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Previous research has indicated that pterostilbene (PTE), one of the

plant-derived polyphenols, suppressed the proliferative ability of osteosarcoma (0S) cell lines in a
dose dependent manner, and the stem cell characteristics such as stem cell markers of Oct, CD44 and
NS expression as well as sphere-forming ability. The current research revealed that the mechanism
was found to be due to OXPHOS suppression and consequently reduction of ATP production by
suppressing complex V activity as a result of an increase in ROS production in mitochondria. In
addition, it was shown that tethering of mitochondria and endoplasmic reticulum via PDZD8 is
involved in this process. Furthermore, PTE shows a synergistic effect with cMyc inhibitors such as
honokiol, JQ1, 0TX018, these results su?gest that might be novel therapeutic agents against cancer
stem cells in 0S targeting mitochondrial metabolism.
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Initial Background of the Project ( )

Sarcomas, malignant neoplasms of mesenchymal origin such as osteosarcoma and
undifferentiated pleomorphic sarcoma (formally known as malignant fibrous histiocytoma), are
relatively rare and still remain as ones of the tumors that are difficult to be cured. Complete
surgical removal with the wide marginal fashion is the first priority for the treatment with or
without chemotherapy, but 30 - 40% of the patients are suffering from either local or distant
relapses, and die of the disease eventually. Conventional chemotherapy has improved the
prognosis of sarcoma patients, but certain types of sarcomas are resistant to chemotherapy and
few treatment options are left. Limited efficacy of the chemotherapeutic agents or
radiotherapy is mainly due to the presence of heterogeneity in the tumor.

This research aims to develop a conceptual framework for a broad-spectrum approach to
therapeutics that can impact many pathways of sarcoma growth, and this can be achieved by
combining the principles of rational-drug design with a combination of low-toxicity agents,
predominantly from natural sources. The approach has also the potential to be both efficacious
and cost effective. This research is conducted as a part of the international collaboration study
for the Getting-To-Know-Cancer project in Halifax, Canada (Leroy Lowe, President & Co-

founder).

Aims of the Project ( )

Primary motivations of this translational research for development of a broad-spectrum,
limited-cost approach are the recent success yet limitations of current targeted therapies and
the personalized medicine paradigm they represent. Molecular target therapies have
revolutionized the treatment of cancer, and pazopanib is the one that we can use for the
treatment of advanced sarcomas. However, because of genetic diversity and instability among
sarcoma cells, as well as the multiple compensatory growth pathways, malignant cells persist
and eventually multiply, resulting almost inevitably in relapses. Actually, pazopanib can only
prolong the progression free survival for 3 - 4 months in sarcoma patients even though it costs
very high (van der Graaf WT et al. Lancet 2012, 379:1879-86).

Cancers routinely evolve resistance to treatment through switching from one growth pathway
to another, based on this genetic heterogeneity and sarcomas are not exceptional. Our broad-
spectrum strategy aims to stem tumor growth by targeting of many disease-specific pathways
simultaneously, in contrast to the limited number of actionable targets that have recently
become the norm (Figure 1). This broad-spectrum approach, including chemotherapeutics such
as natural products with low toxicity that would target many cancer growth pathways, is not
proposed as a remedy to all of the shortcomings of conventional cancer therapy.

Rather, we see this approach as one that is complementary to existing therapies, preferably
within the context of a genuinely integrative clinical system. Clinical situations in which such
an approach could be useful include as a follow-up to conventional adjuvant treatment; in
situations of the disease stages for which no accepted treatments exist; for patients who

experience relapse or progression after targeted treatment; in hospice or palliative care



patients where low- or non-invasive strategies are a legitimate and humane option; and in
situations in which high-cost agents cannot be obtained. The design of such approaches and
agents poses a substantial challenge, and it requires a theoretical basis. To accomplish this task,

we use the hallmarks of cancer as a broad organizing framework.
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(Figure 1, quoted from The Getting-To-Know-Cancer)
In this research, we will develop the novel treatment strategy against sarcomas identifying
the effects of combinational natural compounds such as resveratrol and its derivative
pterostilbene, curcumin, genestein, epigallocatechin-3-gallate etc. that are targeting multiple
pathways involved in sarcomagenesis, which is based on the results of our previous work (Honoki
K, ISRN Oncology, 2012) and the results of the cross-validation study in the Getting-To-Know-
Cancer project (that started in 2012 in Halifax, Canada, and articles from the project will
appear in the special issue of ‘Seminars in Cancer Biology’ as listed in the Research Achievement
section below). The research will focus on the effects, bioavailability (via oral or
intravenous/intraperitoneal injection), safety (highest effectiveness with low toxicity), as well
as cancer cell specificity.

