
 

 

Introduction 
 
Rose bengal (RB), an anionic water soluble xan-
thene dye, has been used for many years by eye 
care professionals to assess damage to the 
cornea and conjunctiva [1, 2]. Its ability to be 
converted to singlet oxygen when irradiated with 
green light led to its use as a photodynamic 
sensitizer for killing both microorganisms and 
cancer cells [3-7]. It has also been reported that 
cancer cells pre-exposed to RB could be lysed 
when later exposed to ultrasound [8, 9]. Rele-
vant to this study, RB alone was also shown to 
be toxic to cancer cells and to preferentially en-
ter cancer, but not normal, cells. Intralesional 
RB was reported to chemoablate locoregional 
and metastatic melanomas [10, 11]. In a phase 
I study of 20 subjects with stage III‐IV mela-
noma, a single injection of RB (10% in saline, 

designated PV-10 by Provectus Pharmaceuti-
cals) into a total of 114 lesions was well toler-
ated, and yielded a durable objective response 
(OR) in 40% of subjects and locoregional dis-
ease control in 75% of subjects. Furthermore, 
15% of subjects achieved an OR in their by-
stander lesions (43 lesions) [12]. In more recent 
phase II testing in 80 subjects, this RB formula-
tion was shown to induce a complete or partial 
response, or stabilize disease in 49% of the 80 
enrolled subjects [12] following intralesional 
injection. In addition, 33% of 21 subjects with 
evaluable bystander lesions achieved a CR in 
these lesions, along with 10% and 14% in the 
PR and SD groups, respectively [13].  
 
The ability of RB to induce both direct and by-
stander melanoma cell death led to the specu-
lation that it may be similarly effective in the 
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treatment of other intractable cancers. The ob-
jective of this study was to determine whether 
there is justification in pursuing such an ap-
proach for the treatment of ovarian cancer. 
While accounting for only three percent of can-
cers in women, ovarian cancer is the fifth most 
common cause of cancer death in women be-
hind lung, breast, colorectal, and pancreatic 
cancers [14]. There has been a decline of less 
than one percent in its incidence over the past 
twenty years and, despite the development of 
new treatment approaches, its mortality rate 
has remained relatively unchanged [15]. These 
statistics, coupled with the fact that peritoneal 
dissemination of ovarian cancer makes it par-
ticularly hard to surgically eradicate necessitate 
the development of new treatment methodolo-
gies. The appeal of RB is that it represents a 
biocompatible compound that appears to ex-
hibit an immune bystander effect that could be 
of great benefit in the treatment of ovarian car-
cinosis. As a first step in the evaluation of this 
approach, we determined the effects of RB on 
human ovarian cancer cells in vitro.  
 
Materials and methods 
 
Reagents 
 
RB was purchased from Sigma Chemical Co. 
(catalogue #R3877-5G). The Vibrant MTT Cell 
Proliferation Assay Kit (catalogue#: V13154), 
purchased from Invitrogen (Grand Island, NY) 
was used to evaluate the responses of human 
ovarian cancer, transformed kidney, and normal 
fibroblast cell lines to various doses of RB. Incu-
bation of cells with carboplatin (Sigma; cata-
logue #C2538-100MG), a chemotherapeutic 
drug known to be toxic to ovarian cancer cells, 
served as a positive control for suppressed cell 
growth. The TiterTACS™ 96-well Apoptosis De-
tection Kit from R&D Systems (Minneapolis, 
MN; catalogue #TA600) was used to detect 
apoptotic cell death in ovarian carcinoma cells. 
Whether or not RB induced the generation of 
reactive oxygen species in ovarian carcinoma 
cells was determined using the OxiSelect™ In-
tracellular ROS Assay Kit (Cell Biolabs, Inc., San 
Diego, CA; catalogue #STA-342).  
 
