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ABSTRACT
OF THE THESIS OF

Fatima Adnan Tabikh for Master of Science in Biomedical Sciences
Major: Neuroscience

Title: Assessing the Effects of ONC206, ONC212. and Thymoquinone on Medulloblastoma
and Neuroblastoma Cell Models

Medulloblastoma (MB) and Neuroblastoma (NB) are among the most aggressive central and
peripheral nervous system tumors, respectively. They remain clinically challenging due to
their high recurrence rates, resistance to therapy, and long-term toxicities as side effects of
current treatment protocols.

This study assesses the effects of ONC206 and ONC212, two next-generation imipridones,
in addition to thymoquinone (TQ), a naturally derived therapeutic compound, on MB (D556
Med) and NB (SK-N-SH) cell models. Antiproliferative and cytotoxic properties were
investigated using MTT and Trypan Blue assays, while migratory and stemness potential
were examined through wound healing and sphere formation assays.

ONC206 and ONC212 significantly reduced the proliferation and viability of both MB and
NB cells in a dose-dependent manner, with ONC212 exhibiting promising potency at
nanomolar concentrations. TQ also displayed cytotoxic activity at higher micromolar
concentrations. Migration assays demonstrated that ONC206 and TQ inhibited NB cell
migration, whereas no significant effect was measured in MB cells. Preliminary sphere
formation experiments suggested potential suppression of stem-like properties for all three
compounds. These results provide evidence for the therapeutic potential of ONC206,
ONC212, and TQ in MB and NB, with ONC212 emerging as the most potent candidate.
Further investigations are needed to validate these observations and assess the translational
potential of these outcomes into clinical settings.
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CHAPTER 1

INTRODUCTION

1.1. Overview of Medulloblastoma

Medulloblastoma (MB) is an aggressive embryonal brain tumor originating from
undifferentiated embryonic cells that persist after fetal brain development. These cells
primarily reside in the ventricular zone and the external germinal layer of the cerebellum
[2]. MB is the second most common malignancy in pediatric populations, following
Leukemia [3]. It is also the most prevalent Central Nervous System tumor in children,
accounting for approximately 6 to 7% of these cases [4]. Annually, its incidence is 5 cases
per 1 million children and 0.05 cases per 100,000 adults. It most commonly happens during
the first decade of life and affects children in the 1-4- and 5-9-years age groups, with the
median age for diagnosis being 6 years. Generally, it is more present in males than females,
with a ratio of 1.8:1, although some genetic subtypes might not conform to this ratio.
Markedly, 18% of MB patients develop secondary tumors within 30 years of the initial
diagnosis [5]. Like most childhood cancers, there are no clear risks or causes for MB.
Although rarely, MB could be associated with genetic conditions that run in families such
as Gorlin Syndrome (nevoid basal cell carcinoma) and Turcot Syndrome (familial

adenomatous polyposis), which account for less than 5% of these cases [6].



BRAIN TUMOR

Figure 1. MRI of a Medulloblastoma in the Brain
(retrieved from National Cancer Institute [1])

1.1.1. Clinical Presentation

MB has a relatively high growth rate, as observed in the doubling time of its
representative cell lines in vitro. Its symptoms usually evolve over a period of weeks to
months. These are mainly related to cerebellar dysfunction and increased intracranial
pressure as a result of the tumor’s location in the cerebellum ( Figure 1) and the
obstruction of the cerebrospinal fluid (CSF) flow [6]. Headache, nausea and vomiting,
lethargy, and visual changes such as diplopia are the most common presenting concerns. In
cases where there is no obstruction of the CSF or fluid buildup in the brain, symptoms are
often related to nerve compression or localized inflammation around the tumor.
Leptomeningeal dissemination is also common and can result in cranial nerve palsies and
seizures. These symptoms can have a progressive onset, often resulting in a delayed

diagnosis [7]. Furthermore, diagnosis in infants is oftentimes late due to the extra space



created by open fontanelles and sutures in the skull; thus, minimizing the severity of
detectable symptoms [8]. In 20-30% of MB cases, metastasis is found to be present at the

time of diagnosis [9].

