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Supplementary Figure 1. Overview of high-throughput screening. Cell-based high-

throughput screening of small fluorescent molecules (1153 compounds) prepared by 

using diversity-oriented synthesis. ‘Hits’ were selected based on preferential staining 

for myeloid cells (HL-60, U-937, U-937-DMs) against lymphocytes (MOLT-4) by using 

a high-content analysis of the imaging performance and the intensity histogram. 

 

 

  



Supplementary Figure 2. Synthesis scheme for MFP. (a) 2-methoxy-benzaldehyde, 

pyrrolidine/AcOH, 60 ℃, 6 hrs in acetonitrile. (b) ClAcCl, NaHCO3, 5 min in 

acetonitrile.  
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Supplementary Figure 3. Identification spectra of MFP obtained by using 1H-NMR 

and 13C-NMR: 300-MHz 1H-NMR spectrum (top) and 13C-NMR spectrum (bottom) 

 

 

  



Supplementary Figure 4. Identification LC-MS spectrum of MFP 
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Supplementary Figure 5. Physiochemical properties of MFP. (a) Absorption and 

fluorescence emission spectra of MFP. (b) Physicochemical properties of MFP. 

 

 

  



Supplementary Figure 6. Macrophage differentiation with the U-937 cell line by 

using PMA stimulation. (a-c) Macrophage differentiation marker expression analysis 

during U-937 monocytic cell line differentiation. (a) Flow cytometry dot plot images of 

U-937 and U-937-DMs by using PMA stimulations for the expression of the 

differentiation marker CD68. The scavenger receptor CD68 was upregulated from 

monocyte to macrophage. Note the granularity (SSC) was also increased during 

differentiation. (b) Representative image of CD68+ macrophages differentiated from 

U-937 monocytes. (c) Representative image of CD36+ macrophages differentiated 

from U-937 monocytes. Scale bars represent 100 μm in all images. 



Supplementary Figure 7. Selective macrophage staining with MFP for different 

concentrations and incubation times. MOLT-4, HL-60, U-937, and U-937-DMs were 

incubated with different concentrations (100 – 800 nM) of MFP for different durations 

(a-c: 1 hr, 2 hr, 4 hr, respectively). The fluorescence intensity of the stained cells was 

analyzed using MetaXpress image processing software after taking images with 

ImageXpress MicroTM. MFP consistently showed selective staining with stronger 

intensity for myeloid cells (HL-60, U-937, and U-937-DMs) compared to lymphocytes 

(MOLT-4). 

 

 

  



Supplementary Figure 8. Effect of MFP on cell viability. The cytotoxicity of the MFP 

was determined by using a trypan blue dye exclusion assay. (a) HL-60 was treated 

with DMSO (control, 100%) at the indicated concentrations of MFP for a 2-, 4- or 24-

h time period. (b) U-937 was treated with DMSO (control, 100%) at the indicated 

concentrations of MFP for a 2-, 4- or 24-h time period. (c) MOLT-4, HL-60, and U-

937 were incubated with DMSO (control, 100%) or 1-μM MFP for the indicated time 

periods. (d) MOLT-4, HL-60, and U-937 were incubated with DMSO (control, 100%) 

or 5-μM MFP for the indicated time periods. Data represent mean viability values (%) 

+ s.d. (n=3). 

 

 

 

  



Supplementary Figure 9. Enrichment of T lymphocytes, monocytes and 

granulocytes from human blood. Mononuclear cells and granulocytes were isolated 

by using Ficoll Paque (GE healthcare) density-gradient centrifugation. T lymphocytes 

and monocytes were separated from freshly isolated mononuclear cells by negative 

selection with magnetic beads. Granulocytes were purified by removing red blood 

cells with an ammonium-chloride-based lysing solution. The separated cells for T 

lymphocytes, monocytes, and granulocytes were stained with an APC-Cy7 mouse 

anti-human CD3 antibody, an APC-Cy7 mouse anti-human CD14 antibody, and an 

Alexa Fluor 647 mouse anti-human CD66b antibody, respectively, and were 

analyzed using flow cytometry. The percentages of CD3+ T lymphocytes (a), CD14+ 

monocytes (b), and CD66b+ granulocytes (c) were 93.8%, 84%, and 85.1%, 

respectively, showing high purity. 

