the labeling efficiency of MRI agents towards macrophages exploiting
Dectin-1 receptors has been recently achieved after coating iron oxide nanoparticles with f3-glucan [32],
no reports of using GPs as carriers of paramagnetic Gd-based agents have yet been published.

On this basis, we report herein the first observations about the use of Gd-GPs as cell labeling agents for

the in vivo tracking of macrophages by MRI.

Materials and Methods

- Preparation of Glucan particles loaded with water-insoluble imaging agents

[3-1,3-D-glucan particles were prepared as described previously [25]. Particles were loaded with Gd-
DOTAMA(CI18), (2 mg/mL, synthesized according to ref. [33]) or rhodamine-DPPE dye (20 pg/mL,
Avanti Polar Inc, Alabaster, AL, USA) according to ref. [27].

- Cell Preparation, uptake experiments and MRI analysis

Mouse macrophages (J774A.1), mouse melanoma (B16-F10) and rat hepatoma (HTC) cell lines were
obtained from the American Type Culture Collection and cultured in the proper complete media. At
80% confluence, cells were detached and seeded in 10 cm culture dishes at a density of about 1x10°
cells. One day after seeding, cells were washed and used for the uptake experiments. Cells were
incubated with Gd-labeled GPs (250 uM of Gd-DOTAM-(C18), in culture medium) or with
Gadoteridol (1 mM in culture medium) (kindly provided by Bracco Imaging SpA), at 37 °C in
complete medium. After the proper incubation time, cells were washed three times with PBS, and then
detached and transferred into glass capillaries that were placed in an agar phantom for MRI
experiments.

- In vitro MRI experiments

MRI-T, and T,-weighted images were performed on a Bruker Avance 300 NMR spectrometer, equipped
with a microimaging probe operating at 7.05 T, and on an Aspect M2™ MRI scanner (Netanya, Israel),
operating at 1 T. The details of the experiments are reported in the Supplementary material.

- Determination of Gd content in cells



The amount of the cell internalized Gd(III) was determined using inductively coupled plasma mass
spectrometry (ICP-MS, Element-2; Thermo-Finnigan, Rodano (MI), Italy) according to the procedure
reported in the Supplementary material and the results are presented in Figure 1.

- Confocal analysis

Cells were seeded in 26 mm coverslips at a density of about 1x10° cells and 24 h after seeding, the
medium was replaced and cells were treated with the proper stimuli. After the incubation with Rho-GPs
(0.5 ng/mL of Rhodamine-phospholipid in culture medium), cells were washed and fixed in 4% para-
formaldehyde containing 2% sucrose. Hoechst dye (Sigma-Aldrich) was added for nuclear staining.
Confocal microscopy analysis was performed using a Leica TCS SPS5 (Leica Microsystems Srl.).

- In vivo MRI studies

Acute liver damage was induced on 8-week-old male C57BL/6 mice by intraperitoneal injection of CCl,
(1 mL/kg, 1:1 diluted in olive oil). Prior to the MRI examination, the animals were anesthetized by
injecting tiletamine/zolazepam (20 mg/kg Zoletil 100, Virbac, Carros, France), and xylazine (5 mg/kg

Rompun, Bayer SpA Milan). Healthy mice injected with labeled cells (1x10° in 200 ul), or mice with

acute liver damage injected with unlabeled cells (1x10° in 200 ul), were used as control groups (n = 3
for each group).

The details of the MRI scans are reported in the Supplementary material.

The mean MRI signal intensity values were calculated in regions of interest (ROIs) drawn on the liver
using T,-weighted images as anatomical reference. Image pixels with signal equal to or greater than 3

times the standard deviation of the pre-contrast image were colored in red.

Results
Labeling macrophages with Gd-GPs
The labeling performance of Gd-GPs was assessed in three distinct cell lines (J774A.1, B16-F10, and

HTC) and compared with the results obtained with Gadoteridol, a commercial, low-molecular weight



T,-MRI agent already used for cell labeling purposes [6,7,34]. The amount of paramagnetic agent
internalized into macrophages, following 16 h of incubation with Gd-labeled [-glucan particles, was
markedly higher (ca. 250-fold) than the corresponding amounts found with Gadoteridol, whereas non-
phagocytic cells did not show a marked difference in the uptake selectivity between the two agents
(Figure 1).

