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Abstract

Drug repurposing is a cost effective means of targeting new therapies for cancer. We have
examined the effects of the repurposed drugs, bezafibrate, medroxyprogesterone acetate and
valproic acid on human osteosarcoma cells, i.e., SAOS2 and MG63 compared with their
normal cell counterparts, i.e. mesenchymal stem/stromal cells (MSCs). Cell growth, viability
and migration were measured by biochemical assay and live cell imaging, whilst levels of
lipid-synthesising enzymes were measured by immunoblotting cell extracts. These drug
treatments inhibited the growth and survival of SAOS2 and MG63 cells most effectively
when used in combination (termed V-BAP). In contrast, V-BAP treated MSCs remained
viable with only moderately reduced cell proliferation. V-BAP treatment also inhibited
migratory cell phenotypes. MG63 and SAOS2 cells expressed much greater levels of fatty
acid synthase and stearoyl CoA desaturase 1 than MSCs, but these elevated enzyme levels
significantly decreased in the V-BAP treated osteosarcoma cells prior to cell death. Hence,
we have identified a repurposed drug combination that selectively inhibits the growth and
survival of human osteosarcoma cells in association with altered lipid metabolism without
adversely affecting their non-transformed cell counterparts.
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Introduction

Combinatorial drug treatments are more effective in the treatment of many different types of
tumour than monotherapies as this increases the number of aberrant signalling or pathogenic
pathways that can be targeted. In osteosarcoma, which, although rare, is the most common
form of bone tumour affecting children and adolescents *, the current chemotherapeutic drug
regimen includes a combination of methotrexate, cisplatin, doxorubicin and ifosfamide 2
However, these drugs demonstrate toxicity against normal cells and have limited effect on
metastatic osteosarcoma, for which patients have a relatively poor prognosis 23. Therefore,
new drug combinations are required that selectively target osteosarcoma and do not adversely
affect normal cell counterparts. This search for new anti-tumour therapies has included a
strategic repurposing of drugs that are already licensed for clinical application and of proven
safety *. For example, the histone deacetylase inhibitor, valproic acid (VPA), which is used
clinically to treat epilepsy °, augments the effects of cytotoxic anti-tumour drugs against
osteosarcomas by enhancing expression of apoptosis-related genes °.

In blood cancers, i.e. leukaemia and lymphoma, combination therapies and drug
repurposing, as well as problems of drug toxicity, are also seen as strategically important and
novel drug regimens have successfully increased patient survival rates for some forms of
haemopoietic malignancy. For example, we recently combined the lipid-regulating drug
bezafibrate (BEZ) and the sex hormone medroxyprogesterone acetate (MPA) (combined
treatments were termed BaP) to induce cell growth arrest, apoptosis and increased

" In addition, we showed

differentiation of acute myeloid leukaemia (AML) in vitro
therapeutic efficacy in a clinical trial of low dose BaP therapy in elderly and relapsed AML ®.
BaP therapy also prevented disease progression in a phase I/ll trial in endemic Burkett’s

lymphoma °. There were no evident adverse effects on normal haemopoietic stem cells or

progenitors at the low drug concentrations used in this study. The mechanisms of action of



these drugs are complex and likely to be disease-specific, although data suggest that
generation of reactive oxygen species (ROS) and altered prostaglandin and fatty acid
synthesis is important 3°. Disruption of stearoyl CoA desaturase 1 (SCD-1)-mediated
lipogenesis, in particular, was associated with the cytotoxic effects of BaP against AML *°.
Aberrant signalling and metabolic pathways that BaP target are implicated in the
formation of tumours thought to derive from the transformation of mesenchymal
stromal/stem cells (MSCs), including osteosarcoma ** and chondrosarcoma *2. Hence, there is
an intriguing possibility that the biochemical, molecular and cytotoxic effects of drugs that
have been successfully re-profiled to treat haemopoietic malignancies may also prove
efficacious in other forms of cancer, i.e. MSC-derived sarcomas. Therefore, this study has
examined the effects of BEZ, MPA and VPA, alone and in combination, on the growth,
survival and migratory behaviour of human osteosarcoma cells in comparison with normal

(non-transformed) human MSCs.

