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Study of rose bengal-induced cell death in melanoma 
cells in the absence of light 
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Abstract 
 
Objective  
Melanoma is among the top six cancers as a cause of death and morbidity. Unfortunately there has been 
little progress in the medical treatment of metastatic melanoma, because of its resistance to current 
chemotherapeutic agents. In view of this, there is much interest in the identification of new agents for the 
treatment of melanoma. Rose Bengal (RB) has been used as a systemic diagnostic of hepatic function, 
ophthalmic diagnostic and photosensitiser in photodynamic treatment. In the present study, effects of RB, 
not as a photosensitiser, was tested in melanoma cells in the absence of light.  
Materials and Methods 
Human melanoma cell lines, Me4405, Me1007, IgR3, Mel-FH, Mel-RM, Mel-CV, MM200, Sk-Mel-28 
and fibroblast cells were cultured in DMEM medium. Cell death was quantitated by MTT assay. 
Apoptotic cells were determined using PI staining of DNA fragmentation by flow cytometry (sub-G1 
peak). 
Results 
The result showed RB could induce pronounced cell death in different melanoma cell lines but not in 
fibroblast cells. This toxicity was predominantly induced by non-apoptotic cell death but in some cell 
lines, RB could also induce apoptotic cell death.  
Conclusion 
RB may be considered as a promising chemotherapeutic agent for the treatment of melanoma in the 
future. 
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Introduction 
Melanoma continues to increase in incidence in 
many parts of the world and remains among 
the top six cancers as a cause of death and 
morbidity. However, there has been little 
progress in the medical treatment of metastatic 
melanoma because of the absence of effective 
systemic therapies such as chemotherapy, 
irradiation and immunotherapy. This is 
believed to be primarily due to resistance of 
melanoma cells to apoptosis induced by 
therapeutic agents (1, 2). 

Over the past decade, it has become known 
that many therapeutic agents kill cancer cells 
by inducing apoptosis (3, 4). Three major 
apoptotic pathways originating from separate 
subcellular compartments have been identified;  
the death receptor, mitochondrial and 
endoplasmic reticulum pathways (5, 6). 
Although each pathway is initially mediated by 
different mechanisms, they share a common 
final phase of apoptosis, consisting of 
activation of the executioner caspases and 
dismantling of substrates critical for  
cell survival (7, 8). Apoptosis signaling 
mechanisms induced by many agents are 
however impaired in tumor cells, leading to 
resistance against therapy (9).  In view of this, 
there is much interest in identification of agents 
for treatment of melanoma. 

Rose bengal (4,5,6,7-tetrachloro-2’,4’,5’,7'-
tetraiodofluoresceindisodium) or RB is an 
anionic water soluble Xanthene dye capable of 
photo catalytic conversion of oxygen molecule 
to singlet oxygen upon irradiation with green 
light (10, 11). Its long history of safe use as a 
systemic diagnostic of hepatic function  
(12, 13), as well as a topical ophthalmic 
diagnostic (14, 15), suggests RB should have 
minimal side effects (16).  

In an attempt it is sought to study  the direct 
effect of different concentrations of RB, not as 
a photosensitiser, in melanoma cell lines in the 
absence of visible light.  We report RB could 
induce pronounced cell death in melanoma cell 
lines. This toxicity was predominantly due to 
non-apoptotic cell death. In some melanoma 
cell lines, RB could also induce apoptosis. 

 These results suggest that RB could be 
considered as a promising chemotherapeutic 
agent for the treatment of melanoma in the 
future. 
 