Cell lines 
 
UWB1.289 ovarian carcinoma cells (hereafter 
referred to as UWB) were obtained from Ameri-
can Type Culture Collection (ATCC; Manassas, 

VA). This cell line was derived from a tumor of 
serous histology, which is one of the most com-
mon and lethal ovarian malignant tumors con-
stituting 60% of the malignant tumors of the 
ovary and accounting for the majority of deaths 
from gynecologic malignancies. UWB carries a 
germline BRCA1 mutation within exon 11 and 
has a deletion of the wild-type allele. It is estro-
gen and progesterone receptor negative and 
has an acquired somatic mutation in p53. 
These cells were passaged in 50% RPMI-1640 
medium (Life Technologies) and 50% Mammary 
Epithelial Growth Medium (MEGM, from Clonet-
ics/Lonza, Basel, Switzerland), the latter of 
which was constituted from MEBM basal me-
dium and SingleQuot additives supplemented 
with 3% fetal bovine serum (FBS).  
 
The effects of RB were also determined in the 
following three cells lines: 1. UWB1.289+BRCA1 
(referred to hereafter as BRCA1), which is a sta-
ble line derived from UWB1.289 in which wild-
type BRCA1 was restored; 2. HEK-293, an em-
bryonic kidney cell line transformed with adeno-
virus 5 DNA - this cell line served as a non-
ovarian cancer control; and 3. Detroit 551, a 
normal human skin fibroblast cell line. The 
BRCA1 cell line was propagated in the same 
media as the UWB cell line, and the HEK-293 
and Detroit 551 cell lines were propagated in 
Eagle's Minimum Essential Medium (EMEM) 
supplemented with 10% FBS.  
 
Cell proliferation assay 
 
Cells were harvested from near confluent tissue 
culture plates with 0.05% trypsin in EDTA 
(Invitrogen), washed in media, and resuspended 
to a final concentration of 2 x 105 cells/ml. 100 
µL of each cell suspension were added to flat-
bottomed, 96-well plates (Costar), so that each 
well contained a total of 2 x 104 cells. In all of 
the experiments described below, eight wells 
were treated per group and in most cases, as-
says were run three times. After being incu-
bated overnight at 37oC in 5% CO2, 0.16 to 2.5 
mM carboplatin was added to wells containing 
UWB cells; these wells served as a positive con-
trol for UWB cell toxicity. Other plates containing 
UWB as well as BRCA1, HEK-293 and Detroit 
551 cells were treated with up to 800 µM RB. 
Both test compounds were added to the wells in 
sterile PBS; control wells received sterile PBS 
alone. The cultures were then incubated for an 
additional four days after which the media were 
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aspirated from the wells and replaced with 100 
μL of phenol red-free high glucose-containing 
DMEM (Invitrogen); this media change was ne-
cessitated by the fact that phenol red can inter-
fere with the MTT assay. After this media 
change, 10 µL of the 12 mM MTT stock solution 
was added to each well and the plates incu-
bated for an additional four hours, after which 
time all but 25 μL of media in each well was 
aspirated and 50 μL of DMSO added to each 
well. The plates were then briefly shaken on a 
plate shaker and incubated for 10 minutes, af-
ter which the plates were again briefly shaken 
and the absorbance in the wells determined at 
540 nm using a BioTek EL-808 plate reader. 
One plate was seeded with between 4 x 103 and 
1 x 106 untreated UWB cells one hour prior to 
MTT treatment in order to generate an absorb-
ance/cell density curve.  
 
Apoptosis assay 
 
UWB cells treated with RB were analyzed to de-
termine whether they had undergone apoptosis 
using the Trevigen HT TiterTACS Assay Kit. Cells 
were incubated with 100 to 800 µM RB for four 
days as described above, after which they were 
washed and fixed in 10% formalin. The rest of 
the assay was carried out as described by the 
manufacturer, which included the quenching of 
endogenous peroxidase activity as well as the 
generation of a positive nuclease control. The 
final step involved the colorimetric detection of 
DNA fragmentation at an absorbance of 450 nm 
in the above-mentioned plate reader.  
 
