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Summary.  Nanoparticles are increasingly being used to label cells for MRI imaging and tracking, for in vivo 
quantification, and as drug delivery vectors. Unfortunately, normal cellular uptake mechanisms are inadequate 
to load cells with nanoparticles at sufficient levels to be effective. We have prepared a non-transfection-based 
cell labeling iron-oxide nanoparticle conjugated with the fluorescent molecule Rose Bengal. This novel material 
allows for MRI imaging of labeled cells and introduces the ability to kill the labeled cells on demand. Labeled 
cells can be selectively terminated upon exposure to a specific wavelength of light, yet remain viable under 
normal conditions. When exposed to light, cells die by apoptosis or necrosis depending upon the time and 
intensity of exposure. Molday ION Rose Bengal is easily and rapidly (2-16 hours) taken up by a variety of 
cells. Labeling is uniform and efficient (5-30% of the label is incorporated into cells). Labeled cells exhibit no 
signs of toxicity until exposed to the proper wavelength of light. The nanoparticles concentrate inside 
endosomes and are not found in the endoplasmic reticulum, golgi apparatus, nucleus, or any other cellular 
organelle. The nanoparticles are sterile and ready to use. Cell labeling is simple, chemically safe, and typically 
requires no more than one hour of laboratory contact time. 
 
Introduction. 
 MION and MION-like superparamagnetic iron oxide nanoparticles have been extraordinarily useful in a 
broad range of applications including: immunoassays [1,2], detection and separation of cells, viruses, hormones, 
oligonucleotides, DNA and proteins [3-8], cell tagging, tracking, and imaging [9], targeted drug delivery [10]; 
gene delivery and therapy [11]; targeted hyperthermic treatment of cancer tissue [12], detoxification of 
biological fluids [13], and as a human MRI contrast agent for detection of liver tumors [14]. MRI provides 
valuable real time cell tracking information in regenerative medicine [15-17]. Recent interest, accordingly, has 
focused on developing ex vivo cell labeling methods using MION and other ultrasmall superparamagnetic iron 
oxide nanoparticle contrast agents (USPIO) for analytic uses in development of cell therapy technology. 
 There have been numerous issues surrounding ex vivo cell labeling using nanoparticles [18]. Ideally, one 
wants a material that will be rapidly and completely taken up by the target cells in culture. Unfortunately 
dextran-coated nanoparticles such as MION are not readily transported into the cell by normal nonspecific cell 
uptake mechanisms. Typically, less than 1% of MION is internalized by cellular endocytosis [19-21]. This low 
level of incorporation of the MRI contrast agent MION stresses the already low sensitivity of MRI technology. 
Accordingly, researchers have conjugated a variety of agents to nanoparticles including MION to increase the 
percentage uptake of nanoparticles. These agents have not proven to have widespread applicability either due to 
the difficulty of preparing such conjugated nanoparticles or the difficulty of obtaining the targeting moieties 
[22]. Nevertheless, researchers have pursued a number of avenues to improve the ability of nanoparticles to 
label cells [23,24]. 
 This application note presents a simple method for labeling cells using Molday ION Rose Bengal, CL-
50Q02-6A-53, a MION-like iron oxide nanoparticle that labels cells with high efficiency thereby presenting a 
general solution to cell labeling with MRI contrast agents.Molday ION Rose Bengal is a superparamagnetic 
iron oxide nanoparticle covalently conjugated with the fluorescent dye Rose Bengal and is designed to label 
cells.  

Rose Bengal is a photodynamic therapy agent in clinical trials for cancer treatment. When illuminated at 
540nm Rose Bengal emits at 550-600nm and generates an oxygen singlet, a reactive oxygen species (ROS) that 
cause cell damage and induce apoptosis or necrosis depending on the intensity and duration of light exposure.  



Molday ION Rose Bengal labels cells without the need for transfection agents and accumulates in 
cellular vesicles. Labeled cells remain viable until photoactivation. Molday ION Rose Bengal can be used for 
MRI cell tracking and induced apoptosis studies. 
 