Materials and Methods  
Reagents: RB was supplied by Sigma. 
Recombinant human tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) was 
supplied by Immunex (Seattle, WA). The 
preparation was supplied as a leucine zipper 
fusion protein, which required no further cross-
linking for maximal activity. Propidium iodide 
(PI), sodium citrate and   Triton X-100 were 
purchased from Sigma. DMEM and FCS were 
purchased from Commonwealth Serum 
Laboratories (Melbourne, Australia). MTT Cell 
Proliferation Assay Kit was purchased from 
Molecular Probes (Eugene, UR). 
Cell Culture: Human melanoma cell lines, 
Me4405, Me1007, IgR3, Mel-FH, Mel-RM, 
Mel-CV, MM200, and Sk-Mel-28 (Dr. Hersey' 
laboratory, University of Newcastle, Australia) 
have been described previously (17). The cell 
lines were cultured in DMEM containing 5% 
FCS . Fibroblast cells were cultured in DMEM 
containing 10% FCS. Cells were seeded 
overnight, and then incubated with RB  in the 
dark. 
Cell Viability: Cell viability was measured by 
MTT cell proliferation assay (18) using 
Vybrant MTT Cell Proliferation Assay Kit. 
Briefly, cells were seeded at 10000/well onto 
flat-bottomed 96-well culture plates and 
allowed to grow 24 h followed by treatment 
with RB (10, 50, 100 and 200 µM) in dark. 
After removing the medium, each well was 
washed completely with PBS to remove the red 
color of RB. Cells were then labelled with 
MTT and resulting formazan was solubilized 
with DMSO. Absorbance was read in a 
microplate reader (Bio-Rad) at 540 nm. 
Apoptosis: Apoptotic cells were determined by 
staining using the PI method described 
elsewhere (17). In brief, melanoma cells were 
cultured overnight in a 24-well plate  and 
treated with RB or TRAIL  for 24h in the dark. 
Floating and adherent cells were then harvested 
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and incubated overnight at 4°C in the dark with 
750 µl of a hypotonic buffer (50 µg/mL PI in 
0.1% sodium citrate plus 0.1% Triton X-100) 
before flow cytometric analysis using a 
FACScan flow cytometer (Becton Dickinson).  
Statistical analysis: All results were expressed 
as mean ± SEM. The significance of difference 
was evaluated with ANOVA and Bonfrroni’s 
test. A probability level of p<0.05 was 
considered statistically significant. 
 
Results 
Rose Bengal Induces Cell Death in 
Melanoma Cells 
Morphological changes 
Different melanoma cell lines were cultured 
with increasing concentration of RB in the 
dark. As early as 30 min after the addition of 
RB at 200 µM, morphologic changes were 
observed in the Me 4405 cell line consisting of 

reduction in volume and rounding over 6 hours 
until the nucleus constituted the majority of the 
cellular volume.  After 6h nearly all of the Me 
4405 were floating (Fig. 1A). Morphologic 
changes in SK-Mel-28 cells were the same but 
at slower rates starting 1h after addition of RB.  
After 24h of incubation with RB at 200 µM the 
majority of SK-Mel-28 cells were round.  In 
contrast, there were no morphological changes 
in fibroblasts (Fig. 1A) at the same 
concentration and over the same period.   
Cell viability 
The impact of RB on cell viability was 
quantitated in MTT assays. As shown in Fig. 
1B, RB decreased cell viability in melanoma 
cells but not in Fibroblast cells.  Toxicity was 
evident at 100 µM and pronounced at 200 µM 
of RB.  Time dependent of reduced viability is 
shown in Fig. 1C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
Fig. 1. RB induces morphologic changes and affects the viability of cultured melanoma cells. A.,  Cell lines Me 4405 and SK 28 
and normal fibroblast treated with 200 µM of RB. While Me 4405  (6h incubation) and SK 28 (24h incubation) were completely 
round, fibroblast were unchanged even after 24h. B., normal fibroblast, and cell lines Me 4405, SK 28 and IgR3 were incubated 
with different concentration of RB for 24 h. While RB could not induce significant reduced viability in normal fibroblast, the 
maximum amount of cell death was induced at 200 µM of RB Viability was quantitated by MTT assay. C, Effect of RB (200 
µM) on Me 4405 and SK 28 was studied at different incubation time. Kinetics of toxicity in Me 4405 was so fast and after 6 h 
nearly all cells were dead.  
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RB Induces Both Non-apoptotic and 
Apoptotic Cell Death 

Different melanoma cell lines were treated 
with RB at 100 and 200 µM for 24 h. Me 4405 
and SK 28 cells were also treated with TRAIL 
(200 ng/ml for 24 h) a member of the TNF 
family that is known to induce apoptosis in the 
melanoma cell lines (17), as a positive control. 
As shown in Fig 2A although RB at 100 µM 
affected the viability of melanoma cell lines, 
but apoptosis did not markedly contributed in 
the cell lines tested and non-apoptotic cell 
death was the main form of cell death. Fig 2B 
shows, treatment with RB (200 µM) induced 

both non-apoptotic and apoptotic cell death in 
melanoma cell lines. The main form of cell 
death was non-apoptotic death, however, in 
some cell lines such as Sk-Mel-28 and Mel-CV 
apoptosis was also markedly involved. Flow 
cytometry detection of DNA fragmentation  (17) 
induced by RB in the cell line SK 28 but not 
in Me 4405 is shown in Fig 2C. While nearly 
all of 4405 cells were dead, there was no 
marked sub-G1 peak in flow cytometry 
histogram of these cells indicating non-
apoptotic cell death has the main role in RB-
induced toxicity in Me 4405 cells. 