Measurement of the generation of reactive oxy-
gen species (ROS) 
 
Whether or not treatment with RB resulted in 
the generation of ROS in UWB cells was deter-
mined using the Cell Biolabs assay mentioned 
above. This assay involves the preloading of 
cells with dichlorodihydrofluorescein diacetate 
(DCFH-DA), which interacts with intracellular 
ROS to generate fluorescent dichlorofluorescein 
(DCF); fluorescence intensity is proportional to 
the ROS levels in the cytosol. Cells plated at a 
density of 1 × 104 cells per well were incubated 
for 24 hours, after which the media were dis-
carded and the attached cells washed with PBS 
and then exposed to DCFH-DA for one hour at 
37°C. After washing with PBS, the cells were 
treated with 10, 100, or 1000 μM H2O2 for 20 
minutes, or 50 μM RB for 24 hours. The fluores-

cence emission spectrum of RB is close to that 
of DCF; a concentration of 50 μM RB was se-
lected since it was empirically determined that it 
was the highest concentration that could be 
tested without residual RB in the wells resulting 
in the shifting and flattening of the standard 
curve. Following the 20 minute and 24 hour 
incubations, the cells were washed and the 
wells refilled with 100 μL of media and 100 μL 
of lysis buffer provided by the manufacturer. 
The plate was agitated and then incubated for 
five minutes, after which 150 μL from each well 
was transferred to wells of a black 96-well 
fluorometric plate. Fluorescent signal from the 
samples and standard curves were assayed at 
480 nm/530 nm using a Fujifilm FLA-5100 (s/
n: 4632022) laser scanner. Scanned images 
were analyzed, and values were exported to 
Excel using Fuji MultiGauge software, v3.0.  
 
Statistical analyses 
 
Data are expressed as the mean ± SEM and 
were analyzed using a one-way ANOVA allowing 
for unequal variances across the different treat-
ment groups. When the overall ANOVA showed 
significance (p<0.05), a post-hoc Dunnett’s test 
was used to compare the treatment to the con-
trol groups.  
 
Results 
 
Effects of RB on cell growth and viability 
 
UWB and BRCA1 ovarian cancer cells displayed 
dose-dependent suppression of growth in re-
sponse to RB as indicated by the results of the 
MTT assays (Figures 1A and 1B). This suppres-
sion was similar to that seen in response to 
treatment with all doses of carboplatin tested 
(Figure 1C). Data from the control UWB absorb-
ance/cell density growth curve (Figure 1D) sug-
gested that at concentrations at and above 50 
µM, RB completely inhibited the growth of the 2 
x 104 cells that were seeded in the wells. RB-
treated UWB cells appeared rounded, shrunken, 
and damaged, but were still attached to the 
plate (Figure 2). The data in Figure 3 show that 
the growth of UWB cells over four days was simi-
larly suppressed when the cells were incubated 
with RB for only one hour. 
 
RB also inhibited the growth of HEK-293 tumor 
cells in a dose-dependent manner similar to 
that seen with UWB and BRCA1 cells (Figure 
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4A). On the other hand, only the highest doses 
of RB suppressed the growth of normal Detroit 
551 cells (Figure 4B). These latter data suggest 
that RB-mediated growth suppression at these 
higher concentrations may be tumor cell spe-
cific.  
 
Evidence of apoptosis in RB-treated UWB cells 
 
The degree to which RB induced apoptosis in 
UWB cells was determined colorometrically us-
ing the TiterTACS assay. Untreated cells exhib-
ited a very low rate of apoptosis that was less 
than 10% of that seen in the nuclease positive 
controls. Cells treated with 200, 400, or 800 
µM RB displayed a significantly increased de-
gree of apoptosis that peaked at approximately 
four times the levels seen in untreated control 
cultures (Figure 5). Though the absolute number 
of apoptotic cells was not quantified, since wells 

Figure 1. A and B. Effects of RB on UWB and BRCA1 cell growth; cells were cultured with RB for four days 
(*p<0.0001, **p<0.001, and †p=0.0002 relative to untreated control cells). C. UWB cells cultured with carboplatin 
showed significantly reduced cell growth compared to untreated cells at all tested concentrations (p<0.0001). D. 
Relationship between UWB cell number and absorbance in the MTT assay. 

Figure 2. A. Untreated UWB cells after five days in 
culture, as viewed under low power (10X objective) 
with a Nikon TMS phase contrast microscope. B. UWB 
cells treated with 200 µM RB for four days, same 
magnification as A. Cells appeared rounded, 
shrunken, and damaged, but were still attached to 
the plate.  



