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Abstract

Background: RO-48-8071 (4-Bromophenyl)[2-fluoro-4-[[6-(methyl-2-propen-1-ylamino)hexyl]oxy]phenyl]methanone) (RO) is a cholesterol lowering drug that
targets oxidosqualene cyclase in the cholesterol biosynthesis pathway. We recently reported anti-cancer properties for RO in breast and prostate cancer cells.

Methods: The present study describes that RO 48-8071 is also an effective agent against aggressive drug-resistant colon, pancreas and lung cancer cells. We examined
whether RO could inhibit the growth of cancer cells iz vitro using a well-established cell viability assay in a short time frame (24-48 h).

Results: Treatment of 7 different aggressive cancer cell lines with RO for 48 h significantly reduced their viability (IC50 range 3.3 to 13.68 pM).

Conclusion: As reported eatlier, a long term-assay (5-7 days) showed that nM levels of RO also effectively reduced the viability of breast and prostate cancer cells,
though this remains to be investigated for the cell lines reported here. RO warrants further investigation as an effective anti-cancer compound.

Introduction

We recently showed that the cholesterol biosynthesis inhibitor
RO 48-8071 is a very effective therapeutic agent against breast and
prostate cancer cells, both in vitro and in vivo [1,2]. RO 48-8071
inhibits oxidosqualene cyclase, an enzyme downstream of HMG-
CoA reductase; latter is the rate limiting enzyme in the cholesterol
biosynthetic pathway. RO 48-8071 was also effective at low doses (nM
range) over 5-7 days and did not influence normal cells [1,2]. Others
have shown that RO 48-8071 is also an effective PI3-Kinase inhibitor in
different types of cancer, as well as being an antiangiogenic agent that
restricts the growth of endothelial cells [3]. Thus RO 48-8071 appears
to be a multifunctional anti-cancer agent that blocks the growth of both
epithelial and endothelial cells. In this communication we would like
to report that RO 48-8071 is also effective in vitro against other lethal
types of drug-resistant cancer, including lung, colon and pancreatic
cancer. These cancer types are difficult to treat and often metastasize,
leading to patient death.

Materials and methods

Cell lines and culture

All cell-culture studies were approved by the University of Missouri
Institutional Environmental Health and Safety Board (Columbia, MO,
USA). All cell lines were obtained from the American Type Culture
Collection (Manassas, VA, USA). Cells were grown as described
in legends in DME/F12 medium or RPMI-1640, Iscove's Modified
Dulbecco's Medium (IMDM), or F-12K medium supplemented with
10% or 20% fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO,
USA), at 37°C in a humidified atmosphere of 5% CO2 and harvested
for different experiments with 0.05% trypsin-EDTA (ThermoFisher
Scientific, Waltham, MA, USA). Cells were washed with phosphate-
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buffered saline (PBS) or FBS-free medium before being treated in fresh
medium containing 5% or 10% FBS described in each figure.

Cell viability assay

We utilized the well-established SRB cell viability assay [4,5] to
determine the inhibitory effect of RO 48-8071 on drug-resistant colon,
lung and pancreatic cells of aggressive nature [6-12]. The SRB assay
quantitates protein content of surviving cells as an index of cell growth
and viability, as described in our previous publications [1,2,13]. Six wells
were used for each concentration, and experiments were performed
three to five times in order to calculate IC50 values. Representative
experiment is shown in Figures 1-3 and IC50 values are listed in Table
1. Viability of 7 different cancer cell lines was inhibited by RO 48-8071.

Statistical analysis

Differences among groups were tested using one-way analysis
of variance (ANOVA). SigmaPlot software (version 14) was used for
statistical analysis. Data are reported as mean + standard error of the
mean (SEM). For all comparisons, P<0.05 was considered significant.
The assumption of the ANOVA was examined, and if necessary, a
nonparametric measure based on ranks was used. If normality failed,
Kruskal-Wallis one-way ANOVA on ranks was used in place of regular
ANOVA. In cases where a significant effect was shown by ANOVA
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Figure 1. Effect of RO 48-8071 on colon cancer cell line viability. (A) DLD-1 cells (4.0x10%well) and (B) LoVo cells (6.0x10%/well) were seeded into a 96-well plate overnight. Cells were
washed with culture medium devoid of FBS, then treated for 24 or 48 hours with RO 48-8071. For DLD-1 cells, seeding was in RPMI-1640+10% FBS and treatment was in RPMI-1640+5%
FBS. For LeVo cells, the seeding medium was 10% FBS F-12K, and treatment was in 5% FBS F12K. Cell viability was determined by SRB assays. Data are shown as the mean + SEM
(n=6). *Significantly different from control group; P<0.05 (ANOVA)
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Figure 2. Effect of RO 48-8071 on lung cancer cell line: (A) H69AR cells (1x10%well) and (B) NCI-H23 cells (3.5x10%well), (C) A549 cells (3.0x10%/well) were seeded into a 96-well plate
overnight. Cells were washed with culture medium devoid of FBS, then treated for 24 or 48 hours with RO 48-8071. For H69AR cells, the seeding medium was 20% FBS RPMI-1640, and
10% FBS RPMI-1640 for treatment. For NCI-H23 cells, the seeding medium was 10% FBS RPMI-1640, and 5% FBS RPMI-1640 for treatment. For A549 cells, the seeding medium was
10% FBS F-12K, and 5% FBS F-12K for treatment. Cell viability was determined by SRB assay. Data are shown as the mean + SEM (n=6). *Significantly different from control group;
P<0.05 (ANOVA)
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Figure 3. Effect of RO 48-8071 on pancreatic cancer cell line. (A) Capan-1 (6.0x10%well) and (B) BxPC-3 (4.0x10%/well) were seeded into a 96-well plate overnight. Cells were washed with
culture medium devoid of FBS, then treated for 24 or 48 hours with RO 48-8071. For Capan-1 cells, the seeding medium was IMDM with 20% FBS, and IMDM with 10% FBS IMDM for
treatment. For BXxPC-3 cells, the seeding medium was RPMI-1640+10% FBS, and RPMI+5% FBS for treatment. Cell viability was determined by SRB assay. Data are shown as the mean
+ SEM (n=6) *Significantly different from control group; P<0.05 (ANOVA)
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Table 1. IC50 (uM) of RO 48-8071 in cancer cell lines