The measurement of the longitudinal water protons relaxation rate (R, = 1/T,) as a function of the
incubation time (Figure Sla and S1b) showed that, besides a superior labeling efficiency, the cellular
uptake of Gd-GPs by macrophages occurred on a much faster time scale (ca. 6 fold).

The in vitro MR imaging performance (in both T,- and T,-weighted experiments) of Gd-GPs-labeled
cells as a function of the incubation time is reported in Figure S2. It is noteworthy that, differently from
T,-weighted images, the T,-based contrast is much higher at 7 T than 1 T.

In both T,- and T,-weighted images, the MRI contrast generated by the internalized GPs was still
observed after 24 hours post labeling (Figure S3), although a slight decrease (especially in T, contrast)
was detected starting from 6 h post labeling.

Confocal fluorescence microscopy was used to obtain more information about the intracellular
trafficking of the particles. After 24 h of incubation with GPs labeled with rhodamine-derivatized
phosphatidylethanolamine, the dispersed staining throughout the cell (Figure 2) suggested that the water
insoluble fluorescent payload was likely intracellularly released from the GPs.

Cell viability of the cultured macrophages after labeling with Gd-GPs was assessed using the
resazurin/resofurin protocol (see Supplementary material). 3-glucan particles had no effect on the cell
viability with up to 1.5 pg/mL of GPs (Figure S4a). Cell proliferation was also assessed by determining
the cell doubling time in the presence or in the absence of the particles using different concentrations of
[-glucan. The cell-division rate in the presence of Gd-GPs was found to be almost unaltered, though at

the highest concentration used (1.5 mg/mL of B-glucan) the duplication rate decreased (Figure S4b).

Internalization pathway



We then aim at assessing whether in addition to Dectinl receptor-mediated endocytosis other
internalization routes could be involved in the macrophage uptake of GPs. Cells were thus pre-incubated
for 2 h with amiloride (inhibitor of macropinocytosis), chloropromazine (inhibitor of clathrin-mediated
endocytosis) or filipin (inhibitor of caveolae-mediated endocytosis), followed by incubation with Rho-
GPs (see the experimental details in the Supplementary material). Amiloride was found to be the most
efficient inhibitor (Figure S5), thereby suggesting that macropinocytosis may play an important role in
the internalization process. This observation was confirmed by confocal microscopy experiments that

clearly showed an extracellular localization of the particles in the presence of amiloride (Figure S6).

Sensitivity of the MRI detection of Gd-GPs-labeled cells

MRI experiments on Gd-GPs-labeled cells, which were incrementally diluted in low gelling agar,
allowed the in vitro determination of a number of MRI-detectable macrophages as low as 300 cells/ul of
agar (Figure 3a). Furthermore, the number of pixels at which the MRI signal was statistically (99 %

level) higher than noise, was superior at 1 Tesla than at 7.05 Tesla (Figure 3b).

In vivo tracking of Gd-GPs-labeled macrophages

The in vivo potential use of Gd-GPs to track macrophages by MRI was assessed on a mouse model of
liver inflammation based on the intraperitoneal injection of CCl, [35].

After the injection of Gd-labeled macrophages, a T,-weighted signal enhancement was observed in a
portion of the liver region, suggesting that the labeled cells successfully reached the inflamed site
(Figure 4). Contrarily, the control healthy mice (as well as the mice injected with Gadoteridol, data not
shown) did not show any significant increase in the MRI signal.

To validate the MRI results, the same experiment was repeated using Rho-GPs-labeled cells. After 5 h
and 24 h post-injection, the liver and spleen were harvested for histo-pathological examination (see the
Supplementary material for details). The fluorescence signal detected in the liver (Figure 5, ¢ and d) and
spleen (Figure 5, g and h) was clearly higher in the CCl,-treated mice. The high fluorescence signal
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generated by the dye induced a silencing of the background fluorescence of the tissue, as can be seen by
comparing the images with the autofluorescence of the healthy liver/spleen (Figure 5, a and e).

The liver sections were also stained with hematoxylin and eosin (H&E) to obtain information on the
liver architecture. In contrast to the preserved architecture observed in the livers of the vehicle-treated
mice (Figure S7a), the liver from the CCl,-treated group showed hepatocytes with a moderate degree of
fatty change as well as foci of hepatocellular necrosis (Figure S7b), especially at the zone 3 level of the
acini. Both pictures were representative images from each experimental group.

