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ABSTRACT

Characterizing the Role of DEPTOR in the mTOR Pathway in Cellular Protein Homeostasis

Christopher Anjorin
Department of Veterinary Medicine and Biomedical Sciences
Texas A&M University

Research Advisor: Dr. James Fluckey
Department of Health and Kinesiology
Texas A&M University
Understanding the dynamic balance between protein synthesis and degradation is critical

in characterizing skeletal muscle growth, maintenance, or wasting. Over 160,000 people in the
United States suffer from Cachexia, a condition characterized by rapid muscle wasting, and other
conditions associated with muscular atrophy affect millions. Previous research has linked
muscle cell growth with the mTOR {mammalian target of rapamycin} anabolic pathway; and has
also shown that degradation or upregulation of DEPTOR {DEP-domain containing mTOR-
interacting protein}, our protein of interest, has a direct impact on mTOR activation. Both mTOR
and DEPTOR are vital for the overall health of the cell, but the interaction between these two
proteins is often disrupted, favoring either muscle growth or muscle wasting. What is unclear is
if this interaction is a consequence of underlying features of the cell, or a direct culprit. The
hypothesis of the proposed study is that the rate of growth and degradation of skeletal muscle
cells is a direct result of the DEPTOR/mTOR interaction. We will investigate growth and
wasting of cultured skeletal muscle cells by altering the interaction between mTOR and
DEPTOR via pharmacological intervention. This study will have implications on how we

combat anabolically aggressive cancers, muscular dystrophy and atrophy.
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NOMENCLATURE

AKT Protein Kinase B

AMPK AMP dependent Kinase

ATG4B Autophagin-1

BTrCp Beta-Transducin repeat-Containing protein

CKlalpha Casein Kinase 1-alpha

DEPTOR Domain-Containing mTOR-interacting Protein

EGF Epidermal-like Growth Factor

GF Growth Factor

IGF Insulin-like Growth Factor
MAPK Mitogen-Activated Protein Kinase

MLN4924  Millennial Compound-4924
mLST8 Mammalian Lethal with SEC13 protein 8
MTOR Mechanistic Target of Rapamycin

NSC-185-058 N-2-Pyridinyl-2-Pyridinecarbothioamide

PI3K Phosphatidylinositol 3-kinase

S6K1 Ribosomal protein S6 kinase beta-1

TSC Tuberous Sclerosis Complex

4EBpl Eukaryotic translation initiation factor 4E-Binding protein 1



CHAPTER1

INTRODUCTION

Project Significance

Millions of people globally suffer from muscular dystrophies and atrophies either due to
lack of exercise, genetics, malnutrition, or illnesses. For example, Cachexia is an illness
characterized by severe muscle loss. It is also a major clinical concern for physicians because
muscle wasting is often associated as a prognostic parameter for cancer, and have a negative
impact on heart muscle cells- cardiomyocytes (6). Physicians are not the only ones concerned
about muscular atrophy. Researchers from NASA are also very concerned, publishing a report in
2017 stating astronauts lose an average of 20% or more skeletal muscle mass during spaceflights
that last more than five days (4), causing extreme discomfort. The good news is muscle mass can
be regained by dietary therapy, and muscle strength by exercise. However, this will always be a
major concern especially for longer space missions. mTOR {mammalian target of rapamycin} is
a protein signaling kinase that regulates cell growth, and many other vital cellular functions.
Alternatively, while mTOR hyperactivation in the cell typically promotes the growth of cell, an
uncontrolled mTOR hyperactivation leads to cancer cell proliferation/metastases in a number of
cancer cell types and a number of metabolic abnormalities in skeletal muscle. Many studies have
confirmed that the interaction between mTOR and the gene coding protein- DEPTOR {DEP-
domain containing mTOR-interacting protein} has a profound influence on mTOR activity in the
cell (2). During an anabolic event in the cell, upstream signals lead to the activation of mTOR,
which then leads to protein synthesis, and the anabolism in the cell. Once this upstream signal

reach mTOR, a major step in full activation is mTOR ‘tagging’ DEPTOR for degradation via a



mTOR dependent degradative pathway, which allows for mTOR to be fully activated when its
binding partner has been destroyed. More will be discussed regarding the mTOR anabolic
pathway, but till date, it is not known if the silencing of upstream mTOR signaling is sufficient
to restore normal protein homeostasis, or is the rescuing/restoring DEPTOR by preventing
mTOR from ‘tagging’ it for degradation the central regulator of this pathway.