 



Supplementary Figure 10. Macrophage differentiation with peripheral blood 

monocytes. Freshly-purified monocytes from human blood were further differentiated 

into macrophages by using macrophage colony-stimulating factor (M-CSF) and were 

characterized with a monocyte marker CD14 and a macrophage differentiation 

marker CD36. (a) The monocyte marker was downregulated from monocyte to 

macrophage whereas (b) the scavenger receptor CD36 was upregulated during 

differentiation. None of markers was expressed in T lymphocytes. The change in the 

morphology was also distinctive, becoming adherent, and increased in both size and 

granularity (differential interference contrast (DIC) images). 

  



Supplementary Figure 11. Characterization of MFP+ cells in inflamed lymph nodes. 

Shown are frozen lymph-node serial sections stained with macrophage specific 

monoclonal antibodies (mAbs) (green) to CD11b and F4/80 with the presence of 

MFP positive cells (red). The axillary nodes in a and b were isolated from the mice 

depicted in the left and the right parts of Figs. 4a and 4b, respectively. Most MFP+ 

cells expressed macrophage markers, including CD11b and F4/80, showing 

selective macrophage targeting of MFP in the subcapsular sinus and medulla. All 

sections were counterstained with Hoechst 33342 (blue). Arrow heads denote co-

expression of selected markers on MFP+ cells. The right three columns in a and b 

show magnified views of the boxed region in each row. Scale bars represent 500 μm 

in the left two columns in a and b and 100 μm in all other columns. 

 

 

 

  



Supplementary Figure 12. Characterization of MFP+ cells in metastatic lymph 

nodes. Shown are serial sectioned images of the ipsilateral and the contralateral 

axillary lymph nodes dissected from the mouse depicted in Fig. 6. The 

immunofluorescence (green) shows granulocytes (Gr-1), macrophages (CD11b, 

F4/80), dendritic cells (CD11c), endothelial cells (LYVE-1) and B lymphocytes (B220). 

MFP+ cells (red) are co-expressed with macrophage markers (CD11b and F4/80) in 

the subcapsular and medullary sinuses. No expression for Gr-1, CD11c, LYVE-1, 

and B220 was found in MFP+ cells, thus demonstrating the selectivity of the probe. 

All sections were counterstained with Hoechst 33342 (blue). Arrow heads denote co-

expression of selected markers on MFP+ cells. The right three columns in a and b 

show magnified views of boxed regions in each row. Scale bars represent 500 μm in 

the left two columns in a and b and 100 μm in all other columns. 

 

 



Supplementary Figure 13. Structural selectivity test with several analogues of MFP. 

Four MFP analogues (MFP analogue 1-4) were synthesized and used for in vitro 

live-cell binding assay. (a-d) Fluorescence live imaging of blood-originating cells after 

incubation with 800 nM of MFP analogues for 1 hr at 37℃. No specific staining 

pattern for myeloid cells was observed. All compound fluorescence images were 

obtained with identical measurement parameters and contrasts. 

 

  



Supplementary Methods 

 

Human blood samples 

Flow cytometric analysis of MFP staining was performed on minimally-

manipulated whole blood samples. Erythrocytes were removed by adding two 

volumes of ammonium-chloride-based lysis buffer to the blood sample used. 

Following incubation for 30 min at 4 ℃, cells were rinsed with PBS three times and 

stained with 50-nM MFP for 1 h at 37 ℃. The three main cell populations – 

lymphocytes, monocytes and granulocytes – were identified based on their sizes and 

cell complexities using forward and side scattered light, and their MFP fluorescences 

were recorded. Flow cytometric measurements were performed using a LSR-

Fortessa cytometer (BD Biosciences), and data were analyzed using FlowJo 

software, version 8.8.4 (Tree Star). 

Imaging experiments were carried out with enriched T lymphocytes, 

granulocytes, monocytes and monocyte-derived macrophages from buffy coats. 

Mononuclear cells and granulocytes were isolated using Ficoll Paque (GE healthcare) 

density-gradient centrifugation. T lymphocytes and monocytes were separated from 

freshly-isolated mononuclear cells using negative magnetic-bead sorting (BD 

Biosciences), both yielding more than 85 % purity (Supplementray Figure 9). 

Freshly-purified monocytes (1-1.5x106/mL) were further differentiated into monocyte-

derived macrophages using RPMI 1640 medium containing 10% whole human 

serum, 1x GlutaMAX, 100-U/ml penicillin, 100-μg/ml streptomycin and 200-U/ml M-

CSF (R&D Systems) for 5 d. Granulocytes were purified using ammonium-chloride-



based lysing solution to remove red blood cells. The prepared cells were incubated 

in the culture medium at 37 ℃ for 1 h in a 5 % CO2 atmosphere in the presence of 

400-nM MFP. Hoechst 33342 was also added for nuclear counterstaining. Following 

incubation, fluorescence images were obtained with an ImageXpress Micro System 

(Molecular Devices). 

