
Supplemental Digital Content 1:  Fluorescence-mediated tomography can detect DiR stained macrophages in the abdominal cavity

Increasing numbers (0 to 107) of double-labeled macrophages were injected into the peritoneal cavity of four anesthetized wild-type mice before fluorescence-mediated tomography was carried out. 
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Fig. 1: Fluorescence-mediated tomography (FMT) detects DiR stained macrophages in the abdominal cavity. Increasing numbers of 1,1'-dioctadecyl-3,3,3',3'-tetramethylindotricarbocyanine iodide (DiR) labeled cells were injected intraperitoneally. Fluorescence-mediated tomography scans were performed after each injection to determine whether fluorescence-mediated tomography detects sparse infiltrates of cells distributed across the abdominal cavity. (A) Sequential coronal images of the abdominal region were collected throughout the 3-dimensional region of interest during each scan as an image stack. The display of fluorophore concentration is depicted as a heat map (scale: 0-28 nM). (B) Mice injected with DiR-macrophages were clearly distinguishable from control mice. (C) An almost linear relationship between numbers of injected cells and the measured mean fluorescence intensity (MFI) was detected starting from 500.000 injected macrophages. Linear regression revealed R = 0.91 and R2 = 0.82 (n = 4, p < 0.001).

This study allowed to assess the lower detection limit of the in vivo imaging technique (fluorescence-mediated tomography, VisEn Medical, Inc., Woburn, MA) for cells in the abdominal cavity. Mice were fed normal chow (Altromin, Lage, Germany). No diet dependent fluorescence-mediated tomography-signal alteration was detected, as baseline fluorescence signature did not differ between fasting and nonfasting animals.
Fluorescence-mediated tomography compensates for the nonlinear decrease of excitation photons reaching the target and emission photons reaching the detector, a phenomenon observed with increasing depth of the fluorescent object.

Cubic regions of interest were placed in the center of the abdomen excluding liver and spleen. 1,1'-dioctadecyl-3,3,3',3'-tetramethylindotricarbocyanine iodide (DiR) was detected with a high-power laser diode and appropriate band pass filters (750 nm for excitation and 780 nm for emission). Emitted light was detected with a thermoelectrically-cooled charge-coupled device camera. Tomographic reconstruction is based on the normalized Born approximation. The instrument is calibrated on each channel using euthanized mice with surgical implants of known fluorochrome concentration.
We sought to test whether double-labeled macrophages can be tomographically detected in the abdomen. Intraperitoneal injection of increasing numbers of double- labeled macrophages revealed that sparse cell infiltrates can be tomographically detected in a living small animal. After injection of 5 x 105 macrophages we found the fluorescent signature to be clearly distinguishable from control mice (fig. 1A and B). Mean fluorescence intensity increased with higher numbers of injected macrophages reaching 29.5 ± 4.1 nM at 107 cells. Linear regression analysis showed a regression coefficient of R = 0.91 and R2 = 0.82 (n = 4, p < 0.001) between the number of injected macrophages and mean fluorescence intensity inside the region of interest (fig. 1C).

Flow cytometry confirms fluorescence-mediated tomography measured cell recruitment
Thioglycollate induced peritoneal recruitment of neutrophils (4.5 ± 0.3 x 106 vs. 2.2 ± 0.1 x 106 cells/lavage, 4 h thioglycollate vs. control, n = 6, p < 0.01) and macrophages (11.3 ± 1.3 x 106 vs. 3.7 ± 0.5 x 106,  cells/lavage, 3 days thioglycollate vs. control, n = 7, p < 0.01). Flow cytometry demonstrated the recruitment of exogenous double-labeled macrophages into the peritoneum. Compared to controls significantly more cells were found after 72 h in the peritoneal fluid of mice with peritonitis (1.08 x 104 ± 2.05 x 103 vs. 2.45 x 103 ± 6.25 x 102; enhanced green-fluorescent-protein (eGFP) positive cells/lavage; peritonitis vs. control; n = 7/9; p < 0.01). At day 3 double-labeled macrophages recruited to the peritoneum were still viable as assessed in flow cytometric analysis by propidium iodide staining (97.9 ± 0.71%, n = 16).
Biodistribution

Two-dimensional fluorescence reflectance imaging - by virtue of its integrated signal collection - allows quantitative assessment of fluorescence in explanted organs and thereby post mortem validation of three-dimensional tomography data. Isolated organs (lungs, liver, spleen, kidney, bone, and heart) were collected from five mice 4 and 72 h after IV injection of 107 double-labeled macrophages in 300 µl hanks buffered salt solution and subjected to two-dimensional fluorescence reflectance imaging to study biodistribution of exogenous indicator macrophages (In-Vivo FX Imaging System; Kodak Molecular Imaging Systems, New Haven; CT). DiR was excited at 720 nm and emission (790 nm) was captured with a 4-million pixel cooled 
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Fig. 2: Macrophages home to the lung and redistribute during the following 72 h. 