The Muscle Biology Lab at Texas A&M University, under the direction of Dr. Jim
Fluckey, has a strong interest in muscle protein homeostasis under a variety of conditions
including; advancing age, disuse, overload, and cancer. Our group has used the pharmacological
administration of upstream mTOR inhibitors, called rapalogs, in cancer cells, to determine the
impact of mTOR activation on cellular proliferation and growth. The implementation of these
rapalogs resulted in a statistically significant suppression of proliferation and cellular protein
synthesis, likely due to a reduced mTOR activation and subsequent anabolic signaling (1,30).
During this pharmacological intervention experiments, it was discovered that when mTOR is
suppressed, DEPTOR is significantly upregulated in cancer cells. This discovery further supports
DEPTOR’s involvement in mTOR activation (1). However, at this time, it cannot be determined
if the reduction of anabolism in these cells was due to the upstream silencing of mTOR or the
rescue of DEPTOR in the cells. It should also be noted that the use of rapalogs, although
promising, has only marginally (albeit statistically) been successful in the treatment of
anabolically aggressive cancers. This could potentially be caused by an observed inability to
adequately express DEPTOR protein. Therefore, our underlying hypothesis is that the interaction
between DEPTOR and mTOR dictates cellular protein homeostasis, regardless of upstream

cellular influences over mTOR. This is also consistent with observations from our lab that



indicate that cellular protein homeostasis is restored on/y when DEPTOR expression has been
recovered in the cell.
The MTOR Anabolic Pathway

MTOR is a well-known protein kinase that regulates many cellular functions such as cell
growth, proliferation, differentiation, autophagy, apoptosis and recently important roles in

conferring immunity (16,25).

APOPTOSIS AUTOPHAGY

GROWTH & PROLIFERATION

Figure 1. General mTOR Signaling Pathway.

In recent years, the MTOR protein kinase has been more referenced in clinical scenarios
due to its significant role in promoting tumor/ cancer growth and metastasis (25).
MTOR catalyzes the phosphorylation of many regulatory proteins that lead to protein synthesis
via a series of signal transduction (25). Here are a few important proteins that will be discussed
in greater detail which are regulated by MTOR activity: p70S6K1, 4E-Bpl, AMPK, and
DEPTOR to mention a few.

MTOR has been biochemically characterized to have two complex major pathways;
MTORCI1 complex and, MTORC2 complexes. Although both MTOR complexes have a
commonly shared genetic component known as mLST8(Mammalian Lethal with SEC13 protein

8) (25). The MTORCI1 and MTORC2 complexes are intricately intertwined with regulatory



proteins that sometimes function to counteract each other’s activity. To briefly summarize these
individual complexes, it is important to note that the function of these complexes is majorly
intertwined with very specific yet different activation processes. Furthermore, it is important to
note that there are still many unknown factors and information regarding this pathway yet to be
discovered.

The MTORCI complex is well established for its role in catalyzing the phosphorylation of
protein kinases responsible for protein synthesis that result in cell growth and proliferation.
(Sabatini) Thus, this complex is responsible for the phosphorylation of RAPTOR, AKT substrate
(PRAS40), and DEPTOR — our protein of interest. In addition, the MTORC1 complex can be
activated through three different mechanisms; growth factor (GF), cellular energy ratio, and

amino acids (16).

mTORC1

———

scr-eTrce DEPTOR

4EBP1 p7056K1

\ Anti-

Autophagy

Protein Synthesis

Figure 2. mTORC1/ DEPTOR Signaling
The MTORC2 Complex has more implications in actin polarization and endocytosis (16).
However, this complex pathway has been hypothesized to have multiple mechanisms due to

activation/phosphorylation cites at multiple locations.
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A Potential Alternative MTOR Pathway

MTORCI1 complex facilitates protein synthesis and regulates anabolism of a cell.
However, mTOR might also be responsible for intentional dual-activation to regulate protein
synthesis in kinases, which favor its activation and inhibit proteins that alter its activation either
via feedback or a noncanonical pathway. According to a randomized study on the mTOR
anabolic pathway, mTORC]1 phosphorylates a series of Ubiquitin Ligases to inhibit SKP2
ubiquitination leading to specific degradative pathway of some proteins (16, 25,26).