Furthermore, the value of alanine transaminase (ALT) in the serum of the CCl,-treated mice was nearly
twice higher than the value present in the control mice (see Supplementary material). Collectively, these

results present three of the main hallmarks of the acute CCl,-induced hepatitis [36].

Discussion

In vivo cell tracking requires imaging modalities with high spatial and temporal resolution and,
therefore, MRI is certainly the candidate of choice. However, such a technique has an intrinsic low
sensitivity for the detection of imaging probes, and this drawback is continuing to stimulate the demand
for improved agents that are able to generate contrast with high efficiency. When the task is to visualize
phagocytic cells, the most straightforward approach is to design nano- or micro-sized agents to exploit
the natural avidity of such cells towards large particles. Undoubtedly, the gold standard for labeling
macrophages for MRI experiments is represented by iron oxide particles. However, the negative
contrast based on T, /T, relaxation may be not applicable to track cells accumulating in low-signal
organs/tissues, and it may additionally lead to false interpretation.

With the purpose of designing innovative positive agents for labeling macrophages, we deemed relevant
the exploration of the potential of paramagnetic Gd(III)-loaded GPs that have been recently
demonstrated to be very efficient MRI agents [27]. The affinity of GPs loaded with a microemulsion
made of the amphiphilic complex Gd-DOTAMA-(C,,), towards murine macrophages (J774A.1) and

other two tumor cell lines (melanoma B16.F10 and hepatoma HTC) was first checked in vitro and
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compared with the performance of Gadoteridol, a clinically approved paramagnetic complex already
investigated as a positive labeling agent.

Despite the absence of opsonins and complement in the incubation medium, the overall labeling
efficiency of Gd-GPs towards macrophages was much higher than Gadoteridol (ca. 250-fold increase in
the steady-state uptake and ca. 6-fold increase in the uptake kinetic). Regardless of the very different
size of the two agents, this observation is justified by the good affinity of GPs towards macrophages.
Such experiments also indicated a certain degree of selectivity of GPs over Gadoteridol towards HTC
cells, whereas almost no uptake was observed for B16-F10 cells. As HTC cells are known to
overexpress several glyco-receptors (glycocalyx, galactoxyl-mannan, scavenger receptors) [37], it is
likely that they can mediate the cell internalization of GPs. Conversely, the null uptake by B16-F10 cells
is in agreement with reports mentioning that non-phagocytic cells are only able to uptake particles with
a size lower than 500 nm [38].

The ability of the labeled cells to generate positive T, contrast was monitored over time at two magnetic
field strengths, 1 T and 7.05 T. The use of two magnetic fields relies upon the observation that Gd-GPs
shows a maximum efficiency of the agent in the range of 0.2-1.5 T [27]. The best T, contrast detection
was obtained in vitro after 18 h of incubation (Figure S1). As the loaded particles can also generate a T,
contrast [39] (though less efficiently than iron oxide particles), the labeled cells can be also visualized in
T,-weighted images. However, as T, contrast increases over the magnetic field, the negative contrast is
much better detected at 7.05 T than at 1 T. Furthermore, as a very short T, can compromise the
detection of T,-based contrast, 1 T seems to be a promising field for performing MRI experiments on
Gd-GPs.

The uptake kinetics for both Gd-GPs and Gadoteridol was monitored measuring the longitudinal
relaxation rate (at 1 T and 7.05 T) of macrophages labeled with the MRI agent at different incubation
times. The results confirmed the higher enhancement observed at both fields after 18 h of incubation.

The uptake of the paramagnetic GPs occurred much faster than Gadoteridol, and the R, measured for the
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former agent, after 2 h of incubation, was only slightly lower than the value measured after 18 h (Figure
S2).

To quantify the sensitivity advantage of labeling macrophages with Gd-GPs, the minimum number of
MRI-detectable labeled cells (with positive contrast) was determined in vitro and further compared with
data reported for Gadoteridol [40]. Figure 3 indicates that 300 cells/ul of agar could be still visible either
at 1 T or at 7.05 T, though with a slight contrast loss at the higher field. This result is very promising
because it is one order of magnitude more sensitive than the results reported for cells (HTC) labeled
with Gadoteridol (5000 cells/pL agar) and slightly lower than the number of Gd complexes internalized
by means of the more biologically invasive electroporation (500 cells/pL of agar). To our knowledge,
Gd-GPs are the most sensitive cell-labeling T,-agents reported so far.