Materials and Methods. 
CL-50Q02-6A-53 Molday ION Rose Bengal [2mg Fe/ml]   BioPAL 
CL-01-50 Prussian Blue Reagent Pack    BioPAL 
CL-01-52 25% Glutaraldehyde     BioPAL 
CL-01-53 40% Formalin      BioPAL 
CL-01-51 PBS++       BioPAL 
Dulbecos Modified Eagles Medium (DMEM)   HyClone 
Bovine Calf Serum (BCS)      Gibco  
Antibiotic-Antimycotic Solution (AAS)    Calbiochem 
24-well plate, cell culture treated     Corning 
 
Cell Labeling 
 (1) Serum free labeling of cells. Cells were grown to 70% confluence in DMEM with 10% BCS and 1X 
AAS in a 24-well plate at 37°C and 5% CO2. The medium was aspirated and replaced with 37°C serum-free 
DMEM media, supplemented with CL-50Q02-6A-53 at a concentration of 25ug Fe/ml. The cells were 
incubated 18 hours. The solution was aspirated after incubation. The cells were washed with Phosphate 
Buffered Saline (PBS) supplemented with Calcium and Magnesium and covered with complete media. The 
cells were visualized while living or fixed (2% formalin 2.5% glutaraldehyde) using an inverted fluorescent 
microscope (Nikon TE-2000). 
 (2) In an alternative procedure cells were labeled in media supplemented with serum. Cells were plated 
in a 24-well plate (1x105 cells/well) in 0.5 ml DMEM containing 10% bovine calf serum (GIBCO) and 
incubated (humidified) at 37°C, 5% CO2. After allowing the cells to adhere overnight, CL-50Q02-6A-53 was 
added to the medium for 16 hours. The media was aspirated after incubation. The cells were washed with 
Phosphate Buffered Saline (PBS) supplemented with Calcium and Magnesium and covered with complete 
media. The cells were visualized while living (or fixed [2% formalin 2.5% glutaraldehyde]) using an inverted 
fluorescent microscope (Nikon TE-2000). 
 
Instrumental 
 Colloids were sized by photon correlation spectroscopy using a 90 Plus particle size analyzer 
(Brookhaven Instruments Corp.). Zeta potential measurements were determined using a 90 Plus particle size 
analyzer (Brookhaven Instruments Corp.) 
 
Microscopy 

Microscopy, phase contrast and fluorescence, was performed using a Nikon TE-2000S instrument with a 
20X Plan Fluor objective. A “dsRED” filter set was used for photoactivation and imaging of the Rose Bengal 
fluorescence. For the short pulse exposure of light, the light source was shuttered to 500ms; for long exposure 
10 seconds, the shutter was left open until the all flurophore bleached. Images were captured using a 
Diagnostics Instruments 18.2 Color Mosaic CCD camera.  
 
Results and Discussion. 

Synthesis, chemical and physical properties. Molday ION Rose Bengal (CL-50Q02-6A-53) is a 
homogeneous, fluorescent iron oxide-based superparamagnetic (USPIO) contrast reagent designed to label cells 
efficiently and simply. CL-50Q02-6A-53 can be visualized by both MRI and fluorescence. It is prepared from 
CL-50Q02-6A by reaction with N-hydroxysuccinimide ester of Rose Bengal. Rose Bengal is a fluorescent dye 
with an excitation and emission wavelength of 540 and 550-600nm, respectively. CL-50Q02-6A-53 has an 
effective diameter of 35nm and a zeta potential of 31mV similar to CL-50Q02-6A-50. 

 
 How Rose Bengal’s Photodynamic Action Works.  Rose Bengal is a photodynamic therapy agent 
in clinical trials for cancer treatment (clinical trials.gov). When illuminated at 540nm Rose Bengal emits 



at 550-600nm and generates an oxygen singlet, a reactive oxygen species (ROS) that causes cell damage 
and induces apoptosis or necrosis depending on the intensity and duration of light exposure.  
 

Dose response of cell labeling. NIH-3T3 cells exhibit a direct relationship between the concentration of 
CL-50Q02-6A-53 and cell uptake. The cells showed no signs of growth inhibition or toxicity from exposure to 
the reagent. 

 
 Cellular location of CL-50Q02-6A-53.  Molday ION Rose Bengal isolates to endosomes, does not 
localize to the nucleus, mitochondria, endoplasmic reticulum, Golgi apparatus, or any other cellular organelle, 
nor is it found on the surface of cells post labeling. 
 
 Retention of CL-50Q02-6A-53 within NIH-3T3 cells.  Retention of Molday ION Rose Bengal in labeled 
NIH-3T3 cells is similar to that described for Molday ION Rhodamine B [see Application Note 3]. 
 

Viability of NIH-3T3 cells labeled with Molday ION Rose Bengal.  Viability of NIH 3T3 cells labeled 
with Molday ION Rose Bengal when not exposed to light is similar to that described for Molday ION 
Rhodamine B [see Application Note 3]. 

 
Effect of light exposure upon cell death pathway.  Photo-treatment of Molday ION Rose Bengal-labeled 

NIH-3T3 cells used a collimated and focused activating light source as a small circle thereby minimizing 
activation outside the field of view. The exposure time was either 500mseconds or 10seconds. With these 
exposure times cell death occurred exclusively within the exposed diameter and followed a morphology 
consistent with apoptosis (Figure 1) or necrosis (Figure 2) for the short and long exposures, respectively.  