1.1.2. Current Treatments

The main treatment strategies for MB include surgery, radiation therapy, and
adjuvant chemotherapy. As for surgery, an important recommendation for all cases is
maximal safe surgical resection. In addition, postoperative radiation for patients, in whom a
gross total or near total resection is achieved, has been shown to improve overall survival
rates. Current standards of radiation therapy and medical treatment vary based on the risks
of recurrence and the expected neurocognitive effects of radiation [6]. Children with a
cerebellar tumor diagnosed at less than three years of age and who have been treated with
cranial radiation therapy have been shown to score less on the intelligence quotient (I1Q)
and motor domain testing than those who were nonradiated [10]. Accordingly, cranial
radiotherapy is contraindicated in clinical practice for patients who are less than three years
old due to the unacceptably high risk of severe neurocognitive impairment. Adjuvant
chemotherapy is recommended for nearly all patients as it has been demonstrated to
significantly improve outcomes when used in conjunction with surgery and craniospinal
radiation [6]. Early studies have explored the addition of different chemotherapy regimens
to craniospinal irradiation (CSI). Compared to CSI alone, adding chemotherapy improved
progression-free survival (PFS) and overall survival (OS) especially for patients with high
risk disease [11]. Chemotherapy is also particularly effective at the time of disease

recurrence, with both single agents and combination regimens leading to tumor shrinkage



and longer survival in children with MB. In addition, combinations such as lomustine
(CCNU), vincristine, and cisplatin have shown better response rates and longer intervals
before recurrence compared to single agents [12]. Recent advancements in MB treatment
are focused on optimizing chemotherapy protocols, especially for high risk and relapsed
cases, and exploring ways to reduce the long-term side effects of radiation therapy. For
average risk MB, a major goal of chemotherapy is to potentially allow for a reduction in
irradiation dosage, to alleviate neuropsychological and endocrinological effects. Current
clinical trials in high-risk disease are incorporating radio-sensitizing chemotherapy. For
children younger than three years, chemotherapy is used to delay or totally eliminate the
need for radiation [13].

Chemotherapy can have severe long-term side effects on medulloblastoma survivors
including acute myelotoxic effects and infections, lowering intelligence quotient (IQ)
levels, and potentiating the deleterious effects of radiation on children growth [14-16].
Therefore, the main challenge in the treatment of MB is the ability to balance between the
drug’s effectiveness and minimizing its long-term complications. Efforts are focused on

developing new agents with less nephrotoxicity compared to cisplatin-based regimens [13].

1.2. Overview of Neuroblastoma

Neuroblastoma (NB), a pediatric tumor arising from primitive neural crest cells, is
the most common extracranial solid tumor in children. It presents significant challenges for
pediatric oncologists while remaining an intriguing area of study for basic and translational
research. During embryogenesis, neural crest cells migrate from the neural tube to their

respective locations, where they differentiate to form the tissues and organs of the



peripheral sympathetic nervous system. Under pathological conditions, the neural crest
cells fail to migrate or differentiate normally, resulting in the formation of NB [17]. In total,
46% of NBs happen in the adrenal gland, 18% in other abdominal locations, 14% in the
posterior mediastinum or chest, and the remainder develop in other various locations [18].
The incidence of NB is estimated to be 10.5 cases in a million children under the age of 15
in North America and Europe. It is the cause of 15% of cancer deaths in children, while it
accounts for 7%-8% of pediatric cancers in general. This in fact corroborates NB’s severity
and poor prognosis. The 5-year survival rate for low- and intermediate-risk NBs is 100%

while it is diminished to 50% in high-risk NBs [19].

1.2.1. Clinical Presentation

NBs are a quite heterogeneous group with variable biological and clinical
characteristics. These include localized or widely disseminated diseases that resolve
spontaneously, low- to intermediate-risk tumors that can be surgically resected with or
without the need for chemotherapy treatment, and high-risk diseases which have severely
low prognosis. NB’s clinical presentation depends on tumor biology and certain clinical
features such as age and degree of metastasis. Adrenal primary tumors may appear as a
mass in the abdominal area, while tumors originating from sympathetic nerve roots produce
symptoms that vary according to their anatomical site of origin [20]. An abdominal NB can
lead to abdominal distention, loss of appetite, and weight loss due to mass effect. Thoracic
NBs are often detected by chest X-rays taken to evaluate dyspnea or upper respiratory tract
symptoms. Neck masses are typically hard and fixed, potentially causing tracheal

compression or leading to Horner's syndrome. Paraspinal tumors can affect the spinal



column causing spinal cord compression which may lead to several complications [21].
Metastasis is present at the time of diagnosis in approximately 65% of cases [22]. This can
cause diverse complications depending on the site of spread, including bone pain and
swelling, massive hepatomegaly with respiratory distress, bone marrow infiltration, and

neurological symptoms like ataxia [21].