 
 

 

   

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2. RB induces both non-apoptotic and apoptotic cell death in melanoma cells. A, Different melanoma cell lines were treated 
with RB at 100 µM for 24h. Me 4405 and SK 28 cells were also treated with TRAIL (200 ng/ml) for 24 h as an inducer of 
apoptosis and positive control.  The proportion of apoptotic cells was measured with PI staining of DNA fragmentation by flow 
cytometry. B, RB-induced apoptotic and non-apoptotic cell death at 200 µM for 24h in the same melanoma cell lines. C, Flow 
cytometry histograms of apoptosis assays by the PI method. SK 28 and  Me 4405  were treated with 200 µM of RB for 24 h. 
Columns, mean of three individual experiments; bars, SE.M. 
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Discussion 
RB has been explored as a photodynamic 
sensitiser for cancer chemotherapy (19) and 
for inactivation of either viruses (20) gram-
positive bacteria, or protazoa (21) and can 
induce photohemolysis and photothrombosis 
(22). It was reported that low concentrations 
of RB after exposure to visible light could 
induce apoptosis of human epidermal 
carcinoma A431 cells.  At these low 
concentrations (5-10 µM), RB did not induce 
any cell death itself (23), but in this study, for 
the first time the direct effect of higher 
concentrations of RB (10-200 µM) was 
explored in melanoma cell lines and normal 
fibroblast in the absence of visible light. The 
above results indicate that RB induced cell 
death in all of the cultured melanoma cell 
lines tested but not in fibroblast at 
concentrations of 100 and 200 µM. Toxicity 
was evident at 100 µM and pronounced at  
200 µM of RB. The main form of cell death 
was non- apoptotic cell death, most probably 
necrosis.  In some cell lines (Sk-Mel-28 and 
Mel-CV) at 200 µM of RB apoptosis was 
also markedly involved in induction of cell 
death.  

RB-induced cell death mechanisms in 
melanoma cells are not clear. Lysosome 
could be considered as one of the proposed 
targets for the selective RB-induced toxicity 
in melanoma cells. Rupture of lysosomes, 
leading to the release of their cathepsin 
content, has long been recognized to be 
potentially harmful to the cell (24). Tumor 
cells may be preferentially sensitive to agents 
that trigger the lysosomal apoptosis pathway. 

Different possible mechanisms underlies this 
preferential sensitivity including increased 
levels of several cysteine cathepsins (25) as 
well as of cathepsin D (26), in human tumors 
leading to release of larger amounts of 
cathepsins in tumor cells upon lysosomal 
rupture (27). The degree of lysosomal 
permeabilization may determine the amounts 
of cathepsins released into the cytosol: a 
complete breakdown of all lysosomes will 
result in necrosis, whereas partial breakdown 
may trigger apoptosis (28). The relative 
uptake of RB into fibroblasts and melanoma 
cells could be also considered for the 
selective RB-induced toxicity in melanoma 
cells. 

The significance of non-apoptotic forms 
of cell death in chemotherapy and the 
mechanism(s) by which they are induced by 
chemotherapeutic drugs remain, largely, 
unclear. It is however noteworthy that, the 
non-apoptotic cell death is often observed 
under conditions in which apoptosis is 
inhibited. In addition to inducing apoptosis, a 
number of chemotherapeutic agents have 
been reported to induce non-apoptotic forms 
of cell death (29).  

To our knowledge, the present study is the 
first to show toxicity of RB for melanoma 
cells. Actually for understanding RB-induced 
cell death mechanisms in melanoma cells, 
more studies are needed to be carried out.  
 
Acknowledgements 
The authors would like to thank Susan K. 
Gillespie for her assistance.  

 



 
Dr. S. H., Mousavi 

          IJBMS, Vol. 9, No. 3, Autumn 2006  221

References  
1. Hersey P., Zhang X. D., 2003, Overcoming resistance of cancer cells to apoptosis, J. Cell Physiol., 196: 9-

18. 
2. Soengas M. S., Lowe S. W., 2003, Apoptosis and melanoma chemoresistance, Oncogene, 19:3138-51. 
3. Debatin K. M., Poncet D., Kroemer G., 2002,  Chemotherapy: targeting the mitochondrial cell death 

pathway, Oncogene, 21: 8786–803  
4. Hersey P., Zhang X. D., 2001, How melanoma cells evade TRAIL-induced apoptosis, Nat. Rev. Cancer 

1:142–50. 
5. Ashkenazi A., Dixit V. M., 1998,  Death receptors: signaling and modulation, Science, 281:1305–8  
6. Scorrano L., Oakes S. A.,  Opferman J. T., et al. 2003, BAX and BAK regulation of endoplasmic reticulum 