Figure 1C shows cells one hour after a 500 msecond light exposure. The rounding of the cells is 
suggestive of apoptosis. Figure 1E shows a selected and magnified field taken from Figure 1D. The rounded 
detached cells show the typical spheroid shape with associated blebbing lamellipodium consistent with 
apoptotic cell morphology. Inspection of Figure 1D illustrates the selective apoptosis of only cells exposed to 
the light source. Cells outside the area of light exposure remain viable.  

Figure 2C shows Molday ION Rose Bengal labeled cells one hour after a 10 second light exposure 
resulting in the complete photo-bleaching of the Rose Bengal. Cells that were exposed to the center of the beam 
of light are necrotic while cells on the edges exposed to indirect light show a morphology consistent with 
apoptosis. Figures 2D and 2E show a cropped and magnified view of cells before exposure and one hour after a 
10 second light exposure. The fields of view are taken from the center of images Figure 2A and 2C, 
respectively. Figure 2D shows living cells prior to the light exposure. Figure 2E shows necrosis as evidenced 
from the nuclear membrane detaching from the cell body. This is seen as a dark spherical nucleus with a phase 
light ring around the detached nucleus. The lamellipodium can also be seen to be detached, shriveled and 
blebbed. 

The two modes of cell death correlate to length of light exposure and intensity of light. A short pulse of 
light generates ROS at sufficient levels to trigger the apoptosis signaling cascade. However, with a long 
exposure, the higher ROS generation, causes widespread cellular damage, completely destroying all cellular 
mechanisms. 
 



Figure 1: Induced apoptosis of NIH-3T3 cells labeled with Molday ION Rose Bengal following pulsed light 
exposure.  The montage below Panels A-C shows paired phase contrast and fluorescence images of NIH-3T3 
cells labeled with Molday ION Rose Bengal. Panel A. 200X phase contrast image before photo-activation, 
Panel B. 200X fluorescence image at time of pulsed light exposure (500msecond exposure). The image is 
pseudo-colored to show fluorescent intensity. Panel C. 200X phase contrast image 1 hr after photo-activation. 
Panel D. 100X phase contrast of the same field of view as seen in Panels C to include a larger field of view. The 
red square indicates magnified view shown in Panel E. Panel E. Magnified phase contrast, cropped image from 
Panel D showing details of apoptotic cells. 
 

 
 

 
 
Figure 2: Induced necrosis following long light exposure of Molday ION Rose Bengal.  The montage below 
shows paired phase contrast and fluorescence images of NIH-3T3 cells labeled with Molday ION Rose Bengal. 
Panel A. 200X phase contrast before photo-activation, Panel B. 200X fluorescence at time of activation (10 
second exposure). The image is pseudo-colored to show fluorescent intensity. Panel C. 200X phase contrast 1 hr 
after photo-activation. Panel D. Magnified image taken from center of Panel A showing cells before exposure to 
light. Panel E. Magnified image taken from the center of Panel C one hour after exposure to light. 
 

 
 

 