1.2.2. Current Treatments

NB’s treatment involves a multifaceted approach including surgery, radiation, and
chemotherapy. Treatment strategies are mediated by risk stratification schemas, risk-based
therapeutic approaches, and the development of novel therapies for patients at high risk of
disease progression. Firstly, surgery plays an important role in NB’s management,
particularly for localized diseases, where surgery alone can achieve excellent survival rates
for low-risk patients. Radiation therapy is utilized for local control of the primary tumor in
cases with unfavorable biological characteristics [23]. NB is considered highly
radiosensitive [24]. Hyper fractionated radiotherapy is well-tolerated and may help local
control of high-risk NB together with dose-intensive chemotherapy and surgery. However,
radiotherapy to the primary tumor site may not be needed when tumors are fully excised at
diagnosis [25]. Chemotherapy is a key part of treatment, especially in cases of
intermediate- and high-risk NB [23]. For low-risk NB, chemotherapy may be omitted or
used as post-relapse therapy [26]. Induction chemotherapy regimens, given as the initial
phase to rapidly reduce tumor burden, typically combine agents such as anthracyclines,
alkylators, platinum compounds, and topoisomerase Il inhibitors. For high-risk NB,

treatment intensification, including myeloablative consolidation chemotherapy with stem
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cell rescue, has revealed improved outcomes compared to conventional chemotherapy
alone [23]. Dose intensity of chemotherapy has been correlated with response and survival
in metastatic NB, although the timing of myeloablation might be more influential than
chemotherapy intensity [26]. Moreover, immunotherapy, such as monoclonal antibodies
targeting the Disialoganglioside 2 (GD2) antigen combined with cytokines, plays a
significant role in improving outcomes for high-risk NB [27].

Resistance to conventional chemotherapy and radiotherapy remain the hallmark of
failure in managing the disease [23]. Developing novel therapies that can effectively
eliminate resistant cancer cell populations, including cancer stem cells, is crucial [26]. A
better understanding of the molecular biology of NB’s invasion and metastasis is needed to
develop targeted treatments that address these aggressive aspects of the disease. A major
focus for research is identifying novel drug targets and optimizing chemotherapy regimens,
incorporating advanced technologies like Omics tools to develop personalized treatment

strategies and overcome drug resistance [28].

1.3. Novel Anti-Cancer Therapeutics
1.3.1. Imipridones

Imipridones are a family of drugs that have emerged as promising candidates for
treating a diverse range of solid and hematologic cancers. ONC201 (Figure 2), the
prototype compound of the imipridone class, has a broad-spectrum cytotoxic activity across
several preclinical cancer models. It has advanced into phase 1 and 2 clinical trials for the
treatment of multiple malignancies, including leukemia, lymphomas, colorectal, prostate,

and breast cancers, as well as tumors of the central nervous system (CNS) [29]. It was first
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identified as TNF-Related Apoptosis Inducing Ligand (TRAIL)-inducing compound [30]. It
has clinically proven to have a favorable safety profile and encouraging performance at
prolonging patient survival, even in patients with advanced treatment-refractory solid
tumors [31]. These encouraging clinical findings have spurred the synthesis of imipridone
derivatives that share ONC201’s core chemical structure but feature modifications

conferring enhanced potency and signaling capabilities in preclinical models [29].

Figure 2: Chemical Structure of ONC201 (CID: 73777259)
Retrieved from PubChem [National Center for Biotechnology Information, 2025]. [32]

1.3.1.1. ONC206 Overview

ONC206 is a derivative of the imipridone family of anticancer treatments. It shares
the same core structure of ONC201 with enhancements to its structure by the addition of
halide substituents (2,4-diF-benzyl) giving it more signaling capabilities and potency [33]

[29] (Figure 3).
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Figure 3. Chemical Structure of ONC206 (CID: 134493611)
retrieved from PubChem [National Center for Biotechnology Information, 2025] [34].

1.3.1.2. ONC212 Overview

In parallel, ONC212 is another next generation imipridone derivative related to
ONC201. It is characterized by a 4-CF3-benzyl structure (Figure 4) and exhibits enhanced
properties compared to its predecessor. It is effective at nanomolar concentrations with a
broad therapeutic index due to a greater separation in toxicity between tumor and normal

cells [29].

Figure 4. Chemical Structure of ONC212 (CID 124085867)
retrieved from PubChem [National Center for Biotechnology Information, 2025] [35].
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1.3.1.3. Mechanism of Action

ONC206 and ONC212 exhibit their potent anticancer effects primarily by activating
the mitochondrial caseinolytic protease P (ClpP). This leads to the degradation of
mitochondrial proteins, including components of the electron transport chain, which
disrupts oxidative phosphorylation (OXPHOS) and depletes cellular ATP. Thus inducing
mitochondrial stress leading to the activation of the integrated stress response (ISR) and
ATF4 upregulation [36]. This in turn leads to cell cycle arrest and apoptosis [29]. ONC212
in turn demonstrates even higher affinity and structural complementarity to ClpP compared
to ONC201 due to its highly electronegative p-CF3 benzyl substituent that extends into
ClpP’s apolar pocket and enhances affinity with the protease [37]. In addition, ONC206
causes stronger reduction of ATP levels compared to ONC201.