Cancer type Cell lines 24 hours 48 hours
Colon DLD-1 11.49+£0.24 6.93 +0.41
LOVO 9.46 £0.07 3.30+0.54
Lung H69AR 10.84 +0.61 8.11+0.36
H23 14.19+1.28 10.28 +£0.30
A549 13.51+£0.93 9.26 +0.45
Pancreas Capan-1 18.55+1.62 13.68 £ 0.17
BxPC-3 11.38 £0.62 7.11£0.10

(F-ratio, P<0.05), the Student-Newman-Keuls multiple comparison test
was employed to compare the means of the individual groups.

Results

Figure 1 shows the effect of RO 48-8071 on colon cancer cell lines.
The DLD-1 cell line, derived from a male patient, is of the colorectal
adenocarcinoma type and contains a mutation in the p53 gene. The
LOVO cell line is also of the colorectal adenocarcinoma type and is
derived from a metastatic lesion.

Figure 2 shows growth inhibitory properties of RO 48-8071 on
3 different lung cancer cell lines. H69AR is a drug-resistant cell line
derived from small cell lung cancer. H23 is also an adenocarcinoma
cell line with a mutation in the p53 gene. A549 is derived from a lung
carcinoma of a patient.

Figure 3 shows the effect of RO 48-8071 in suppressing pancreatic
cancer cell viability. Capan-1 cell line is derived from a metastatic site
(liver) of a pancreatic cancer patient. BxPC-3 cell line is derived from a
pancreatic adenocarcinoma.

Table 1 shows the IC50 values for RO 48-8071 against colon, lung
and pancreatic cell lines drawn from experiments shown in Figures 1-3.
While all cell lines were sensitive to RO 48-8071 the colon cancer cell
lines showed great sensitivity to the drug.

Discussion

Since many cancers become resistant to current chemotherapeutic
approaches, there is a need to discover new pathways and ligands that
could be used as alternatives to cure the disease. With this in mind we
identified a cholesterol biosynthesis inhibitor, RO 48-8071, as a potent
inhibitor of both breast and prostate cancer cells [1,2], as well as ovarian
cancer cells (data to be presented elsewhere). RO 48-8071 induced
apoptosis of cancer cells and also activated estrogen receptor-beta,
which is known to have anti-proliferative properties in many cell types
[1,2]. Since low (nM) concentrations of RO blocked tumor cell growth
over a 5-7-day study, toxicity of the compound would likely be very low.
This was borne out in in vivo studies [1,2] and further supported by our
observations that RO 48-8071 had no effect on normal cell lines [1,2]. It
was our aim in our initial studies to ascertain whether RO 48-8071 also
reduces the growth properties of cancer cell lines derived from lethal
types of cancer, especially drug resistant cancer cells. To this end we
utilized an assay that permitted us to determine the effects of RO 48-
8071 on tumor cell viability. Based on our findings we predict that RO
48-8071 will also be highly effective in vivo, though its in vivo effects
were not examined in the present study. Our aim here is to inform
researchers of the potential of RO 48-8071 and to highlight an extremely
promising compound whose effects warrant further investigation in the
form of human clinical trials.
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Our observations show that RO 48-8071 effectively disrupts
the progression of colon, lung and pancreatic cancer cells that grow
aggressively and for which there are few treatment options. Colon
cancer cells appear to be most sensitive to RO 48-8071 suggesting
that perhaps this drug enters these cells most effectively although this
remains to be proven. In future studies the mechanism of action of RO
48-8071 will be determined in the cell lines tested. We predict that RO
48-8071 will induce apoptosis as well as inhibit PI3-kinase activity as
previously described [1-3]. Future in vivo therapeutic studies are also
important to establish with the cell lines described.

Conclusion

We previously published our findings that RO 48-8071 inhibits
breast and prostate cancer cells. Based on our current studies we contend
that RO 48-8071 is an effective inhibitor of multi-cancer cells, including
those that are drug-resistant, and that its anti-cancer properties warrant
further investigation, perhaps in the form of human clinical trials.
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