References 
1. Druet, E., Mahieu, P., Foidart, J. M., and Druet, P. [1982] Magnetic solid-phase enzyme 
immunoassay for the detection of anti-glomerular basement membrane antibodies. J Immunol 
Methods 48, 149-157. 
2. Guesdon, J. L., Thiery, R., and Avrameas, S. [1978] Magnetic enzyme immunoassay for 
measuring human IgE. J Allergy Clin Immunol 61, 23-27. 
3. Gu, H., Ho, P. L., Tsang, K. W., Yu, C. W., and Xu, B. [2003] Using biofunctional magnetic 
nanoparticles to capture gram-negative bacteria at an ultra-low concentration. Chem Commun 
[Camb], 1966-1967. 
4. Pazzagli, M., Kohen, F., Sufi, S., Masironi, B., and Cekan, S. Z. [1988] Immunometric assay 
for lutropin [hLH] based on the use of universal reagents for enzymatic labeling and magnetic 
separation and monitored by enhanced chemiluminescence. J Immunol Methods 114, 61-68. 
5. Vonk, G. P., and Schram, J. L. [1991] Dual-enzyme cascade-magnetic separation 
immunoassay for respiratory syncytial virus. J Immunol Methods 137, 133-139. 
6. Josephson, L., Perez, J., and Weissleder, R. [2001] Magnetic nanosensors for the detection of 
oligonucleotide sequences. Angew. Chem., Int. Ed.. 40, 3204-3206. 
7. Patolsky, F., Weizmann, Y., Katz, E., and Willner, I. [2003] Magnetically amplified DNA 
assays [MADA]: Sensing of viral DNA and single-base mismatches by using nucleic acid 
modified magnetic particles. Angew. Chem,. Int. Ed. 42, 2373-2376. 
8. Nam, J. M., Thaxton, C. S., and Mirkin, C. A. [2003] Nanoparticle-based bio-bar codes 
for the ultrasensitive detection of proteins. Science 301, 1884-1886. 
9. Lewin, M., Carlesso, N., Tung, C. H., Tang, X. W., Cory, D., Scadden, D. T., and Weissleder, 
R. [2000] Tat peptide-derivatized magnetic nanoparticles allow in vivo tracking and recovery of 
progenitor cells. Nat Biotechnol 18, 410-414. 
10. Hafeli, U. O. [2004] Magnetically modulated therapeutic systems. Int J Pharm 277, 11. 
Xiang, J. J., Tang, J. Q., Zhu, S. G., Nie, X. M., Lu, H. B., Shen, S. R., Li, X. L., Tang, K., Zhou, 
M., and Li, G. Y. [2003] IONP-PLL: a novel non-viral vector for efficient gene delivery. J Gene 
Med 5, 803-817. 
12. Jordan, A., Scholz, R., Maier-Hauff, K., Johannsen, M., Wust, P., Nadobny, J., Schirra, H., 
Schmidt, H., Deger, S., Loening, S., Lanksch, W., and Felix, R. [2001] Presentation of a new 
magnetic field therapy system for the treatment of human solid tumors with magnetic fluid 
hyperthermia. J. Magn. Magn. Mater. 225, 118-126. 
13. Gupta, A. K., and Gupta, M. [2005] Synthesis and surface engineering of iron oxide 
nanoparticles for biomedical applications. Biomaterials 26, 3995-4021. 
14. Marchal, G., Van Hecke, P., Demaerel, P., Decrop, E., Kennis, C., Baert, A. L., and van der 
Schueren, E. [1989] Detection of liver metastases with superparamagnetic iron oxide in 15 
patients: results of MR imaging at 1.5 T. AJR Am J Roentgenol 152, 771-775. 
15. Sakai, D., Mochida, J., Iwashina, T., Hiyama, A., Omi, H., Imai, M., Nakai, T., Ando, K., 
and Hotta, T. [2006] Regenerative effects of transplanting mesenchymal stem cells embedded in 
atelocollagen to the degenerated intervertebral disc. Biomaterials 27, 335- 345. 
16. Tallheden, T., Nannmark, U., Lorentzon, M., Rakotonirainy, O., Soussi, B., Waagstein, F., 
Jeppsson, A., Sjogren-Jansson, E., Lindahl, A., and Omerovic, E. [2006] In vivo MR imaging of 
magnetically labeled human embryonic stem cells. Life Sci 79, 999-1006. 
17. Ye, Y., and Bogaert, J. [2008] Cell therapy in myocardial infarction: emphasis on the role of 
MRI. Eur Radiol 18, 548-569. 
18. Stella, B., Arpicco, S., Peracchia, M. T., Desmaele, D., Hoebeke, J., Renoir, M., D'Angelo, 
J., Cattel, L., and Couvreur, P. [2000] Design of folic acid-conjugated nanoparticles for drug 
targeting. J Pharm Sci 89, 1452-1464. 
19. Zimmer, C., Wright, S. C., Jr., Engelhardt, R. T., Johnson, G. A., Kramm, C., Breakefield, X. 
O., and Weissleder, R. [1997] Tumor cell endocytosis imaging facilitates delineation of the 
glioma-brain interface. Exp Neurol 143, 61-69. 



20. Moore, A., Weissleder, R., and Bogdanov, A., Jr. [1997] Uptake of dextran-coated 
monocrystalline iron oxides in tumor cells and macrophages. J Magn Reson Imaging 7, 1140-
1145. 
21. Moore, A., Josephson, L., Bhorade, R. M., Basilion, J. P., and Weissleder, R. [2001] Human 
transferrin receptor gene as a marker gene for MR imaging. Radiology 221, 244-250. 
22. Babic, M., Horak, D., Trchova, M., Jendelova, P., Glogarova, K., Lesny, P., Herynek, V., 
Hajek, M., and Sykova, E. [2008] Poly[L-lysine]-modified iron oxide nanoparticles for stem cell 
labeling. Bioconjug Chem 19, 740-750. 
23. Shinkai, M. [2002] Functional magnetic particles for medical application. J Biosci Bioeng 94, 
606-613. 
24. Zhang, Y., and Zhang, J. [2005] Surface modification of monodisperse magnetite 
nanoparticles for improved intracellular uptake to breast cancer cells. J Colloid Interface Sci 283, 
352-357. 