ONC206 has shown anti-tumor efficacy in preclinical models across multiple cancer
types comprising colon cancer, melanoma, and serous endometrial cancer [30]. ONC212
has shown potent anti-tumor activity in preclinical studies, including those involving
models for uveal melanoma (UM) [38]. It has also been shown to selectively activate the G
protein-coupled receptor GPR132 highly expressed in leukemias and lymphomas, leading

to Goq signaling activation in acute myeloid leukemia (AML) [29].

1.3.1.4. Efficacy in CNS Cancers

ONC206 and ONC212 are noted for their ability to penetrate the blood-brain barrier
(BBB), making them suitable for treating malignant CNS cancers. ONC206 has entered
clinical trials for the treatment of central nervous system CNS neoplasms such as EGFR-

low glioblastoma. In preclinical studies, ONC212 displayed dual inhibition of
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mitochondrial OXPHOS and the glycine cleavage system SOG pathway, enhancing
apoptosis and reducing tumor size in glioblastoma models [29]. A recent study
demonstrated potent antitumor activity of ONC206 on NB cell lines [39]. Moreover, in a
study across multiple tumor cell lines, ONC212 demonstrated the highest cytotoxic
potency, followed by ONC206 and ONC201, with imipridones exhibiting greater efficacy

in the MYCN non-amplified NB cell line [40].

1.3.2. Thymoquinone

Herbal medicines demonstrate anticancer effects through diverse mechanisms
including apoptosis induction, immune activation, and microRNA regulation. Supported by
cutting-edge drug delivery systems, they offer promising, less toxic alternatives to
conventional chemotherapy [41]. Herbal therapy has been proven to offer antioxidant, anti-
inflammatory, and anticancer effects [42]. One of the most renowned natural compounds
that have been studied for anticancer properties is thymoquinone (TQ) (Figure 5). As a
bioactive compound of Nigella Sativa, also known as the black seed, TQ exhibits

anticancer activity through inhibition of cell proliferation, migration, and invasion [43].
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Figure 5. Chemical Structure of Thymoquinone (CID 10281)
retrieved from PubChem [National Center for Biotechnology Information, 2025]. [44]

1.3.2.1 Mechanism of Action

Emerging evidence suggests that TQ engages a plethora of molecular mechanisms
to exert its anticancer effects. It acts as an antioxidant, protecting normal cells from
oxidative stress, while at the same time inducing oxidative stress and apoptosis in cancer
cells. TQ targets DNA by binding cellular copper and leading to oxidative DNA breakage.
It also specifically targets cancer signaling pathways such as JAK2/STAT3, promotes cell
cycle arrest, and decreases cancer cell survival and drug resistance [45]. The
immunomodulatory activity of TQ is another key mechanism for its anticancer activity. It
helps promote the survival and function of CD8" T cells by suppressing tumor necrosis
factors, reducing the expression of genes that prevent cell death or promote angiogenesis,
and activating both intrinsic and extrinsic apoptosis pathways. It also appears to trigger

autophagy in glioblastoma cells [46].

16



1.3.2.2. Efficacy in Cancer

TQ has been proven to be efficient in targeting various cancer types, including liver,
colon, breast, renal, cervical, lung, ovarian, pancreatic, prostate, and skin tumors. It
suppresses cell proliferation, migration, metastasis/invasion, angiogenesis, colony
formation, and epithelial-mesenchymal transition (EMT), and also has been shown to
deplete tumor-associated resistant stem cell fraction [47]. TQ is potent in glioblastoma
where it interferes with multiple tumorigenic processes. It can sensitize glioblastoma cells
towards conventional cancer treatments and minimize therapy-associated toxic effects in
normal cells [48]. Furthermore, it reduces migration, adhesion, and invasion of
glioblastoma cells, decreases ERK phosphorylation, and reduces the secretion of matrix
metalloproteinases involved in tissue invasion [49]. Its volatile properties enables TQ to
reach the brain through the nasal route; thus, bypassing the BBB [48]. TQ inhibited MB
cell growth in a dose- and time-dependent manner by inducing G2/M arrest and oxidative
stress—mediated apoptosis, accompanied by ROS generation, NF-kB inhibition, modulation
of apoptotic regulators, and activation of caspase-3 and caspase-7 [3] . It also exhibited
potent cytotoxicity against Neuro-2a NB cells, selectively inducing G2/M cell-cycle arrest
and apoptosis via caspase-3 activation, p53/p21 upregulation, and downregulation of XIAP,

PCNA, cyclin B1, and Cdc2 [50].