Biodistribution and recirculation of exogenous indicator cells were studied in mice that received 107 double-labeled enhanced green-fluorescent-protein (eGFP) and 1,1'-dioctadecyl-3,3,3',3'-tetramethylindotricarbocyanine iodide (DiR) postive macrophages IV. (A) Bright field: Lung, liver, spleen, left femur, heart, and left kidney were collected and analyzed by two dimensional-fluorescence-reflectance-imaging. Fluorescence-reflectance-imaging signature: Isolated organs were imaged 4 h (B) after injection of macrophages and at day 3 (C) to quantify differences between initial distribution of eGFP/DiR macrophages and changes following recirculation. (D) The lung-associated fluorescence signal decreased while the signal in liver, spleen and femur increased simultaneously (%- change of contribution to the cumulative fluorescence signal intensity of the individual organ, %, n = 5, * p < 0.05). (E) Flow cytometry demonstrated that exogenous macrophages recirculate in the blood through day 3 (n = 4). Hence the macrophage content of the organs under investigation changed over time and paralleled recirculation. (F-M) Exemplifying hematoxylin and eosin stainings and fluorescence microscopy demonstrating that the eGFP (green) /DiR (red) macrophages associated signal rather than free DiR dye is the principal source of the detected near infrared-fluorescence signal: (F,G) lung, (H,I) liver, (J,K) spleen, and (L,M) kidney tissue. None of the fluorophores was transferred to other cells (nuclei in blue). Bars indicate 100 µm.
charge coupled device camera equipped with a 10x zoom lens. Average acquisition time was 5 s per image. Organs were imaged 4 h after macrophage injection but prior to induction of peritonitis to assess initial distribution of injected macrophages. Seven-two hours after induction of peritonitis fluorescence reflectance imaging analyses were repeated to quantify changes in macrophage distribution during the course of recirculation of injected cells. Mean photon count (= fluorescence intensity) was registered in the centre of each organ.
Four hours post-IV injection of double-labeled macrophages (before induction of peritonitis) the majority of cells had homed to the lungs. 2-dimensional-near infrared fluorescence analyses in explanted organs revealed a strong signal in the lungs as well as in liver and spleen (fig. 2A and B). Follow-up near infrared fluorescence-scans of organs harvested 72 h postmacrophage injection demonstrated redistribution of DiR-labeled eGFP-transgenic macrophages (fig. 2C). The lung-associated fluorescence signal decreased while the signal in liver, spleen and femur increased simultaneously (fig. 2D). There was no change of signal detected in cardiac and renal tissues. 
Flow cytometry (PAS III, Partec, Muenster, Germany) was used to quantify circulating macrophages by their eGFP label in the peripheral blood of 16 mice and to detect eGFP-positive macrophages recruited into the abdominal cavity. Citrated blood was collected from the retrobulbar plexus 4, 24, 48, and 72 hours after IV injection of double-labeled macrophages. Lysed whole blood (IOTest 3 Lysing Solution, Immunotech S.A., Marseille, France) was analyzed for eGFP-positive cells. After follow-up fluorescence-mediated topographies mice were sacrificed and the peritoneal cavities were lavaged to verify thioglycollate induced neutrophil and macrophage recruitment by direct counting in a Neubauer chamber. On day 3 after thioglycollate injection peritoneal lavages were examined by flow cytometrie for eGFP-positive cells to confirm recruitment of exogenous indicator cells. Propidium iodide was used to assess viability.

Using flow cytometry we found a peak in circulating exogenous eGFP-transgenic macrophages in the blood 4 h after macrophage injection (fig. 2E). While numbers of circulating macrophages had decreased by day 1, a detectable eGFP-transgenic macrophage population remained circulating in the vascular compartment throughout day 3 (fig. 2E). 
Lung, liver, spleen, and kidney tissue was embedded in Optimal Cutting Temperature-compound and stored at -80°C until use. 4′,6-Diamidin-2-phenylindol-stained 7 µm cryosections were used to verify cellular DiR/eGFP colocalization on a fluorescence microscope equipped with a near infrared fluorescence emission filter (AHF Analysetechnik, Tübingen, Germany). Adjacent sections were stained for hematoxylin and eosin.

To prove that fluorescence-mediated tomography- and near infrared fluorescence-detected DiR-signals were cell-associated, lung, liver, spleen and kidney (fig. 2F-L) were screened using near-infrared fluorescence microscopy to verify recruitment of intact cells carrying the double label (fig. 2G-M).
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