Results

The comparative effects of repurposed drugs on human osteosarcoma versus normal
MSC growth, viability and migration

Combined treatments with BEZ, MPA and VPA (termed V-BAP) were more effective in
inhibiting the growth and survival of SAOS2 and MG63 osteosarcoma cells than single
treatments of each drug alone (Figure 1). The effects on V-BAP on the numbers of viable
osteosarcoma cells (assessed by MTT assay) were significant and drug concentration-
dependent. Hence, at V-BAP concentrations of 1mM BEZ, 10uM MPA and 0.6mM VPA, the
number of viable SAOS2 and MGG63 cells present in treated cultures was less than 2% of
control numbers. In contrast, V-BAP treatment had little effect on the growth and survival of

human MSCs, such that at a V-BAP concentration of 1mM BEZ, 10uM MPA and 0.6mM



VPA, the viable MSC number was still approximately 95% of control values, with no
significant difference. At greater concentrations of V-BAP, i.e. at 2mM BEZ, 20uM MPA
and 0.6mM VPA, the number of viable human MSCs decreased to less than 50% of control
values. Hence, there was an effective concentration range of V-BAP that blocked the growth
of SAOS2 and MG63 cells, but had no adverse effect on human MSCs. Furthermore, in
separate studies we found that VV-BAP treatment was significantly more effective at inhibiting
SAOS2 and MG63 cell proliferation than the drug combination of BaP alone (Supplementary
Figure S2).

The combined drug treatments of 0.5mM BEZ, 5uM MPA and 0.6mM VPA (designated V-
BAP Low) versus 1mM BEZ, 10uM MPA and 0.6mM VPA (designated V-BAP High)
marked a transition from drug concentrations that prevented the growth of SAOS2 cells only
to a concentration that effectively prevented the growth of SAOS2 and MG63 cells, with the
growth of human MSCs remaining unaffected. Therefore, these two concentrations were
examined further.

We used time-lapse live cell image analysis combined with DRAQ7™ staining to examine
whether V-BAP treated cells were undergoing growth arrest and/or were also dying. SAOS2
and MG63 cells showed greater proliferation than their non-transformed MSC counterparts,
as measured by the number of cell divisions recorded over a 120 hour culture period.
However, there was a significant reduction in the number of viable SAOS2 and MG63 cells
undergoing cell division (versus control cultures) after drug treatments, which was associated
with an increase in cells staining positively for DRAQ7 (Figure 2). In contrast, there was no
significant change in the numbers of viable MSCs undergoing cell division when treated with
either V-BAP Low or V-BAP High concentrations. This data confirmed that V-BAP
treatment was not simply affecting cell metabolic rates, which the MTT assay would also

detect, but was inhibiting osteosarcoma cell proliferation and survival.



In the absence of drug treatment, MG63 cells and human MSCs had a migratory phenotype,
with increased trajectory lengths and migratory speeds when compared with SAOS2 cells
(Figure 3A). However, cell migration was inhibited for all cell types following treatment with
V-BAP. For MG63 cells only, the inhibitory effect of V-BAP treatment on trajectory length

was significant (Figure 3B).

The lipogenic enzymes fatty acid synthase (FASN) and stearoyl CoA desaturase (SCD-1)
are elevated in human osteosarcoma cells compared with MSC and down-regulated
after V-BAP treatment

Immunoblotting of cell extracts demonstrated that FASN and SCD-1 levels were very low or
non-detectable in human MSCs compared with the osteosarcoma cell lines (Figure 4).
However, following 48 hours of V-BAP High treatment there was a significant decrease in
FASN and SCD-1 in SAOS2 and MG63 cell lines (Figure 5). At this time point post-
treatment, the V-BAP treated and control SAOS2 and MG63 culture viabilities were not

significantly different and greater than 95% cells were viable in all cases.

Discussion

A combinatorial drug regime of BEZ and MPA (BaP) was recently demonstrated to target
AML and endemic Burkitt’s lymphoma with little effect on the survival of normal adult
haemopoietic progenitor cells "®. In addition, the histone deacetylase (HDAC) inhibitor,
VPA, was reported to reduce the growth-inhibitory and cytotoxic effects of doxorubicin in
osteosarcoma cell lines *®. Therefore, we hypothesised that a similar drug regime of BEZ and
MPA combined with VPA may selectively target osteosarcoma cells, whilst preserving their
non-transformed cell counterparts, i.e. human MSCs. Following individual drug treatments

for 5 days (120 hours), BEZ and VPA treatments alone significantly reduced SAOS2 and