Another relevant property for cellular imaging experiments is represented by the time persistence of the
contrast, as in some cases (e.g. tracking of stem cells) the experiments may last even months. Figure S3
indicates that the contrast generated by macrophages labeled with Gd-GPs is still detectable 24 h post
labeling, although with a slight reduction that was more evident for the positive T,-weighted contrast. In
this specific case, as macrophages are typically monitored for no longer than a couple of days after
injection, the potential of Gd-GPs is still preserved. The intracellular fate of the imaging agent in the
GPs cavity was monitored in J774.A1 cells by confocal fluorescence microscopy upon loading the
particles with a fluorescent rhodamine-based amphiphilic dye. The images shown in Figure 2 indicate
that 24 h post labeling the fluorescence signal of the internalized agent was more diffused, which could
account for the intracellular release of the probe, in spite of the reported stability of GPs at that level
[41]. In addition, the observed decrease of the MRI contrast over time is also likely to arise from the
probe release (Figure S3). The usefulness of this novel MRI strategy herein presented is further
reinforced by its good tolerability at the cell level (Figure S4).

Although the internalization mechanism of GPs in macrophages has been quite thoroughly investigated,
a series of competition imaging experiments were carried out to evaluate whether the particles loaded
with the imaging agents could be internalized with pathways not mediated by opsonization or Dectin-1
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receptors [42] like macropinocytosis, and clathrin- or caveolae-mediated endocytosis. In this respect, the
uptake of Rho-GPs was carried out in the presence of the inhibitors amiloride, chloropromazine, and
filipin. Interestingly, the results reported in Figures S5 and S6 supported the view that macropinocytosis
also contributes to the cellular uptake of the particles. In fact, when co-incubated with amiloride, GPs
were primarily bound to the external side of the cell membranes. This finding parallels other published
observations in which both phagocytosis and macropinocytosis may concur in the engulfment of
particles by macrophages [43-46]. As the Dectin-1-mediated uptake requires an extensive clustering of
the receptors on the cell membrane [42], one may speculate that when the particles exceed the number
of receptors, the macropinocytosis route can contribute to the uptake process.

As an in vivo proof-of-concept, the potential of Gd-GPs for cell tracking MRI studies was tested on a
mouse model of CCl,-induced acute liver inflammation. A recent study from Karlmark and coworkers
has demonstrated that within 48 h after the hepatotoxic injury there was a burst of infiltrating
macrophages [47]. The validity of the model was checked histologically through standard H&E staining
Figure S7 clearly shows the abnormal liver architecture caused by the severe damage induced by the
intraperitoneal injection of CCl4. Furthermore, also the ALT enzymatic activity was significantly
different between healthy and injured mice (the ratio CCL, treated mice/control mice was found equal to
1.8).

The in vivo MR 1imaging experiment consisted of injecting 1 million J774.A1 cells pre-labeled with Gd-
GPs into the tail vein of mice. Then, T,, images at 7.05 T were collected 5 and 24 h post-injection. As
shown in Figure 4, a statistically significant positive contrast enhancement was detected in the liver of
the CCl,-treated mice already after 5 h post-injection (Figure 5, 1 and j). Some enhanced spots were also
detected for the healthy animals injected with Gd-GPs (Figure 5, k and 1). However, such regions
appeared rather spotty and inconsistent with the pathology, which involves a wide region of the organ.
To confirm this interpretation, the liver and spleen of both CCl,-treated and healthy mice injected with
macrophages labeled with Rho-GPs were explanted and subjected to fluorescence microscopy. The
fluorescence detected in the organs of the diseased animals was much higher than the healthy controls,
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thus confirming the higher accumulation of the labeled macrophages in the liver and spleen of the CCl,-
treated mice (Figure 5).

Furthermore, the fluorescence signal detected 24 h post injection (as well as the MR signal) was lower
than the readout at 5 h. This finding could parallel the in vitro observation where the contrast generated
by GPs slowly decreased over time.