 

Intradermal injection of MFP into mice 

Injections with a 1-mL syringe equipped with a 30-gauge needle were 

positioned approximately 2 mm deep into the dermal layer. Optimal injection 

technique includes keeping the needle bevel facing upwards, and the syringe at a 45° 

angle relative to the plane of the tissue. Completely reproducible intradermal 

injections were performed by one researcher after refinement of the technique. 

 

Reagents and materials for synthesis  

Chemical materials and solvents were purchased from Aldrich or Acros 

Organics and were used without further purification. Analytical TLC was carried out 

on a Merck 60 F254 silica gel plate (0.25-mm layer thickness) and was visualized 

under UV light.  Column chromatography was performed on Merck 60 silica gel (60 

- 200 mesh). NMR spectra were recorded on a Bruker Avance 300 NMR 

spectrometer. Chemical shifts and coupling constants were reported as δ in units of 

parts per million (ppm), and the J value was reported in units of Hertz (Hz). The 

mass of the MFP was determined by using a LC-MS system from Agilent 

Technologies with an electrospray ionization source. Spectroscopic measurements 



were performed on a fluorometer and UV/VIS instrument (Synergy 4 of bioteck 

company and SpectraMax M2 plate reader, respectively). The slit width was 1 nm for 

both excitation and emission.  

 

Quantum yield measurements of MFP 

Quantum yield was calculated by measuring the integrated emission area of 

the fluorescent spectrum and comparing the value to the area measured for the 

standard compound excited at MFP’s excitation wavelength. Quantum yield for the 

MFP was then calculated using  

 

Φx = Φst(Ix/Ist)(Ast/Ax)(ηx
2/ηst

2),                                              (1) 

 

where Φst is the reported quantum yield of the standard, I is the integrated emission 

spectrum, A is the absorbance at the excitation wavelength, and η is the refractive 

index of the solvent used. The subscript x denotes the unknown and st denotes the 

standard. Rhodamine B was used as the standard.  

 

Synthesis procedure and characterization of MFP 

Aminophenyl bodipy (17 mg, 50 μmole) and 2-methoxy benzaldehyde (11 mg, 

75 μmole) were dissolved in acetonitrile (10 mL) in a 20-mL vial, and 150 μmole of 

pyrrolidine and acetic acid were added to the reaction mixture. The reaction vial was 

heated to 60℃ by using a heating block reactor for 3 hrs. After the reaction had 

been completed, NaHCO3 saturated solution (100 μL) and chloroacetylchloride (30 

μL) were added to the reaction mixture and stirred for 5 min. The crude compound 



was purified by using column chromatography, and 18 mg of product was obtained: 

1H-NMR (DMSO-d6): δ 9.78 (s, 1H), 6.94 (m, 5H), 6.75 (m, 1H), 6.59 (m, 3H), 6.29 

(m, 2H), 6.22 (t, J=7.51, 1H), 5.61 (m, 2H), 3.47 (s, 2H), 3.07 (s, 3H), 0.78 (s, 3H); 

13C-NMR (DMSO-d6): δ 165.05, 158.23, 157.95, 145.84, 141.23, 139.82, 137.99, 

136.08, 134.37, 131.72, 129.85, 128.72, 128.50, 125.94, 124.04, 121.05, 119.89, 

118.94, 118.87, 116.41, 112.00, 104.54, 55.74, 43.64, 15.13; ESI-MS m/z (M + H), 

calc’d: 506.2, found: 506.2, 528.2 (M + Na+). 

 

Cell viability assay 

The effect of MFP on cell viability in MOLT-4, HL-60, and U-937 cells was 

determined using a trypan blue dye exclusion assay. Cell viability was expressed as 

the percent of each corresponding DMSO control (v/v). Briefly, 1×104 cells in 1 ml of 

complete medium were plated in 12-well plates and allowed to grow overnight. The 

next day, cells were treated with the desired concentrations of MFP, and the plates 

were incubated for the desired time period at 37 ºC. At the end of the incubation, 

cells were collected and centrifuged at 5000 rpm for 5 min. The pellet was re-

suspended in 30 μl of 0.4 % trypan blue solution in PBS, and live (white) and dead 

(blue) cells were counted using a hemacytometer under an inverted microscope.  