This mTORCI1 activity feature is no surprise to researchers that study the dynamic
protein kinase, as many hypothesize the necessity of mTOR to potentially have multiple
alternative pathways. This systematic mechanism is brought up in this manuscript due to our
underlying hypothesis, and on-going research that indicates that mTOR tags specific proteins
leading to their degradation. In our case, our protein of interest is DEPTOR, and this protein is
degraded by a mTOR dependent BTrCp (Beta-Transducin repeat-Containing protein) activation.
DEPTOR: Our Protein of Interest

DEPTOR is an intriguing protein that functionally inhibits mTOR (25). Generally,
DEPTOR is in abundance and acts as a tumor suppressant. Ergo, in its abundance, it can act to
inhibit mTOR dependent cellular activities that lead to protein synthesis, and ultimately reduced
anabolism in the cell (25). This is consistent with our understanding that mTOR is highly
activated in cancer cells while DEPTOR activity is relatively low. We embrace the hypothesis
that mTOR activity is highly involved in the degradation pathway of DEPTOR. Many factors
can influence the degradation of DEPTOR; however, the mTOR dependent BTrCp activation

stands out. BTrCp is an important gene coding protein and member of the F-Box protein family.
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In addition, it is one of the four subunits of a ubiquitin protein ligase known as SCF and is often
referred to as SCF-BTrCp ubiquitin ligase in scientific literature (27,28).

This complex functions by ubiquitinating via phosphorylation. Furthermore, in a study
done on mitogens (28), a mTOR dependent activation of S6K1 and RSK1 suggests that
phosphorylation of these proteins activates CK1-Alpha. CK1-Alpha (Casein Kinase 1-alpha) is a
protein that functions in the activation of the BTrCp complex, which leads to the ubiquitin
proteasomal pathway degradation of DEPTOR (28). This phenomenon becomes very important
when we are discussing our pharmacologically inhibitory approach in this study (28).

Specific Aim

My underlying hypothesis is that the rate of growth and degradation of skeletal muscle
cells is a direct result of the DEPTOR/mTOR interaction, regardless of upstream cellular
influences on mTOR. Thus, this study is geared towards investigating growth and wasting of
cultured skeletal muscle cells by altering the interaction between mTOR and DEPTOR via
pharmacological intervention.

Pharmacological Inhibitors
NSC-185058

The NSC 185058 specific isotype of NSC compound discovered from a diverse library of
NSC compounds is considered to be an anti-autophagic drug. Autophagy is often referred to as a
necessary intracellular degradative pathway important to maintain cellular homeostasis (19).
Everything in life requires balance; thus, to cause growth or retardation there are specific cell
signal transductions that either lead to protein synthesis, or lead to protein degradation.
Furthermore, autophagy can be induced in response to cellular environmental changes like, cell

stress, or starvation (19). Consequently, mTOR is a negative regulator of autophagy (22).

12



The NSC 185058 compound functions by inhibiting ATG4B (Autophagin-1) (5,6). ATG4B is a
specific cysteine protease molecule that induces autophagy (8,9).

The major autophagic protein responsible for this activity is LC3B (microtubule-
associated protein 1 light chain 3B). This protein is strongly associated with continuous tumor

growth in anabolically aggressive pancreatic, and breast carcinomas (17).

NSC-185058

ATGAB Antagonist

|

ANTI-AUTOPHAGY

GROWTH & PROLIFERATION

Figure 3. General NSC-185058 Functional Pathway

However, like many novel molecules being studied, its expression and direct mechanism
in link with the mTOR complex is not yet fully understood (9). Autophagy is a key pathway for
cell survival during starvation; however, this becomes a major problem with cancer treatments
because autophagy can promote cell survival in tumors during chemotherapy or nutrient
depletion (20).
MLN-4924

MLN 4924 works by inhibiting NAE (NEEDDS Activating enzyme), which inactivates
CRL (Cullin-RING E3 ubiquitin Ligases), blocking cullin neddylation (23). Simplistically, the

MLN drug induces accumulation of substrates from CRL. In addition, one of the most dominant

13



substrates which accumulate in a cellular system as a result of this drug, is DEPTOR in cancer
cells (23).

