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Introduction: Liver fibrosis is the wound healing response to a variety of insults which can ultimately progress to cirrhosis (1,2). Assessment of 
inflammation and fibrosis is of outmost importance to determine treatment strategies, assess therapeutic response and evaluate prognosis (3). 
Macrophages play a key role in this pathophysiological process with pro-inflammatory macrophages (M1) involved in fibrogenesis and 
recruitment of inflammatory cells and anti-inflammatory macrophages (M2) involved in fibrosis degradation (4). The aim of our study was to 
assess the feasibility of distinguishing between these macrophage populations at MRI using the degree of phagocytosis as imaging biomarker. 

Material and Method: Cell preparation - RAW 264.7 macrophages (M0 macrophages) were cultured and polarized with lipopolysaccharide 
(LPS) or interleukine-4 (IL-4) resulting in M1 or M2 macrophages. Bimodal Gd/rhodamine liposomes or USPIO were administered with 1 mM 
and 100 μM concentrations for Gd3+and Fe3+ respectively, and macrophage pellets were prepared for MRI. MR acquisition - Acquisitions were 
performed on a Philips Ingenia 3.0T (Philips, Best, The Netherlands) with a 3D spoiled-gradient multiple echo sequence. R2*relaxometry: The 
acquisition parameters were: TR/flip angle, 54 ms/30°; 16 echoes (n × 1.15 ms, n = 1) SENSE (f=2); receiver BW, 347 Hz.pixel-1; 0.6 mm3 
isotropic resolution and 3 signal averages. QSM: The acquisition parameters were: TR/flip angle, 11 ms/12°; 3 echoes (n × 2.52 ms, n = 1,...,3); 
receiver BW, 347 Hz.pixel-1; 0.6 mm3 isotropic resolution and 4 signal averages. Phase and magnitude images were saved. Data processing – 
R2* relaxometry: R2* relaxation rates were calculated from multiple echo images with a non-linear least-square fit on a monoexponential decay 
model. QSM: B0 field inhomogeneity maps were computed after phase unwrapping with a gradient matching approach from which internal and 
local fields were separated using the projection unto dipole field. χ maps were derived from the internal field using a single orientation spatial 
domain regularization. Iron concentration were calculated from χ maps after having determined iron molar susceptibility from phantom 
experiments with known iron concentrations. Confocal microscopy: Cells were cultured on plates and images were acquired after staining with 
anti-CD68-FITC antibody, DAPI and rhodamine for cells, nuclei and liposomes respectively. Intra and extracellular compartments were 
segmented with a k-means approach. Mean fluorescence intensities and fraction of internalized contrast agent were calculated.  
Results: Significant differences between M1 and M2 macrophages were observed in terms of R2* relaxation rates (63.7 vs. 39.1 s-1, p < 0.05) 
(Fig.1), χ (0.0009 vs. -0.012 ppm, p < 0.05) and [Fe3+] (41.4 vs. 34.7 μM, p < 0.05) with USPIO. Similar differences of R2* (181.8 vs. 126.9 s-1, 
p < 0.05) (Fig.2) were observed with liposomes. Similar trends were found in terms of fluorescence intensity (137800 A.U./cell vs. 54600 
A.U./cell, p < 0.05) (Fig.3 and Fig.4). No significant differences were observed between M1 and M2 macrophages liposomes internalization 
fraction (90.6% vs. 92.6%, p > 0.05) (Fig.5) meaning that differences of relaxation rates reflected different levels of uptake. 

Conclusion: We observed that it is feasible to distinguish between M1 and M2 macrophages at MRI according to contrast agent uptake. These 
results suggest that macrophage uptake of contrast agents such as Gd3+ or USPIO at MRI has the potential to become a biomarker of 
inflammation and fibrogenesis. 
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Fig.2: Left figure: QSM images according to macrophage subtypes. Images are displayed 
according to χ values in ppm. Middle figure: Histogram displaying χ values in ppm. Right 
figure: Corresponding [Fe3+] in µM obtained from the ppm calibration curve. M1 macrophages 
display higher χ values and iron concentrations than M2 macrophages. 

Fig.3: Segmented internalized (red) 
and cell-membrane bound (blue) 
fraction of liposomes in M1 
macrophages. Intensity is correlated 
to the liposome concentration. 

Fig.1 R2* relaxation rates according 
to macrophage subtype. M1 
macrophages display higher R2* 
values than M2 or M0 macrophages 
(p < 0.05). 
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Fig.4: Cellular liposome uptake 
expressed in arbitrary unit (A.U.) of 
fluorescence per number of nuclei. 
Significantly higher fluorescence is 
observed in M1 than in M2 and M0 
macrophages 

Fig.5: Percentage of liposomes internalized or 
bound to cell surface. No significant differences 
are observed. 
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