Principal applicant has been participated in the Getting-To-Know-Cancer project as a team
leader of cross-validation (http://www.gettingtoknowcancer.org/). This research will be
conducted in a part of the international collaboration study for the project. Other collaborators
in overseas will perform researches on other types of cancer including lymphoma and

carcinomas.

Materials & Methods ( )

In the first study, we have focused on the cellular metabolism as one of the targets of broad
spectrum approach to combat against sarcoma. Mitochondria are the places for the energy
production of the cells, while reactive oxygen species (ROS) are also produced alongside of the
ATP production. In recent years, it has been reported that cancer stem cells metabolize
predominantly through oxidative phosphorylation (OXPHOS) rather than glycolysis in certain
cancer cells. Targeting OXPHOS achieved by suppression of ATP synthesis through mitochondrial
ATP synthase could be a potential therapeutic option against cancer stem cells.

Using human OS cell lines of Sa0S2, U20S and MG63 cells, cell survival and the ability of sphere
formation was assessed with or without PTE by MTS assay, and the expression of stem cell

markers mRNA such as Oct3, NS, CD44 was examined by RT-PCR. Next, the activity of



mitochondrial ATP synthase, mitochondrial respiration capacity of oxygen consumption rate
using metabolic flux analyzer, and the amount of ATP as well as ROS production were measured
under the treatment of PTE. Furthermore, we examined the synergistic effect of PTE with cMyc
inhibitors of JQ1 or Honokiol (HNK). We then evaluated the role of PDZD8, which is associated
with the tethering of endoplasmic reticulum (ER) and mitochondria, assessing cell viability,
oxygen consumption rates and ROS generation by PTE treatment in combination with the knock-
down of PDZD8 (PDZD8KD).

In another study, we have focused on another target which is involved in tumor cell - stromal
interaction. Endosialin/CD248/TEM1 is classified as a C-type lectin-like transmembrane
receptors, found on the plasma membrane of activated mesenchymal cells and binds to
fibronectin. Although endosialin is expressed at high levels in stem-like cells of sarcomas, its
role has not been fully uncovered. We investigated whether endosialin has the potential to be
a novel therapeutic target in osteosarcoma (OS) using MORAb-004/0ntuxizumab, a humanized
monoclonal antibody, which targets type C lectin domain of endosialin. Firstly, we examined
the expression of enodosialin/CD248 in clinical specimens from surgical materials by
immunohistochemistry. Then, we conducted the in vitro experiments using human
osteosarcoma cell lines as described above. We evaluated the effect of MORAb-
004/0ntuxizumab, assessing cell viability with MTS assay and stem cell properties such as stem
cell markers expression and sphere forming ability as well as invasion/migration ability in the

presence of fibronectin.

Results & Outcomes ( )

In the first study, we have found that PTE treatment on human OS cell lines reduced the
viabilities of all cell lines in dose-dependent manner and expression of stem cell marker and
the ability of sphere formation were also decrease in terms of sphere number and size. PTE
reduced the activity of FOF1-ATP synthase; Complex V predominantly, and the mitochondrial
oxygen consumption rates and synthetic amount of ATP were also decreased in spheroid
condition. These results suggest that PTE possibly targets stem cell population which preferably
relies on OXPHOS, suppressing ATP synthesis via FOF1-ATP synthase inhibition as well as
increased ROS production in OS cells and changes metabolic flax to glycolysis dependent feature

(Fig.2).
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The dual inhibition of OXPHOS by PTE and c-Myc inhibition by HNK or JQ1 showed the
synergistical inhibition of OS cell growth in a dose-dependent manner (Fig.3). PDZD8KD
regenerated the decreased mitochondrial oxygen consumption rates by PTE and decreased cell
viability through the increased ROS production suggesting that ER-mitochondria tethering by
PDzD8 controls function of mitochondria and ROS homeostasis.

In the second study, we have found that endosialin was significantly highly expressed in OS
cases with metastasis (Fig. 4). MORAb-004 had no cytostatic effect on OS cells in vitro, and did
not change the expression of stem cell and differentiation markers, however, inhibited invasion

and migration of OS cells (Fig 5).
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5. Discussion & Conclusions
Current study suggests that modulation of metabolic flux by c-Myc and OXPHOS inhibitors
showed a greater synergistic effect with ‘two metabolic hit’ or ‘dual metabolic inhibition’ of
distinct metabolic features and it could be a novel therapeutic strategy against osteosarcoma
in conjunction with conventional chemotherapy, possibly targeting both stem-like cell
population and general tumor cell population. In addition, the results indicating that endosialin
could play a role in invasion and migration and could be involved in metastatic process in OS
suggest that targeting endosialin could be the possible candidate to reduce the cell motility
and suppress invasion and a development of metastatic lesions in osteosarcoma patients.
These results could lead further insights for the treatment strategy against sarcomas which

would contribute to the improvement of the prognosis of the patients.
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