MG63 cell viability to a greater extent than treatments with MPA alone, in a concentration-
dependent manner. We then combined BEZ and MPA treatments in doubling dilutions that
mimicked those previously reported as effective against haemopoietic cells “*"*° with the
addition of a single concentration of VPA (0.6mM) that is clinically safe and effective as an
anti-convulsant °. Combinatorial treatments with BEZ, MPA and VPA (V-BAP) inhibited the
growth of SAOS2 and MG63 cells to a greater extent than single treatments with each drug
alone, in a BaP concentration-dependent manner, whilst still having much less effect on the
growth of human MSCs. For the V-BAP drug combination, the concentrations of VPA and
MPA that were effective in inhibiting SAOS2 and MG63 cell proliferation, i.e., 0.6 mM VPA
and up to 10uM MPA, respectively, are very likely to be achievable in humans, although the
detailed pharmacokinetics for combination therapies have not been performed. In paediatric
Burkitt’s lymphoma, treatment of patients with BEZ at levels that are likely equivalent to
those concentrations of <0.5mM BEZ that were used in this in vitro study, i.e., at 400mg per
day, also were well tolerated °. However, higher doses of BEZ can be problematic,
particularly in older patients with poor kidney function, as was seen more recently in a BaP
dose escalation study %. Therefore, the development of \/-BAP as a potential therapeutic for
patients with osteosarcoma would require careful examination of drug tolerance and dose
escalation and monitoring of creatinine kinase levels and estimated glomerular filtration rate.

Live cell imaging and lineage tracking experiments demonstrated that in control conditions,
human MSCs were relatively slow to proliferate, but remained viable throughout the culture
period and exhibitory a migratory phenotype. As expected, SAOS2 and MG63 osteosarcoma
cells in control conditions proliferated more rapidly, also remaining viable throughout the
culture period. MG63 cells exhibited a similar migratory phenotype to human MSCs, whilst
the SAOS2 cells were the least migratory — with both a relatively short trajectory distance

and slow migratory speed. Following treatment with V-BAP, both the numbers of viable



SAOS2 and MG63 cells dividing during the culture period and the migration of these cells
were reduced. For both of the osteosarcoma cell lines, the inhibitory effects of V-BAP on
viable cell division were concentration-dependent and significantly different to any effects on
human MSCs, for which there was no significant effect. Cell migration was reduced for all
cell types, but only significantly so for MG63 cells. Hence, this study has demonstrated proof
of concept that combined BEZ, MPA and VPA treatment has deleterious effects on the
growth and migration of human osteosarcoma cells without adversely affecting non-
transformed human MSCs.

The mechanisms of action of V-BAP in targeting osteosarcoma cells are likely to be complex
and warrant subsequent studies. VPA has been used in clinical practice as an anticonvulsant
for more than four decades #* and at higher doses is known to function as a HDAC inhibitor °,
which can result in general hyperacetylation of histones and increased transcriptional activity
through relaxation of DNA conformation ?. Khanim et al., (2009) reported that BAP
treatment of AML cells increased pools of prostaglandin D, (PGD,) via: (i) MPA-mediated
inhibition of the PGD, metabolising enzyme Aldo-Keto Reductase (AKR) 1C3, and (ii)
increased PGD, synthesis through the isoprostane pathway, which was resultant from BEZ-
induced reactive oxygen species (ROS) generation and lipid peroxidation ’. In the absence of
AKRIC3 activity (blocked by MPA) PGD2 spontaneously generates 15-deoxy A
Yorostaglandin J, (15d-PGJ,) 7, an endogenous ligand for peroxisome proliferator-activated
receptor-y (PPARY). Increased activation of PPARy by 15d-PGJ, and other ligands has been
associated with growth inhibition and increased apoptotic cell death in a wide variety of
malignancies ?°. For example, ROS-induced 15d-PGJ, synthesis in SAOS2, MG63 and U2
OS osteosarcoma cells, resulted in cell cycle inhibition **. Treatment of chondrosarcoma cells
with the selective PPARy ligand pioglitazone or 15d-PGJ; also inhibited their proliferation

and induced apoptosis in a dose-dependent manner ?*. The action of 15d-PGJ, was more