Suggested Pathway

MLN 4924

L

DEPTOR Accumulation

Apoptosis | T Autophagy

4 ™
‘ MLN Induced ‘ —
S

Figure 4. MLN4924 Signaling Pathway

Furthermore, DEPTOR is necessary for MLN induced apoptosis of a cell (23). However,
there is no reported statistical data that suggests that DEPTOR alone is enough to mitigate this
response. Moreover, since it has been established that the accumulation of DEPTOR causes
retardation in tumor growth via the MLN induced apoptosis mechanism, this pharmacological
interventive drug still supports our underlying hypothesis.

As things get more intriguing with our result on muscle cells, it is important to note that
the cellular biochemistry and cell density of muscle cells and cancer cells are very different and

could be a factor when comparing result outcomes.
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CHAPTER II

METHODOLOGY

Cell Culture

L6 myoblast were grown with growth media (DMEM-Dulbecco Modified Eagle
Medium) (Corning, Mediatech INC., Manassas, VA) composed of 20% Fetal Bovine
Serum(FBS) from (VWR International, Randor, PA), all pressure-filtered aseptically with 0.2Um
filters. Cells were cultured and maintained in 6-well sterile plates and 10cm cell culture plates
(Corning Inc., Corning, NY) with 10ml of growth media. These cells were maintained at 37°C in
a humidified atmosphere containing 5% CO2 until 60-70% confluency.

Cells at 60-70% confluency were differentiated to myotubes with a prepared
differentiation media (DMEM- Dulbecco Modified Eagle Medium W/O Sodium pyruvate)
(Corning, Mediatech INC., Manassas, VA) composed of 10% Horse Serum (VWR International,
Randor, PA) and 1% Penicillin/Streptomycin antibiotic from (BioVision, Milpitas, CA) all
pressure-filtered aseptically with 0.2Um filters. Pharmacological Inhibitory drugs for
mTOR/DEPTOR to induce alterations on gene expression and protein synthesis was assessed
and approved by compliance entities at Texas A&M University. The NSC 185-058 drug was
applied at concentrations of 0.5Um and 1.0Um during a 24hour exposure period with DMSO
(Dimethyl sulfoxide) controls. The MLN 4924 was applied at concentrations of 0.5Um and
1.0Um during a 24hour exposure period with DMSO (Dimethyl sulfoxide) controls. Both
independent cell samples were harvested using cell scrapers (VWR International, Randor, PA) in
1.5ml of cold Phosphate Buffer Solution (PBS) (VWR International, Randor, PA) into 2ml

microcentrifuge tubes (VWR International, Randor, PA), decanted using a centrifuge at 1000rpm

15



for Sminutes, supernatant were discarded and cell pellets were snap frozen in liquid nitrogen and
transferred to storage at -80°C for future analysis. Cells were thawed, and then lysed in Norris
Buffer kit (VWR International, Randor, PA) for protein extraction. Cytosolic protein components
were separated from membrane proteins with intense centrifugation of 14000rpm for 30mins,

supernatants were kept for immunoblotting.

Schematics Experiment

L6 myoblast Differentiated into myotubes
&l ; .'. Pharmacological Intervention ‘
D -' » 0 '—N,-'>
( ' ) T‘r\cutlm,-lu-Madin T‘n:nmsdin ( )

Collected Cells, Lysed, preserved protein from samples

)
D, —

G

Experimental Analysis

Figure 5. Experimental Schematic
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BCA Assay

Bicinchoninic Acid Assay Kit (VWR International, Randor, PA) was used to investigate
protein concentration of various sample sets. BCA reagents were used in a 96 well plate format
(description shown below). Cytosolic cell component was diluted 1:12 with Norris Buffer prior
to procedure. All samples were standardized using standard samples of different concentration
ranging from 0.00mg/ml to 2.0mg/ml and done in triplicates.