1.4. Aim of the Study

MB and NB remain two of the most devastating pediatric tumors of the central and
peripheral nervous systems, respectively. Despite advancements in treatment protocols,

both malignancies remain clinically challenging given their high recurrence rates, high
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metastatic potential, resistance to conventional therapies that are associated with long-term
toxicities. This presents a compelling need for novel agents that are both effective and
better tolerated by the developing nervous system. This study aims to investigate the anti-
tumor potential of ONC206 and ONC212 — next generation imipridones — alongside TQ, a
naturally derived phytochemical with emerging anti-neoplastic properties. Through an
integrated in vitro approach using both two-dimensional (2D) monolayer and three-
dimensional (3D) spheroid cultures, this study aims to characterize the antiproliferative,
cytotoxic, anti-metastatic, and anti-stemness properties of these drugs on well-characterized
human cell line models for both MB (D556 Med) and NB (SK-N-SH). Studies have shown
evidence for the efficacy of ONC206 and TQ on MB and NB cell lines and recent studies
are emerging on the effect of ONC212 on NB in vitro. Therefore, part of our research will
be consolidating previous findings, while exploring the uninvestigated effect of ONC212

on MB.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Cell Culture

MB and NB cell lines D556 and SK-N-SH, respectively, were obtained from the
ATCC and maintained and cultured in DMEM-high glucose media (Sigma-Aldrich)
supplemented with 10% of fetal bovine serum (FBS) (Sigma-Aldrich), 1%
Penicillin/Streptomycin (Sigma-Aldrich), and Plasmocin™ prophylactic (Invivogen). Cells

were incubated at 37°C in a humidified incubator containing 5% COx.

2.2. Treatment Preparation and Application

ONC206 and ONC212 were reconstituted in dimethyl sulfoxide (DMSO; Sigma
Aldrich), according to the manufacturer’s instructions, to prepare 20 mM stock solutions.
TQ was also reconstituted in DMSO and prepared at 50 mM. All drugs were stored at -
20°C. The stock solutions were then dissolved in cell culture medium to obtain diluted

solutions of different concentrations.

2.3. MTT Cell Proliferation Assay

The antiproliferative effects of ONC206, ONC212, and TQ were assessed using the
MTT assay ([3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide]) (Sigma-
Aldrich). D556 and SK-N-SH cells were seeded in triplicates in complete media in 96-well

plates. Cells were seeded at different densities to accommodate for different treatment

19



durations with the drugs. The seeding density for cells exposed to the drug was 10,000,
8000, and 6000 cells for 24, 48, and 72 hours, respectively. The cells were treated with
increasing concentrations of ONC206 (0.05, 0.1, 0.5, 1, 5 and 10 uM), ONC212 (5, 10, 25,
100, 500 and 1000 nM), and TQ (10, 25, 50, 100, 150 uM); while the control wells
contained growth media and the vehicle consisted of 0.3% DMSO. At each time-point, the
media was replaced with fresh one supplemented with 5 mg/ml MTT reagent. After 3 hours
incubation at 37°C, the MTT solution was aspirated and 100 pL of absolute isopropanol
(Sigma-Aldrich) was added to solubilize the formed formazan crystals. The plate was
incubated for 20-30 minutes on a shaker at room temperature, after which the optical
density (OD) was measured at 595 nm using Tristar* S Multimode Reader. The percentage

of cell proliferation relative to the control was determined.

2.4. Trypan Blue Cell Viability Assay

The trypan blue assay was used to determine the cytotoxic effects of ONC206,
ONC212, and TQ. D556 and SK-N-SH cells were seeded in duplicates in complete growth
media in 24-well plates at a density of 60,000 and 80,000 cells per well, respectively. On
the following day, the cells were treated with different concentrations of ONC206 (0.1,
0.25, 0.5, and 5 uM), ONC212 (0.01, 0.05, 0.1, and 0.5 uM), and TQ (5, 10, 25, 50, and
100 uM) for the two cell lines. After 48 hours post-treatment, the attached cells were
trypsinized and harvested, and a mix of cell suspension and trypan blue dye at a ratio of 1:5
was prepared. The living cells were counted using the Neubauer improved Hemocytometer
under the inverted optical Zeiss Axio Vert. A1 microscope. The percentage of cell viability

with respect to control was determined.
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2.5. Wound Healing Assay

The wound healing or scratch assay was used to assess the effects of ONC206,
ONC212, and TQ on the migratory ability of the cells. D556 and SK-N-SH cells were
seeded in duplicates in complete growth media in 24-well plates and incubated until the
cells reached 80-90% confluency. To inhibit proliferation, the cells were treated with 0.01
mg/mL Mitomycin C (Sigma), after which a uniform scratch was made in each well using a
sterile 200 pL pipet tip. Then, PBS was used to wash and remove any detached cellular
debris. Both cell lines were then cultured at drug concentrations of ONC206 (0.4 and 0.2
uM), ONC212 (0.04 and 0.02 uM), and TQ (25 and 12.5 uM). Images of the wounds were
taken using the inverted optical Zeiss Axio Vert.A1 microscopy at 0, 12, 18, 24, and 48
hours post-treatment. The wound area was determined using ImagelJ software and

expressed as a percentage relative to wound area at 0 hours for each condition.