potent than pioglitazone which may reflect additional non-PPARy-dependent actions of this
electrophilic prostanoid that also covalently modifies nucleophiles, such as the free cysteine
residues of proteins %. Another study identified that 15d-PGJ, induced chondrosarcoma cell
apoptosis is associated with down-regulation of the anti-apoptotic gene Bcl-xL and up-
regulation of pro-apoptotic gene Bax 2. Ewing’s sarcomas, again thought to derive from
MSC transformation “°, are sensitive to TRAIL through binding to death receptor 5 (DR5) %’
It is therefore important to note that in Jurkat lymphoma and prostate cancer cells, 15d-PGJ,
elevation was associated with PPARy independent increases in protein levels of DR5
mediated by mRNA stabilization, potentiating TRAIL-induced apoptosis .

We have shown here that FASN and SCD-1 levels are much greater in SAOS2 and MG63
cells compared to normal human MSCs and these elevated levels decreased significantly
following V-BAP treatment. FASN is a putative diagnostic indicator for osteosarcoma and its
inhibition induces cell growth arrest, apoptosis and reduced cell migration in U2-OS
osteosarcoma cells #°. In addition, increased levels of SCD-1 are associated with a poor
prognosis for patients with soft tissue sarcomas *. Hence, changes in ROS, PPARy-
dependent and PPARy-independent activities of 15d-PGJ, and altered monosaturated
lipogenesis each represent plausible combinatorial mechanisms for the selective action of V-
BAP against osteosarcoma cells when compared to non-transformed MSCs.

In summary, this study has demonstrated that a novel drug combination, V-BAP,
significantly inhibited the growth and viability of human osteosarcoma cells compared with
non-transformed human MSCs. This supports the concept that drug combination and re-
deployment strategies that have shown promise in the targeted treatment of one form of

human cancer may well have application in the treatment of different forms of cancer.



Methods

Cell culture: Human MSCs were obtained from excised human knee fat-pad tissue following
donor informed consent and ethical approval (12/EE/0136; National Research Ethics Service
(NRES) Committee, East of England Hertfordshire). The experiment protocol for the
research involving humans and donated tissues was in accordance with NRES guidelines
following ethical approval and the Declaration of Helsinki. The adipose tissue was washed
and digested with collagenase and MSCs selected according to their preferential adhesion to
tissue culture plastic before culture expanding in DMEM/F12 culture medium supplemented
with 10% fetal calf serum (FCS) and 1% penicillin and streptomycin (standard culture
medium, all Gibco, Fisher Scientific, Loughborough, UK) in a humidified atmosphere at
37°C and 5% CO,. Stock cultures of MSCs, SAOS2 and MG63 osteosarcoma cells were
maintained by routine passaging at 70% confluence and re-seeding into fresh culture flasks at
a density of 5x10° cells/cm?. We have shown previously ** that these adipose-derived MSCs
exhibit the necessary characteristics in terms of plastic adherence, CD immunoprofile and
differentiation capacity to be recognised by the International Society for Cell Therapies as
MSCs **.

Drug treatments: BEZ, MPA and VPA (all Sigma-Aldrich Ltd., Dorset, UK) were stored at -
20°C as stock concentrations of 102M (in dexamethasone, ethanol or cell culture dH,O,
respectively). After thawing, these were diluted to final concentrations as indicated in the
results section in standard culture medium. Identical dilutions of solvent carrier(s) alone were
used in control cultures. Human MSCs, SAOS2 or MG63 cells were seeded in standard
culture medium in 48 or 96 well plates at a density of 5x10° cells/well and left to adhere
overnight. After this time, the culture medium was replaced with drug-supplemented or
control culture medium and cells cultured for a further 120 hours in a humidified atmosphere

at 37°C and 5% CO..



Cell viability assays: Staining with tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT,; Sigma-Aldrich Ltd) and DRAQ7™ (Bio Status Ltd,
Leicestershire, UK) was used to measure metabolically active (viable) cell numbers, adapting
methods previously reported *°. For the MTT assay, the enzymatic formation of formazan
was measured by spectrophotometry at 492nm, corrected for background values at 650nm,
and these values have been presented normalised to the mean control values. Viability was
further assessed by DRAQ7™ (Abcam Ltd., Cambridge, UK), a fluorescent dye that stains
permeabilised dead/dying cells without adversely affecting viable cells. DRAQ7™
incorporation was quantitated using the Cell-1Q system during live-cell imaging and lineage
tracking, as described below.