Rose bengal suppresses ovarian cancer cell growth  

 
 
103                                                                             Int J Physiol Pathophysiol Pharmacol 2012;4(2):99-107 

treated with high doses of RB had close to the 
starting number of cells, it is reasonable to 
speculate that these cultures had a higher per-
centage of apoptotic cells relative to controls. 
 
Effects of RB on the generation of ROS in UWB 
cells 
 
UWB cells were incubated with 10, 100, or 
1000 μM H2O2 for 20 minutes, or 50 μM RB for 
24 hours, after which the generation of ROS 
was analyzed by comparing their DCF levels to 
the levels found in untreated cells. Results are 
plotted as relative fluorescence units (RFUs) 

compared to baseline (see Figure 6). As ex-
pected, cells exposed to various concentrations 
of H2O2 generated ROS in a dose-dependent 
manner. Cells that were incubated with 50 μM 
RB generated ROS at levels that were signifi-
cantly greater than untreated cells (p<0.001) 
and were similar to levels seen in cells treated 
with 1000 μM H2O2 for 20 minutes.  
 
Discussion 
 
The above data establish that RB inhibits the 
growth of UWB1.289 ovarian cancer cells, 

Figure 3. Effects of a one hour incubation of UWB 
cells with RB on their ability to proliferate; the MTT 
assay was carried out four days later. *p<0.0001, 
**p=0.0003, and †p=0.012 relative to control. 

Figure 4. Suppression of HEK-293 (A) and Detroit 551 (B) cell growth by RB. The doses at which HEK-293 growth was 
suppressed were similar to those seen with UWB and BRCA1 cells, while only the highest doses suppressed growth of 
normal Detroit 551 cells. *p<0.001 relative to controls. 

 

Figure 5. Quantitation of apoptosis in RB-treated 
UWB cells. The positive control consisted of nuclease
-treated cells. *p<0.0001 relative to positive control. 
**p=0.0029, †p=0.0031, and §p=0.024 relative to 
untreated control cells. 
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termed UWB in this paper, which carry a germ-
line BRCA1 mutation, as well as the growth of 
UWB1.289+BRCA1 cells, termed BRCA1 in this 
paper, in which the wild-type BRCA1 allele was 
restored. Treatment with RB for one hour was 
sufficient to inhibit the growth of UWB cells. RB 
also blocked the growth of HEK-293 cells, which 
are adenovirus-transformed embryonic kidney 
cells. Interestingly, RB was not as effective at 
preventing the growth of the normal human fi-
broblast cell line Detroit 551; growth suppres-
sion in these cells only occurred at RB concen-
trations that were four-fold higher than those 
which inhibited the growth of the tumor cell 
lines. In support of a targeted effect of RB in 
tumor cells, it was previously reported that PV-
10, the RB formulation developed by Provectus, 
freely entered cancer cells but was excluded 
from normal cells [13]. While much still needs 
to be done in the interim, this finding bodes well 
for the potential future directed use of this com-
pound for the suppression of tumor cell growth 
in general, and ovarian cancer cell growth in 
particular, in humans. Since the MTT assay was 
reported to have been useful for in vitro chemo-
sensitivity testing of fresh surgical specimens of 
gastric, colorectal, and hepatocellular carcino-
mas, and malignant lymphoma [16] as well as 
for directing the treatment of advanced breast 

cancer [17], our data showing suppression of 
ovarian cancer cell growth by RB using this as-
say suggest that RB may be toxic to these cells. 
 