Table.1 BCA Set-Up for protein concentration analysis on NSC-185058

Standard | Standard | Standard | Sample Sample Sample Control 1 | Control1 | Control 1
1 1 1 A A A

Standard | Standard | Standard | Sample Sample Sample Control 2 | Control 2 | Control 2
2 2 2 B B B

Standard | Standard | Standard | Sample Sample Sample Control 3 | Control 3 | Control 3
3 3 3 C C C

Standard | Standard | Standard | Sample Sample Sample Control 4 | Control4 | Control 4
4 4 4 D D D

Standard | Standard | Standard | Sample Sample Sample Control 5 | Control 5 | Control 5
5 5 5 E E E

Standard | Standard | Standard | Sample Sample Sample
6 6 6 F F F

Sample Sample Sample

Standard | Standard | Standard G G G

7 7 7

Standard | Standard | Standard | Sample Sample Sample
8 8 8 H H H

17



Table. 2 BCA Set-Up for protein concentration analysis on MLN4924

Standard | Standard | Standard | Sample Sample Sample Control 1 | Control1 | Control 1
1 1 1 A A A

Standard | Standard | Standard | Sample Sample Sample Control 2 | Control2 | Control 2
2 2 2 B B B

Standard | Standard | Standard | Sample Sample Sample Control 3 | Control 3 | Control 3
3 3 3 C C C

Standard | Standard | Standard | Sample Sample Sample Control 4 | Control4 | Control 4
4 4 4 D D D

Standard | Standard | Standard | Sample Sample Sample Control 5 | Control 5 | Control 5
5 5 5 E E E

Standard | Standard | Standard | Sample Sample Sample
6 6 6 F F F

Sample Sample Sample

Standard | Standard | Standard G G G

7 7 7

Standard | Standard | Standard | Sample Sample Sample
8 8 8 H H H

Western Blots

Western Blotting was done to observe and characterize expression, and activation levels of
different independent proteins within the MTOR signaling pathway, both canonical and non-
canonical pathways.

The following primary antibodies were applied at a 1:1000 antibody/buffer ratio:
DEPTOR 4243 (Cell Signaling #11816), p70S6K1 (Cell Signaling #2114), phospho-AKT(Cell
Signaling #2114), AKT (Cell Signaling #2114), 4EBp1 (Cell Signaling #); and secondary
antibodies applied at variant antibody/buffer ratios as deemed necessary per protein.

Cell contents were homogenized and applied to nitrocellulose gels and compared in conjunction
with molecular weight ladder from (Lonza #193837) to verify molecular size. Gels were

transferred to PVDF (Polyvinylidene difluoride) blotting membrane and set at 350mA for

18



50minutes. All bands on membranes were normalized by Ponceau S staining prior to imaging as

precaution. Membranes were imaged using an advanced SP imaging system.

19



CHAPTER III

RESULTS

Cell Morphology
NSC-185058

Image results show an increase in myotube growth and proliferation post 24hour
application of the NSC185058 drug at both 0.5Um, 1.0Um concentrations. Size discrepancy is
suggested based on only visual observations, and not myotubular diameter, or cross-sectional

arca.
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Figure 6. Pre & Post Cell Culture Images from Pharmacological Interventive NSC-185058. (A)
Differentiated Myotubes, (B) 24hours exposure to the NSC185058 @ 0.5 Um, (C) 24hours
exposure to the NSC185058 @ 1.0 Um, (D) 24hours exposure to the NSC185058 @ 0.5 Um

with background, (E) 24hours exposure to the NSC185058 @ 1.0 Um with background.
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Cell Morphology

MLN-4924

Image results show apoptotic/necrotic myotubes, and decrease in myotube growth and
proliferation post 24hour application of the MLN-4924 drug at both 0.5Um, 1.0Um
concentrations. Size discrepancy, and necrosis is suggested based on only visual observations,

and not myotubular diameter, or apoptotic assay.

(A)

(B) ©

Figure 7. Pre & Post Cell Culture Images from Pharmacological Interventive MLN4924. (A)

Differentiated Myotubes, (B) 24hours exposure to the MLN4924 @ 0.5 Um, (C) 24hours

exposure to the MLN4924 @ 1.0 Um
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Protein Concentration

Protein Concentration were determined via BCA analysis. Exact values, statistical data,
and accuracy graphs are unavailable due to the unforeseen events surrounding the COVID-19
pandemic in spring 2020.

Western Blots

Due to the unforeseen events surrounding the COVID-19 pandemic in spring 2020,
complete data on immunoblots was unavailable at the time of publication for this thesis.
Specific targets proteins that were being studied.

DEPTOR activity will be characterized to see if the pharmacological interventive drugs
altered protein expression. Consequently, mTOR activity will be studied by analyzing the
expression of proteins down-stream the anabolic pathway i.e. 4EBp1, P70S6K1, and AMPK.
Furthermore, since P70S6K 1 has also shown to have a major role in anti-autophagy, we will be
comparing expression analysis with the effects of the NSC-185058 drug to see if activity was
modulated, constant, or downregulated.