Live cell image capture and analysis: Live-cell imaging and analysis were conducted using
the Cell-1Q Imagen live-cell imaging platform and Cell-1Q Analyser image analysis software
(Cell-1Q version 2, CM Technologies Oy, Tampere, Finland), which performs continuous
live-cell imaging of cells maintained within an incubator under intermittent phase contrast
and fluorescence microscopy. Upon selection of desired regions of interest (ROI), the system
was used to collect digitised images over time. For lineage tracking, the Cell-IQ Analyser
Manual Cell Lineage-Tracking tool was used to track individual cells of each cell type
throughout the culture period, i.e. for each experiment using human MSCs, SAOS2 and
MG63 cells, where the mean numbers of cells examined in each experiment were 35 + 11, 92
+ 17 and 62 + 18 (mean * standard error of the mean), respectively. The proliferation and
migration of cells was assessed using the same collected digitised images and software,
where we measured: (i) the number of viable cell divisions; (ii) the trajectory distance; (iii)
the migratory speed of viable cells for human MSCs, SAOS2 and MG63 cells throughout the

culture period.



Western blotting: Immunoblotting for the lipogenic enzymes, FASN and SCD-1, was
performed as described previously *°. In brief, V-BAP treated and control sub-confluent
(80%) cultures of SAOS2, MG63 cells and human MSCs were harvested after 48 hours by
trypsinisation and pelleted by centrifugation. Following suspension in phosphate buffered
saline (PBS) and re-pelleting, cell extracts were prepared by lysis using
radioimmunoprecipitation assay (RIPA) buffer. Thirty micrograms of protein for each cell
sample was combined with Laemmli 4x loading dye (Bio-Rad, Fisher Scientific Ltd.) and
10% beta-mercaptoethanol (Sigma-Aldrich Ltd.) and heated for 5 minutes at 70°C. Cell
extracts were separated using SDS-PAGE precast gradient gels (4%-15%; Bio-Rad), proteins
transferred to Immobilon-P membrane (Millicorp, Sigma-Aldrich Ltd.). Membranes were
sectioned in two parts at ~60KDa, the lower half probed with 1/1,000 dilutions of anti-SCD-1
(ab19862; Abcam Ltd.), and the upper half with anti-ACC1 (4190; New England Biolabs
Ltd.), anti-phospho-ACC Ser79 (11818; New England Biolabs Ltd.), and anti-FASN
(ab22759; Abcam Ltd). The lower half of the membrane was probed with anti-f-actin
antibodies (SigmaAldrich Ltd) diluted at 1/25,000 as loading control. Densitometry was
performed using Imagel software (http://rsb.info.nih.gov/ij/) and protein expression
normalized to -actin.

Statistical analysis: At least 3 independent experiments were performed for all data shown,
i.e., testing the effects of single treatment and drug combinations on human MSC cultures
from at least 3 different donors and testing the SAOS2 and MG63 cell lines on at least 3
independent occasions. Data was tested for normal distribution and 2-way ANOVAs used to
examine the significance of drug treatments on viable cell number, cell division and cell
migration with post-hoc Tukey tests or t tests applied to examine differences between
individual groups and concentrations. Data has been shown as meanststandard error of the

mean (SEM); p values of <0.05 were considered significant.



Acknowledgements
This study was funded by the BBSRC (BB/H016570/1 to JJS and WEJ) and by Blood Cancer

UK (to FLK and CMB).

Competing interests

The author(s) declare no competing interests.

Availability of materials and data
Data generated and analysed during this study are included in this published article. Data and
materials are available from the corresponding author subject to reasonable request and

subject to the ethical approvals in place and material transfer agreements.

Author Contributions Statement
JJS, FLK, CMB and WEJ designed the study. JJS and WEJ wrote the main manuscript text. JJS, ADS,
MAE and WEJ prepared the figures. MDS provided human material. All authors reviewed the

manuscript.

References:

1 Mirabello, L., Troisi, R. J. & Savage, S. A. Osteosarcoma incidence and survival rates
from 1973 to 2004. Cancer 115, 1531-1543, doi:10.1002/cncr.24121 (2009).

2 Ta, H. T., Dass, C. R., Choong, P. F. M. & Dunstan, D. E. Osteosarcoma treatment:
state of the art. Cancer and Metastasis Reviews 28, 247-263, doi:10.1007/s10555-
009-9186-7 (2009).