2.6. Sphere-Formation Assay

The 3D sphere-formation assay was performed to investigate the ability of
ONC206, ONC212, and TQ to target the progenitor/stem neural cells residing within SK-
N-SH cell lines. 1,000 cells were seeded in a cold Matrigel™/serum free DMEM (1:1
dilution) for both cell lines in duplicates around the rim of each well of a 96-well plate. The
mixture was allowed to solidify at 37°C in a humified incubator for at least 30 minutes.
Afterwards, warm DMEM media supplemented with 2% FBS with or without treatment
was added to each well. The control wells contained exclusive DMEM media, 0.05% of

DMSO was added to the vehicle corresponding wells, while the drug concentrations of
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0.05, 0.1, and 0.25 pM of ONC206, 0.005, 0.01, and 0.025 uM of ONC212, and 1,10, and
25 uM of TQ were used for the corresponding treated wells. Media + treatment was
replenished every 2-3 days as per the original seeding. After 8 days, spheres were counted,
and bright field images were acquired using Axio Vert. A1 microscope from Zeiss at 20x

magnification. Sphere forming units were counted as follows: SFU

number of spheres formed

x 100

number of cells originally plated

2.7. Statistical Analysis

Statistical analysis was performed using GraphPad prism (version 8.0.2, GraphPad
Software Inc., La Jolla, CA, USA) and data are presented as mean + standard error of the
mean (SEM) of at least 3 independent experiments, unless stated otherwise. Statistical
significance was reported at p-values of P <0.05(*), P <0.01(**), P <0.001(***), P <

0.0001(****),

22



CHAPTER 3

RESULTS

3.1. Dose- and Time-Dependent Effects of ONC206, ONC212, And TQ on MB Cell

Proliferation In Vitro

First, we assessed the in vitro anti-proliferative effects of increasing concentrations
of ONC206, ONC212, and TQ on D556 cells using the MTT assay. The drugs consistently
showed significant inhibitory effects that increased with increasing time and drug

concentrations supporting a dose and time-dependent response (Figure 6).
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Figure 6: ONC206, ONC212, and TQ Reduce the Proliferation of Human Medulloblastoma
Cells

After incubation of D556 cells for 24, 48 and 72hrs with and without ONC206 (A),
ONC212 (B), and TQ (C) cell proliferation was determined using MTT assay. Results are
expressed as a percentage of the treated group compared to its control. Data represents an

average of at least three independent experiments and are expressed as mean = SEM
(*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
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3.2. Dose and Time-Dependent Effects of ONC206, ONC212, and TQ on NB Cell
Proliferation In Vitro

The in vitro anti-proliferative effects of ONC206, ONC212, and TQ on SK-N-SH
cells were evaluated using the MTT assay across increasing drug concentrations. ONC212
and TQ demonstrated a dose- and time-dependent inhibition of cell proliferation. In
contrast, ONC206 exhibited a plateau in effect between 48 and 72 hours, indicating that its

anti-proliferative activity was not strictly time-dependent (Figure 7).
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Figure 7: ONC206, ONC212, and TQ Reduce the Proliferation of Human Neuroblastoma
Cells

After incubation of SK-N-SH cells for 24, 48 and 72hrs with and without ONC206 (A),
ONC212 (B), and TQ (C) cell proliferation was determined using MTT assay. Results are
expressed as a percentage of the treated group compared to its control. Data represents an

average of at least three independent experiments and are expressed as mean = SEM
(*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001)
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3.3. Dose-Dependent Effects of ONC206, ONC212, and TQ on MB Cell Viability In
Vitro

To assess the cytotoxic effects of ONC206, ONC212, and TQ, Trypan blue assay
was performed on D556 cells across different concentrations. The results showed a dose-
dependent decrease in cell viability in response to all treatment conditions, validating the

results obtained with the MTT assay (Figure 8).
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Figure 8: ONC206, ONC212, and TQ Reduce the Viability of Human Medulloblastoma
Cells

After incubation of D556 cells for 48 with and without ONC206 (A), ONC212 (B), and TQ
(C) cell viability was determined using Trypan blue assay. Results are expressed as a
percentage of the treated group compared to its control. Data represents an average of at

least three independent experiments and are expressed as mean + SEM (error bars)
(*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

3.4. Dose-Dependent Effects of ONC206, ONC212, and TQ on NB Cell Viability In
Vitro

The cytotoxic effects of ONC206, ONC212, and TQ on SK-N-SH cells were

evaluated using the Trypan blue exclusion assay across a range of drug concentrations.