Ca2+: a control point for apoptosis, Science, 300:135–9  
7. Thornberry N. A., Lazebnik Y., 1998, Caspases: enemies within, Science, 281:1312–6 . 
8. Cryns V., Yuan J., 1998, Proteases to die for, Genes Dev., 12:1551–70. 
9. Linder S., Shoshan M.C., 2005, Lysosomes and endoplasmic reticulum: targets for improved, selective 

anticancer therapy, Drug Resist. Updat., 8:199-204. 
10. Ito T., Kobayashi K., 1997, A survey of in vivo photodynamic activity of xanthenes, thiazines, and 

acridines in yeast cells, Photochem. Photobiol., 26: 581-587. 
11. Theodossiou T., Hothersall J. S., et al., 2003, Firefly luciferin-activated rose bengal: in vitro photodynamic 

therapy by intracellular chemiluminescence in transgenic NIH 3T3 cells, Cancer Res., 15: 1818-21. 
12. Delprat G. D., Epstein N. N., Kerr W. J., 1924, A new liver function test: The elimination of rose bengal 

when injected into the circulation of human subjects, Arch. Intern. Med., 34: 533-541. 
13. Nordyke R.A., 1965, Surgical vs. nonsurgical jaundice: Differentiation by a combination of rose bengal 

I131 and standard liver-function tests, JAMA, 194: 949-953. 
14. Marsh R. J., Fraunfelder F. T., McGill J. I., Phil D., 1976, Herpetic corneal epithelial disease, Arch. 

Ophthalmol.,  94: 1899-1902. 
15. Argueso P., Tisdale A., et al., 2006, Characteristics of human corneal-limbal epithelial cells that exclude 

the rose bengal anionic dye, Invest. Ophthalmol. Vis. Sci., 47:113-9. 
16. Wachter E., Dees C., et al., 2003, Topical rose bengal: pre-clinical evaluation of pharmacokinetics and 

safety, Lasers Surg. Med., 32:101-10. 
17. Zhang X. D., Franco A., et al., 1999, Relation of TNF-related apoptosis-inducing ligand (TRAIL) receptor 

and FLICE-inhibitory protein expression to TRAIL-induced apoptosis of melanoma, Cancer Res., 1: 2747–53. 
18. Wu J. J., Zhang X. D., Gillespie S., Hersey P., 2005,  Selection for TRAIL resistance results in melanoma 

cells with high proliferative potential, FEBS Lett., 28: 1940-4. 
19. Bottiroli G., Croce A. C., et al., 1997, Enzyme-assisted cell photosensitization: a proposal for an efficient 

approach to tumor therapy and diagnosis. The rose bengal fluorogenic substrate, Photochem. Photobiol., 
66:374-83. 

20. Lenard J., Rabson A., Vanderoef R., 1993, Photodynamic inactivation of infectivity of human 
immunodeficiency virus and other enveloped viruses using hypericin and rose bengal: inhibition of fusion and 
syncytia formation, Proc. Natl. Acad. Sci. U. S. A., 90:158-62. 

21. Dahl T. A., Midden W. R., Neckers D. C., 1988, Comparison of photodynamic action by rose bengal in 
gram-positive and gram-negative bacteria, Photochem. Photobiol., 48:607-12. 

22. Valenzeno D. P., Trudgen J., et al., 1987, Singlet oxygen involvement in photohemolysis sensitized by 
merocyanine-540 and rose Bengal, Photochem. Photobiol., 46:985-90. 

23. Chan W.H., Wu H.J., 2004, Anti-apoptotic effects of curcumin on photosensitized human epidermal 
carcinoma A431 cells, J. Cell Biochem., 92:200-12. 

24. Turk V., Turk B., Turk D. 2001, Lysosomal cysteine proteases: facts and opportunities, EMBO J., 20: 
4629-33. 

25. Yan S, Sameni M, Sloane BF. 1998, Cathepsin B and human tumor progression, Biol. Chem., 379:113-23. 
26. Rochefort H., Garcia M., Glondu M., Laurent V., Liaudet E., Rey J. M., Roger P., 2000, Cathepsin D in 

breast cancer: mechanisms and clinical applications, a 1999 overview., Clin. Chim. Acta., 291:157-70. 
27. Linder S., Shoshan M.C., 2005,  Lysosomes and endoplasmic reticulum: targets for improved, selective 

anticancer therapy, Drug Resist. Updat., 8:199-204.  



 
Rose Bengal induces cell death in melanoma 

                                                                                                            IJBMS, Vol. 9, No. 3, Autumn 2006  222 

28. Bursch W., 2001, The autophagosomal-lysosomal compartment in programmed cell death, Cell Death 
Differ., 8: 569-81. 

29. Broker L. E., Kruyt F. A., Giaccone G., 2005, Cell death independent of caspases: a review, Clin. Cancer 
Res., 11:3155-62. 



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