3 Mirabello, L., Troisi, R. J. & Savage, S. A. International osteosarcoma incidence
patterns in children and adolescents, middle ages and elderly persons. International
Journal of Cancer 125, 229-234, doi:10.1002/ijc.24320 (2009).

4 Chong, C. R. & Sullivan, D. J. New uses for old drugs. Nature 448, 645-646,
doi:http://www.nature.com/nature/journal/v448/n7154/suppinfo/448645a_S1.html
(2007).



10

11

12

13

14

15

16

17

18

19

Gurvich, N., Tsygankova, O. M., Meinkoth, J. L. & Klein, P. S. Histone deacetylase
is a target of valproic acid-mediated cellular differentiation. Cancer Res 64, 1079-
1086 (2004).

Wang, C. K., Yu, X. D,, Li, Q., Xie, G. & Teng, Y. Chloroquine and valproic acid
combined treatment in vitro has enhanced cytotoxicity in an osteosarcoma cell line.
Asian Pacific Journal of Cancer Prevention : APJCP 14, 4651-4654 (2013).

Khanim, F. L. et al. Combined Bezafibrate and Medroxyprogesterone Acetate:
Potential Novel Therapy for Acute Myeloid Leukaemia. PLoS ONE 4, e8147,
doi:10.1371/journal.pone.0008147 (2009).

Murray, J. A. et al. Combined bezafibrate and medroxyprogesterone acetate have
efficacy without haematological toxicity in elderly and relapsed acute myeloid
leukaemia (AML). British Journal of Haematology 149, 65-69, doi:10.1111/j.1365-
2141.2009.08055.x (2010).

Molyneux, E. et al. Bezafibrate and medroxyprogesterone acetate in resistant and
relapsed endemic Burkitt lymphoma in Malawi; an open-label, single-arm, phase 2
study (ISRCTN34303497). British Journal of Haematology 164, 888-890,
doi:10.1111/bjh.12681 (2014).

Southam, A. D. et al. Drug Redeployment to Kill Leukemia and Lymphoma Cells by
Disrupting SCD1-Mediated Synthesis of Monounsaturated Fatty Acids. Cancer
Research 75, 2530-2540, doi:10.1158/0008-5472.can-15-0202 (2015).

Yen, C. C. et al. Cytotoxic effects of 15d-PGJ2 against osteosarcoma through ROS-
mediated AKT and cell cycle inhibition. Oncotarget 5, 716-725 (2014).

Shen, Z.-N. et al. Suppression of chondrosarcoma cells by 15-deoxy-A12,14-
prostaglandin J2 is associated with altered expression of Bax/Bcl-xL and p21.
Biochemical and Biophysical Research Communications 328, 375-382,
doi:http://dx.doi.org/10.1016/j.bbrc.2004.12.186 (2005).

Dominici, M. et al. Minimal criteria for defining multipotent mesenchymal stromal
cells. The International Society for Cellular Therapy position statement. Cytotherapy
8, 315-317, d0i:10.1080/14653240600855905 (2006).

Dominici, M. et al. Minimal criteria for defining multipotent mesenchymal stromal
cells. The International Society for Cellular Therapy position statement. Cytotherapy
8, 315-317, doi:doi:10.1080/14653240600855905 (2006).

Huang, K. T., Chen, Y. H. & Walker, A. M. Inaccuracies in MTS assays: major
distorting effects of medium, serum albumin, and fatty acids. BioTechniques 37, 406,
408, 410-402 (2004).

Wittenburg, L. A., Bisson, L., Rose, B. J., Korch, C. & Thamm, D. H. The histone
deacetylase inhibitor valproic acid sensitizes human and canine osteosarcoma to
doxorubicin.  Cancer = Chemotherapy and  Pharmacology 67, 83-92,
d0i:10.1007/s00280-010-1287-z (2011).

Bunce, C. M. et al. Potentiation of myeloid differentiation by anti-inflammatory
agents, by steroids and by retinoic acid involves a single intracellular target, probably
an enzyme of the aldoketoreductase family. Biochimica et Biophysica Acta (BBA) -
Molecular Cell Research 1311, 189-198, doi:https://doi.org/10.1016/0167-
4889(96)00005-5 (1996).