27



Treatment induced a dose-dependent reduction in cell viability, corroborating the findings

obtained with the MTT assay (Figure 9).
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Figure 9: ONC206, ONC212, and TQ Reduce the Viability of Human Neuroblastoma Cells
After incubation of SK-N-SH cells for 48 with and without ONC206 (A), ONC212 (B), and
TQ (C) cell viability was determined using Trypan blue assay. Results are expressed as a
percentage of the treated group compared to its control. Data represents an average of at

least three independent experiments and are expressed as mean = SEM (error bars)
(*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

3.5. ONC206, ONC212 and TQ Did Not Have A Significant Effect on MB Cell
Migration

Assessing the effect of ONC206, ONC212, and TQ on the migration of D556 cells
using the wound healing assay showed no significant inhibition but a trend of inhibiting the
migratory potential of cells. The migration of D556 cells was fast, and the control and
vehicle conditions had almost closed wound areas at time 18 hours. Although not
significant, the higher concentrations of ONC206, ONC 212, and TQ which are 0.4, 0.04,
and 25 uM respectively were associated with a larger residual wound area at the

experiment’s endpoint (Figures 10-11).
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Figure 10: ONC206, ONC212, and Thymoquinone Did Not Affect the Migratory Ability of
Medulloblastoma Cells

D556 cells were treated with different concentrations of ONC206, ONC212, or
Thymoquinone (TQ). Wound closure was assessed between 0 and 18 hours post-treatment.
The bar graph represents the percentage of wound area remaining relative to time 0 (TO).
Data represents an average of three independent experiments and are expressed as mean +
SEM (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001)
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Figure 11: Representative Images of the Wound Healing Assay Performed on
Medulloblastoma Cells Treated with ONC206, ONC212, or Thymoquinone. D556 Med
cells were incubated with or without different concentrations of ONC206, ONC212, or

thymoquinone (TQ)

Images were captured at timepoints 0 h and 18 h to assess the extent of wound closure over
time. Wound area reduction reflects the relative migratory capacity of the cells under each
treatment condition. All images were taken using the same magnification and exposure
settings.
3.6. ONC206 and Thymoquinone Inhibit NB Cell Migration In Vitro

To assess the effects of ONC206, ONC212, and TQ on the migration of SK-N-SH
cells, the wound healing assay was used. Migration of NB cells was significantly decreased

by both ONC206 0.4 uM and TQ 25 uM concentrations (p<0.01). Both tested

concentrations of ONC212 (0.02 and 0.04 uM) show no significant inhibition of SK-N-SH
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cell migration, suggesting that only ONC206 and TQ were effective at inhibiting NB cell

migration (Figures 12-13).
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Figure 12: ONC206 And Thymoquinone Reduced the Migratory Ability of Neuroblastoma
Cells
SK-N-SH cells were treated with different concentrations of ONC206, ONC212, or TQ.
Wound closure was assessed 48 hours post-treatment. The bar graph represents the
percentage of wound area remaining relative to time 0 (TO), with higher values indicating
less migration and impaired wound closure. Data represents an average of three
independent experiments and are expressed as mean = SEM (error bars) (*p<0.05,
*#p<0.01, ***p<0.001, ****p<0.0001).

0=

31



Control ONC206 0.2 uM  ONC206 0.4 nM
o -
- . |
ONC212 0.02 uM  ONC212 0.04 uM TQ 12.5 uM
- - .
- . .

Figure 13: Representative Images of the Wound Healing Assay Performed on
Neuroblastoma Cells Treated with ONC206, ONC212, or Thymoquinone. SK-N-SH cells
were incubated with or without different concentrations of ONC206, ONC212, or
thymoquinone (TQ)

Images were captured at timepoints 0 h and 48 h to assess the extent of wound closure over
time. Wound area reduction reflects the relative migratory capacity of the cells under each
treatment condition. All images were taken using the same magnification and exposure

settings.

3.7. ONC206, ONC212, and Thymoquinone Affect NB Sphere Formation

To investigate the effects of ONC206, ONC212, and TQ on the stemness of NB SK-
N-SH cells, a sphere-formation assay was conducted (n=1, two replicates per condition).
The data indicate a trend towards reduction of sphere formation with increasing drug

concentrations suggesting a potential effect of the drugs on NB cancer stem/progenitor



cells. ONC206 and TQ consistently decreased the sphere-forming unit (SFU) percentage.
The highest concentrations of each drug (0.5 uM of ONC206, 0.05 uM of ONC212, and 25
uM of TQ) completely eradicated sphere formation (Figure 14). However, these findings

are preliminary and require further validation through repeated experiments.
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Figure 14: ONC206, ONC212, and Thymoquinone Present Preliminary Effects on
Neuroblastoma Sphere Formation
(A) Sphere forming unit (SFU) percentage of neuroblastoma cells with or without
ONC206, ONC212, and TQ treatments at indicated concentrations, relative to control. Data
represents a single experiment n=1. (B) Representative images of spheres formed (images
taken at 20x magnification).
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CHAPTER 4