AMPK is another protein that is involved in the mTOR anabolic pathway that will be
observed and analyzed due to the hypothesized effects of anti-autophagy mediated by the

AMPK/MTOR Pathway (10).
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CHAPTER 1V

DISCUSSION

Due to the unforeseen events surrounding the COVID-19 pandemic in spring 2020,
complete analytical data was unavailable at the time of publication in this thesis. In the absence
of protein analysis data via immunoblotting, here are the potential outcomes of the study.
Expectations

Although it is suggested that the NSC-185058 has little to no effect on mTOR activity or
P13K (5,6). Some recent studies hypothesize otherwise. In 2015, a study on microRNAs to
downregulate ATG4B in prostate cancer cells, suggests the potential of ATG4B-induced
autophagy through the AMPK/mTOR pathway (10). MicroRNAs are non-coding RNAs that
regulate gene expression through epigenetics and translational repression. When AMPK is
upregulated, mTOR is partially inhibited. This is relevant because prostate cancer is one of the
most frequently diagnosed cancer in American men with a very high mortality rate (24).
Additionally, mTOR inhibitors have been used to reduce the progression of Huntington’s
diseases in neuronal cells by inducing Atg4b (11). Thus, even though the exact mechanisms
behind these pathways are still unclear, I would expect to see a downregulated AMPK with the
application of the NSC-185058, which should ultimately have some form of inhibitory function
on MTOR, putting the cell in an anabolic state. Similarly, I would expect 4EBp1, and S6K1 to
have high activity, facilitate protein synthesis, and ultimately grow and proliferate the cells.
Consequently, since the cell is in an anabolic state, we would also expect low activity of

DEPTOR.

24



In opposition, we would expect the MLN drug to have an apoptotic effect on the
myotubes as seen in the morphology above (Fig.7). It is important to note that MTOR is a
negative regulator of autophagy; and clinical trials on human cancer cells with the MLN4924
drug have shown a dose dependent inhibition of the mTOR complex autophosphorylation (23).
This reduces activity at multiple sites that impacts S6K1, 4E-Bp1, and AKT after a 24-hour
exposure to the drug (23).

We applied the same approach on our L6 myotubes with different concentration to see if
we could replicate and induce a dose dependent inhibition of mTOR as well, using a 0.5Um of
MLN4924, 1.0Um of MLLN4924, and DMSO (Dimethyl Sulfoxide), at respective concentrations
as controls. With this systemic experimental set-up, I would expect a down-regulation of MTOR,
and reduced activity of S6K1, and 4EBP1.

Consequently, as initially discussed with the MLN4924 drug, DEPTOR will be

significantly upregulated, as it is one of the substrates accumulated as a result of MLN4924.
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CHAPTER V

CONCLUSION

As a result of the unforeseen events with the COVID-19 pandemic in spring 2020,
complete data was unavailable at the time of publication for this thesis project; ergo, it is difficult
to conclude our hypothesis.

However, if my hypothesis were to be consistent with our observations from our lab at
Texas A&M University which indicate that cellular protein homeostasis is restored only when
DEPTOR expression has been recovered in the cell, there would be major implications and
applications on how we study and combat anabolically aggressive cancers via similar
pharmacological therapies.

Outcomes of this current study could also impact our understanding on protein homeostasis
and shed light to new potential biochemical pathways. This project will ultimately provide
insights to the possibility of using specific pharmacological strategies to promote or stifle
cellular growth under a variety of conditions such as muscular dystrophy and atrophy.
Furthermore, it could potentially mitigate the partial muscular atrophy astronauts experience

during long space missions in the future!
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APPENDIX

NASA Scientists curious to have insights on controlling muscle growth (4) to reduce
Space Flight Induced Functional Atrophy for present and future astronauts.

The NSC185058 drug could mitigate a new perspective in anabolism constructs for
competitive sport training like Body-building.

Cachexia is still an important clinical prognosis for cancer; reduction in muscle mass can
be achieved in cancer patients if the NSC185058 is bioengineered to target heathy muscle cells
only.

MLN4924 shows potential for drug therapy on glioblastoma cells (30).
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