Fenton, S. L. et al. Clofibric acid: a potential therapeutic agent in AML and MDS.
British Journal of Haematology 105, 448-451, doi:10.1111/j.1365-2141.1999.01355.x
(1999).

Fenton, S. L. et al. Fibrates and medroxyprogesterone acetate induce apoptosis of
primary Burkitt's lymphoma cells and cell lines: potential for applying old drugs to a
new disease. Leukemia 17, 568-575 (2003).



http://dx.doi.org/10.1016/j.bbrc.2004.12.186
https://doi.org/10.1016/0167-4889(96)00005-5
https://doi.org/10.1016/0167-4889(96)00005-5

20

21

22

23

24

25

26

27

28

29

30

Murray J., et al. Single arm phase Il trial assessing the safety, compliance with and
activity of Bezafibrate and medroxyProgesterone acetate (BaP) therapy against
myeloid and lymphoid cancers. Contemp Clin Trials Commun. 2019;14:100361.
Nevitt, S. J., Sudell, M., Weston, J., Tudur Smith, C. & Marson, A. G. Antiepileptic
drug monotherapy for epilepsy: a network meta-analysis of individual participant
data. Cochrane Database of Systematic Reviews,
d0i:10.1002/14651858.CD011412.pub3 (2017).

de Ruijter, A. J., van Gennip, A. H., Caron, H. N., Kemp, S. & van Kuilenburg, A. B.
Histone deacetylases (HDACs): characterization of the classical HDAC family. The
Biochemical Journal 370, 737-749, doi:10.1042/BJ20021321 (2003).

Rumi, M. A. et al. Peroxisome proliferator-activated receptor gamma ligand-induced
growth inhibition of human hepatocellular carcinoma. British Journal of Cancer 84,
1640-1647, doi:10.1054/bjoc.2001.1821 (2001).

Nishida, K. et al. Inhibition of human chondrosarcoma cell growth via apoptosis by
peroxisome proliferator-activated receptor-y. British Journal of Cancer 86, 1303-1309
(2002).

Shibata, T. 15-Deoxy-Delta(1)(2),(1)(4)-prostaglandin J(2) as an electrophilic
mediator.  Bioscience, Biotechnology, and Biochemistry 79, 1044-1049,
d0i:10.1080/09168451.2015.1012149 (2015).

Riggi, N. et al. Development of Ewing's Sarcoma from Primary Bone Marrow-—
Derived Mesenchymal Progenitor Cells. Cancer Research 65, 11459-11468,
doi:10.1158/0008-5472.can-05-1696 (2005).

Mitsiades, N., Poulaki, V., Mitsiades, C. & Tsokos, M. Ewing’s Sarcoma Family
Tumors Are Sensitive to Tumor Necrosis Factor-related Apoptosis-inducing Ligand
and Express Death Receptor 4 and Death Receptor 5. Cancer Research 61, 2704-2712
(2001).

Nakata, S. et al. 15-Deoxy-A'***-prostaglandin J, induces death receptor 5 expression
through mRNA stabilization independently of PPARY and potentiates TRAIL-induced
apoptosis. Molecular Cancer Therapeutics 5, 1827-1835, doi:10.1158/1535-
7163.mct-06-0023 (2006).

Wang, T. F. et al. Inhibition of fatty acid synthase suppresses U-2 OS cell invasion
and migration via downregulating the activity of HER2/PI3K/AKT signaling pathway
in vitro. Biochem Biophys Res Commun 440, 229-234,
d0i:10.1016/j.bbrc.2013.09.024 (2013).

Takahashi, H. et al. Macrophage migration inhibitory factor and stearoyl-CoA
desaturase 1: potential prognostic markers for soft tissue sarcomas based on
bioinformatics analyses. PLoS One 8, 78250, doi:10.1371/journal.pone.0078250
(2013).



Figure legends

Figure 1. Combined treatments with V-BAP selectively inhibited SAOS2 and MG63
osteosarcoma cell proliferation.

MTT assays of viable cell numbers were performed after 120 hours of culture in the presence
of increasing concentrations of (A) BEZ, (B) MPA and (C) VPA as single drug treatments.
Cells are designated as follows: SAOS2: orange, MG63: red, human MSCs: green. . (D) Drug
combinations of VPA (0.6mM) with increasing concentrations BEZ and MPA (termed, V-
BAP). Data shown as meantSEM (n=3 independent experiments) **p<0.01, ***p<0.001.
Significant differences between both osteosarcoma cell lines and human MSCs have been

indicated only.