Taken together, the results from the in vivo experiment outline the ability of the GPs-labeled
macrophages to migrate to the liver as a response to their recruitment at the inflammation site. As
macrophages play a critical role in all phases of host defense, activation of macrophage functions by f3-
glucans increases immune response. Activation of the macrophages by beta glucans induces several
inflammatory reactions as phagocytosis, migration and secretion of cytokines, prostaglandins, nitric
oxide or reactive oxygen species [48]. It is suggested that the ability of polysaccharides to activate
immune response may also activate T-cell-mediated immunity against malignant cells. Therefore, it is
suggested that beta-glucan acts as an effective immuno-modulator and, although beta-glucan inhibits
macrophage growth rate at high concentrations, it should not interfere with the regular beta-glucan

immuno stimulation [49]

Conclusions

In this work, we demonstrated for the first time that B-glucan microparticles represent a very promising
imaging platform for labeling and tracking phagocytic cells. Their micrometer size allows a fast and
efficient cellular labeling, thereby improving the detection threshold in tracking experiments. The
overall imaging properties of Gd-GPs may be useful to overcome the difficulties often found with iron
oxide labels, especially concerning the in vivo discrimination between labeled cells and the released
imaging reporter. The latter can be released from the injected cells (ex-vivo labeling approach) or it can
circulate in the blood (in vivo labeling approach). As the macrophage recruitment is typically associated
with endothelial damage, both labeled macrophages and the imaging agent itself can be present in the

lesion, thus leading to an overestimation of the macrophage infiltration, which invariantly requires ex-
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vivo validation. The size of GPs prevents their extravasation and the contrast arising from the lesion can
be uniquely attributed to the infiltrate. In this study, our main goal was to demonstrate the performance
of Gd-loaded GPs for the visualization of the macrophage recruitment in a mouse model of acute liver
failure, where the use of negative contrast agents can be severely jeopardized by the intrinsic low MR
signal observed in this organ. Importantly, the imaging performance of Gd-GPs could be further
improved either by increasing the payload of the imaging agent (e.g. adding opsonins and complement
in the incubation medium) or by loading the particles with probes with enhanced MRI performance. In
addition, GPs could be also used as labeling agents of non-phagocytic cells properly transfected to
express Dectin-1 receptors [50].

If imaging cell tracking were to enter in clinical routine, Gd-GPs could find a niche for expressing their
potential. For instance, a possible option could be tracking labeled dendritic cells (phagocytic cells able
to stimulate a T-cell mediated immune response) that have been thoroughly investigated for the

treatment of several diseases including cancer and immunological disorders [51-52].
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Captions to the figures

Figure 1. Cellular internalization of Gadoteridol (Gado) and Gd-loaded GPs (GPs) (at 1 mM and 250
uM of Gadoteridol and Gd-DOTAMA-(C18),, respectively, for 16 h) by macrophages (J774A.1),
hepatocarcinoma (HTC) or melanoma (B16-F10) cells. a) Percentage of uptake of Gd(IIl), b) uptake
selectivity between Gd-GPs and Gadoteridol.

Figure 2. a) Confocal microscopy analysis of J774A.1 cells incubated with Rho-GPs (at 0.5 pg/mL of
Rhodamine-phospholipid) immediately after the incubation and post 24 h. b) Series of confocal
fluorescence pictures taken along the z-axis (z-stack) of J774A.1 cells, 24 h post incubation.

Figure 3. a) T,w image at 7.05 T and 1 T of J774A.1 incubated with Gd-loaded GPs (at 250 uM of Gd-
DOTAMA-(C18),) and diluted with agar; 1 - unlabeled cells, 2 - 300 cells/pL, 3 - 600 cells/uL, 4 - 1250
cells/uL, 5 - 2500 cells/pL, 6 - 5000 cells/pL; b) representation of the statistically significant enhanced
pixels for each cell concentration.

Figure 4. Fat-suppressed T,-weighted MR images (7.05 T) of two representative mice of the animal
group injected with CCl, (top row) and the control group (middle row). Both groups were injected with
1x10° J774A.1 cells labeled with Gd-GPs. Column A: images acquired before injecting the labeled
cells; columns B-D: post 15 min, post 5 and 24 h, respectively. Bottom row reports the images of
column C where the red spots correspond to statistically significant enhanced pixels (see experimental
section). Left: CCl,-treated mouse, right: control mouse.

Figure 5. Fluorescence images of liver and spleen section from healthy and CCl,-treated mice (a -
control liver; b - control liver treated with the labeled cells; ¢ — CCl,-treated mice, 5 h post injection of

the labeled cells; d — CCl,-treated mice, 24 h post injection of the labeled cells; e - control spleen; f -
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control spleen treated with labeled cells; g — CCl,-treated mice, 5 h post injection of 1x10° Rho-GPs-

labeled cells; g — CCl,-treated mice, 24 h post injection of 1x10°cells Rho-GPs-labeled.
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