This premise is supported by phase contrast 
microscopy that revealed that RB-treated UWB 
cells were rounded not spindle-shaped, and 
shrunken in appearance, suggesting that RB not 
only inhibited their growth but damaged them 
as well. Further evidence came from the demon-
stration that cells treated with high concentra-
tions of RB displayed a significant degree of 
apoptosis relative to untreated control cells. A 
host of chemotherapeutic and other compounds 
such as cisplatin, doxorubicin, taxol, PARP in-
hibitors, costunolide, progesterone, and proan-
thocyanidins were shown to induce apoptosis in 
ovarian cancer cells [18-24]. Clinically, the de-
sign of antagonists to anti-apoptotic proteins 
has led to the development of compounds cur-
rently being investigated for their activity 
against haematological and solid malignancies 
[25, 26]. Drug-induced apoptosis in cancer cells 
was shown to correlate with the intracellular 
generation of ROS, high levels of which were 
reported to lead to necrotic cell death, while low 
levels induced apoptotic cell death [27-29]. The 
upregulation by RB of ROS in UWB cells to levels 
seen in cells treated short-term with high-dose 
H2O2 may similarly have contributed directly or 
indirectly to the induction of apoptosis. That 
said, it is important to remember that the role of 
ROS in cancer cells is complex, since they are 
also known to promote tumorigenesis by acti-
vating signaling pathways that regulate cellular 
proliferation, angiogenesis, and metastasis 
[30], in addition to simply causing genomic in-
stability [31]. It is theorized that compounds 
such as those listed above, and potentially RB 
as well, that may cause mild oxidative stress in 
normal cells likely further enhance ROS levels in 
cancer cells to the point at which they trigger 
cell death [32]. 
 
The data in this paper support the further ex-
amination of the effects of intralesional RB in 
an animal model of ovarian cancer. As men-
tioned above, a phase 2 study of the effects of 
PV-10 in melanoma patients showed that such 
treatment induced a complete or partial re-
sponse, or stabilized disease in 49% of the 80 
enrolled subjects following intralesional injec-
tion [12]. Of particular interest in that trial were 
data showing that 38 of the 80 subjects dis-
played immune bystander effects. The idea that 

Figure 6. Generation of ROS in UWB cells exposed to 
various concentrations of H2O2 or 50 μM RB. Cells 
generated ROS in a dose-dependent manner in re-
sponse to a 20 minute incubation with H2O2. Cells 
that were incubated with RB for 24 hours similarly 
generated ROS at levels that were significantly 
greater than untreated cells (*p<0.001); these levels 
were statistically similar to those seen in cells treated 
with 1000 μM H2O2 for 20 minutes.  
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intralesional injection may not only directly kill 
the targeted cells but also lead to beneficial 
vaccination against the future recurrence of 
malignancy dates back to the first use of Bacille 
Calmette-Guerin (BCG) in the mid-seventies 
[33]. Since then, there have been numerous 
reports of the potential benefits of intratumoral 
injection including those that showed that intra-
tumoral injection of: a. low dose tumor necrosis 
factor (TNF)-α promoted antitumor and immuno-
therapeutic responses in a transgenic mouse 
model of pancreatic neuroendocrine tumors 
[34]; b. IL-12 suppressed the local and distant 
growth of Ewing’s sarcoma in a nude mouse 
model [35]; c. interferon (IFN)-α together with 
the systemic delivery of agonist anti-CD137 
monoclonal antibodies showed activity against 
MC38 colon carcinoma cells in mice that were 
directly injected as well as distant tumors [36]; 
and d. α-gal glycolipids in B16 mouse mela-
noma cells induced a protective anti-tumor re-
sponse which overcame the activity of regula-
tory T cells [37]. Peritoneal dissemination is 
common in ovarian cancer and carcinomatosis 
involving the peritoneal lining, the mesentery, 
and/or the intestinal wall often precludes opti-
mal surgery. Thus, even when optimally de-
bulked, many patients still exhibit tumor nod-
ules too small to have been resected by even 
the most skilled surgeon that likely seed future 
growths. In light of the above data, it is theo-
rized that injection of these nodules with RB at 
the time of surgery may prove to be an effective 
strategy for not only their elimination, but for 
vaccinating patients against the future regrowth 
of gross tumors. This notion is supported by 
data that showed that PV-10 treatment in-
creased the levels of tumor infiltrating lympho-
cytes [38] and that the overall survival of ovar-
ian cancer patients was greater in patients 
whose tumors contained T cells [39-43]. 
 
In summary, our data showed that RB inhibited 
the growth of ovarian and adenovirus-
transformed embryonic kidney cancer cells but 
was less effective at preventing the growth of 
normal human fibroblasts. Phase contrast mi-
croscopy suggested that RB not only inhibited 
ovarian cancer cell growth but also damaged 
these cells, a conclusion supported by the dem-
onstration of RB-induced apoptosis and en-
hanced ROS accumulation in these cells. These 
results justify the further investigation of the 
effects of RB in an ovarian cancer animal 
model.   
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