DISCUSSION

Our present study identifies impridones as a novel therapeutic strategy for MB and
NB pediatric cancers, demonstrating preclinical efficacy in inducing cell death within a
targeted therapy approach. Both ONC206 and ONC212 displayed potent anti-proliferative
and cytotoxic effects on MB (D556 Med) and NB (SK-N-SH) cells, as evidenced by MTT
and Trypan Blue assays. Notably, our data align with a recent study on NB reporting that
ONC206 at 0.5 pM induces a significant, dose- and time-dependent reduction in cellular
proliferation at 48 and 72 hours post-treatment [39]. Our results likewise identified 0.5 uM
as a key concentration at which proliferation begins to approach a 50% reduction. To our
knowledge, we are the first to report that ONC212 exerts comparable anti-proliferative
effects in MB cells.

The inhibitory effect of ONC206 on cell proliferation and viability was significant
in both cell lines in a dose-dependent manner. In D556 cells, it shows a progressive
increase in efficacy over time, culminating in a pronounced reduction in cell proliferation at
72 hours. On the other hand, SK-N-SH cells displayed a rapid initial inhibition at 48 hours,
followed by a milder increase in inhibition between 48 and 72 hours.

ONC212’s potency was substantially high, with the drug exerting its dose- and
time-dependent effect at nanomolar concentrations. The drug maintains a sustained increase
in efficacy in D556 cells until the 72 hours timepoint, whereas this increase was less
prominent in SK-N-SH cells. By comparing the efficacy of the two studied imipridones, we

can infer that ONC212 is consistently more effective than ONC206. ICso values from
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Trypan Blue assays show that ONC212 is approximately 8-fold more potent in D556 cells
(ICs0: 0.46 uM vs. 0.06 uM) and 5-fold more potent in SK-N-SH cells (ICso: 0.26 uM vs.
0.05 uM). These observations are supported by a previous study in the NB cell lines SH-
SY5Y and SK-N-BE, which reported superior cell-killing activity of ONC212 relative to
ONC206 [40]. This data underscores the potential of ONC212 as a next-generation
therapeutic candidate with enhanced potency compared to ONC206 in MB and NB.

TQ exhibited strong cytotoxic effects at higher concentrations. ICso values derived
from Trypan blue assay data were 20 uM for NB and 50 uM for MB. These results are
consistent with previous findings in MB which reported 1Cso values between 23 uM and
123 uM [3].

As for the drugs’ effects on migration, the wound healing assay had variable results.
In D556, the results of wound closure under treatment conditions showed no statistically
significant inhibition, although a relatively small reduction in migration was noted at the
higher concentrations tested. This could be due to the inherently fast and aggressive
migratory potential of D556 cells, which led to rapid wound closure, with wounds almost
completely closed by 18 hours in the control wells. Experimental variabilities may have
masked significant effects of the drugs on cell migration. Another contributing factor could
be the limited duration of exposure to the drugs as they might not have had enough time to
elicit their effect on the cells before wound closure. In SK-N-SH cells, ONC206 at 0.4 uM
and TQ at 25 uM significantly reduced migration, suggesting a possible role for these
compounds in disrupting metastatic potential in NB. Despite the strong anti-proliferative

activity of ONC212, its effect on cell migration was not pronounced.
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Preliminary sphere formation assay indicates potential anti-stemness activity of all
tested drugs in NB SK-N-SH cells, though further replicates are required to validate these
findings.

Several limitations of this study must be acknowledged. First, the wound healing
assay was impacted by high variability within replicates which limited statistical
significance. Second, the sphere formation data are preliminary and result from a single
experiment preventing any definitive conclusions in that matter. Third, all findings are
based on in vitro assays which do not mimic the biological microenvironment for tumor
growth and interactions. Moreover, the number of cell lines for each cancer type is only one
which is limited and does not encompass all the different MB and NB subtypes.

The study shows promising results that could be built upon for future research.
Ongoing work should expand sphere formation assays with increased biological replicates
to validate the observed trends and investigate mechanistic underpinnings, including
stemness-related signaling pathways. In addition, more work can investigate the underlying
molecular mechanisms behind the drugs’ actions alongside MB and NB tumorigenic
signaling pathways. D556 migration studies could benefit from experimental conditions
that better control variability like trans-well migration assay to be able to detect the drugs’
effect on fast-moving cells like D556 Med. Studying ONC206 and ONC212 in patient-
derived xenograft models can be an important approach to assess their relative efficacy and
the translational potential of in vitro findings to in vivo systems. In vivo models are also
essential to confirm efficacy, and evaluate toxicity profiles of imipridones and TQ on MB

and NB.
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