Figure 2. V-BAP treatment induced cell death and significantly inhibited SAOS2 and
MG63 cell division with minimal effect on human MSCs.

(A) Representative digitised images of human MSCs, SAOS2 and MG63 cells within control
conditions at 0 hours (top panels) and at 120 hours culture in control (upper middle panels)
versus V-BAP High [1mM BEZ, 10uM MPA, 0.6mM VPA] treated conditions (lower middle
panels). Non-viable DRAQ7™ stained cells appear blue. (B) Representative lineage trees of
human MSCs (green), SAOS2 (orange) and MG63 cells (red) tracked over 120hrs of culture
in control conditions (top panels) versus V-BAP Low [0.5mM BEZ, 5uM MPA, 0.6mM
VPA] (middle panels) and V-BAP High [ImM BEZ, 10uM MPA, 0.6mM VPA] (bottom
panels) treatment conditions. Lineage termination prior to the end of 120 hours indicates cell
death (determined by DRAQ7™ staining). (C) The numbers of viable cell divisions in control
versus V-BAP Low and V-BAP High treatments over 120 hours. Data shown as means+SEM

(n=3 independent experiments), *p<0.05, **p<0.01, ***p<0.001.



Figure 3. V-BAP treatment inhibited cell migration.

(A) Representative centred trajectory plots illustrate the trajectory paths of multiple human
MSCs, SAOS2 and MG63 cells over 120hrs of treatment in control (top panels) and V-BAP
High [ImM BEZ, 10uM MPA, 0.6mM VPA] (bottom panels) treatment conditions. (B) The
trajectory lengths (left graph) and migratory speeds (right graph) of human MSCs (green),
SAOS2 (orange) and MG63 (red) cells in control versus V-BAP Low [0.5mM BEZ, 5uM
MPA, 0.6mM VPA] and V-BAP High [ImM BEZ, 10uM MPA, 0.6mM VPA] treated

cultures. Data shown as means+SEM (n=3 independent experiments), *p<0.05, **p<0.01.

Figure 4. SAOS2 and MG63 osteosarcoma cells express greater levels of FASN and
SCD-1 compared to human MSCs.

(A). Representative immunoblots of cell extracts for FASN and SCD-1 from human MSCs
(n=3 donors shown), SAOS2 and MG63 cells. (B) Scanning densitometry of FASN and

SCD-1 protein levels. Data shown as means + SEM (n=3 experiments), *p<0.05, **p<0.01.

Figure 5. V-BAP treatment down-regulated FASN and SCD-1 levels in SAOS2 and
MG63 osteosarcoma cells.

Cell lysates were prepared for SAOS2 (A) and MG63 (B) cells treated for 48 hours with
either control versus V-BAP High [ImM BEZ, 10uM MPA, 0.6mM VPA]. Proteins were
separated on gradient SDS-PAGE. After transfer, membranes were cut in half and the upper
half probed for FASN. The lower half of the membrane was probed for SCD1 and [-actin as
loading control Representative western blots are shown together with bar charts of

means+SEM of n>3 experiments. Significance is denoted by *p<0.05, **p<0.01.



Supplementary Figure 1. All SDS-PAGE and Western blotting performed to determine
FASN and SCD-1 levels in cell lines.

The original images from all experiments performed to generate data shown in Figure 4 and
Figure 5 have been shown as un-cropped images, with individual single or paired (control
versus VBAP treatment) lanes that were used in main Figures highlighted. Note that for all
blots, the membranes were cut at 100kD with the upper section probed with antibodies for

FASN or SCD-1 and the lower section (0-100kD) probed with antibodies for f—actin.

Supplementary Figure 2. V-BAP treatment more effectively inhibited SAOS2 and
MG63 osteosarcoma cell proliferation than BaP treatment.

MTT assays of viable cell numbers were performed after 120 hours of culture in the presence
of increasing concentrations of BEZ and MPA in V-BAP compared with BaP alone. Data
shown as meanSEM (a minimum of n=3 independent experiments) **p<0.01, ***p<0.001.
Post-hoc analysis for significant differences between V-BAP versus BaP at each

concentration have been indicated.
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