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Abstract
Oligodendrocytes are a type of glial cell in the central nervous system that are responsible for
producing the myelin sheath which allows for faster neuronal firing rates. Myelin production is a
metabolically expensive process, which requires the oligodendrocytes to be aware of the
nutrients are available to them. It has been demonstrated that the mammalian target of
Rapamycin (mTOR) is required for the later stages of maturation in oligodendrocytes. However,
when mTOR is inhibited by Rapamycin in the early stages of oligodendrocyte development, the
oligodendrocytes are still able to fully differentiate. Tribbles Homolog 3 (Trib3) is a pseudo
kinase that has impaired catalytic activity. In previous research, trib3 has been shown to be
upregulated by cellular stress and serves as an important regulator of cell death, stress responses,
cell differentiation and many other processes. The goal of this research is to analyze the
expression levels of mTOR throughout the oligodendrocyte lineage, at day 1 and day 4, and the
expression of Trib3 in day 4 cells when they are deprived of leucine. The results indicate that as
cells age mTOR expression is increased and as they are deprived of leucine at day 4, trib3
expression decreases.

Introduction
Background
Neuronal communication is a process that is constantly occurring at different rates in
both vertebrates and invertebrates. The neuron’s unique structure including the axon, dendrites,
soma, and terminal buttons are just some of the aspects of these cells that makes them able to
communicate very effectively. In many invertebrates, a slower propagation of action potentials is
efficient because they are smaller in size. However, in vertebrates, which tend to be larger, a
faster rate of communication between neurons is needed. The myelin sheath permits there to be
faster neuronal communication. The myelin sheath is produced by the Schwann cells of the
peripheral nervous system(PNS) and the oligodendrocytes in the central nervous system (CNS)
(Morell & Quarles 1999). Myelin is a fatty membrane mostly composed of lipids, which allows
it to be an electrical insulator on the axons of neurons (Morell & Quarles 1999). When the
neurons are sheathed in the myelin, it allows for saltatory conduction, which is the propagation
of action potentials from one node to another of a neuron and is overall much more effective in
the transmission of action potentials (Cohen et al. 2020).
Oligodendrocytes are cells in the central nervous system that are responsible for
myelinating the axons. These cells go through a well characterized maturation process in order to
be able to eventually fully mature and produce the myelin sheath (Kessaris et al. 2006). The
process of producing myelin is very metabolically expensive and it is crucial for the
oligodendrocytes to be able to sense the nutrients in their surroundings to be able to undergo the
production of myelin. The pathways that are used by the oligodendrocytes throughout their
maturation process and to sense nutrients in their environment are not well characterized. A
better understanding of the pathways that allow oligodendrocytes to sense their surroundings,

fully mature and then myelinate the axons, could be of clinical importance in diseases where
myelin is destroyed such as multiple sclerosis (Yeung et al. 2019).
The oligodendrocytes are able to mature and produce myelin because of all the complex
pathways that involve nutrient sensing. Two genes of interest in oligodendrocytes that could play
a role in some of these pathways are the Mammalian Target of Rapamycin (mTOR) and Trib3.
mTOR is a kinase that has been shown to be essential for oligodendrocyte differentiation and
myelin production and is (Wahl et al. 2014). Trib3, is a pseudo kinase that has been shown to be
involved in regulation of nutrient metabolism during feeding and fasting (Liu et al. 2012). The
intricate nutrient sensing pathways allows oligodendrocytes to proliferate and mature and
eventually produce myelin. In order to understand the critical role of mTOR for oligodendrocyte
differentiation, this study will analyze mTOR expression throughout the oligodendrocyte lineage.
Deprivation of leucine will also be implemented in order to analyze trib3 expression when
nutrients are lacking in the cellular environment.

Oligodendrocytes
Oligodendrocytes (OLs) are an important glial cell that are part of the central nervous
system and produce the myelin sheath. They follow a very particular maturation process where
they progress from early progenitors, to late progenitors, to immature oligodendrocytes, to
finally becoming mature oligodendrocytes (Guardiola-Diaz et al. 2012). Mature
oligodendrocytes have numerous processes and arborizations which allows them to be able to
myelinate the neurons(Miyata et al. 2011). In the early progenitor and late progenitor stages, the
OLs have a simple morphology with only a few projections and they are highly responsive to
growth factors which promotes proliferation and survival (Barres et al. 1992). As the OLs

progress into immature OLs, there are many more projections and eventually, they terminally
differentiate into mature OLs with many processes and networks of membranes (Guardiola-Diaz
et al. 2012).

Figure 1. The OL lineage. OLs progress from early progenitors with very few projections to late
progenitors then to immature OLs and finally mature OLs with many projections allowing for
them to make contact with many axons to myelinate them (Guardiola-Diaz, Ishii, Bansal, 2012).
As demonstrated in Figure 1, there are many steps the OLs must go through many stages
before they are mature and produce the myelin sheath. This is why the nutrient sensing
mechanisms of the OLs are very important, because if OLs don’t even have enough nutrients to
differentiate, then they would most definitely not be able to go through the metabolically
expensive process of producing myelin. Many intrinsic and extrinsic factors have been
discovered that control the differentiation of OLs and the myelination process, such as
transcription factors Olig1 and Olig2 (Guo et al. 2018). The exact nutrient sensing mechanisms
of the OLs are not known, which is why this is an important area of research.

mTOR:
The Mammalian Target of Rapamycin (mTOR) is a protein serine/threonine kinase that is
part of the P13K-related kinase family (Tyler et al. 2009). mTOR is a key regulator of cell
growth and has been implicated in being involved in nutrient sensing (Tyler et al. 2009). mTOR
plays a major role in the regulation of many processes such as protein synthesis, which is
important for the production of myelin by the OLs (Tyler et al. 2009). mTOR is part of two
different complexes the mTOR complex 1 (mTORC1) and 2 (mTORC2) (Yip et al. 2010) . The
mTORC1 demonstrates a sensitivity to Rapamycin, while mTORC2 is resistant to Rapamycin
(Jacinto et al. 2004).

Figure 2. mTOR complexes and signaling network (Watanabe et al. 2011).
The structural components of mTORC1 and mTORC2 have been researched in order to
determine the sensitivity differences of the them to Rapamycin. mTORC1 has three main

components that are mTOR, Raptor (regulatory protein associated with mTOR) and mLST8
(mammalian lethal with Sec13 protein 8, also known as GβL). While mTORC2 also contains
mTOR and mLST8, it does not contain Raptor and instead contains Rictor (Rapamycin
insensitive companion of mTOR) (Jacinto et al. 2004). It also contains mSin1, and Protor
(Watanabe et al. 2011). mTORC1 has various well-established functions such as regulation of
cell growth in response to nutrient and energy status of the cell (Yip et al. 2010). The function of
mTORC2 is less understood however, the downstream targets of mTORC2 are in control of cell
proliferation and survival through phosphorylation of members of the AGC (PKA/PKG/PKC)
family of protein kinases (Saxton & Sabatini, 2017).
In the context of oligodendrocytes, CNS myelination has been shown to be mainly
dependent on mTORC1 function with less contribution from mTORC2 (Lebrun-Julien et al.
2014). Myelin lipogenesis and protein gene regulation have also been shown to be strongly
reliant on mTORC1(Lebrun-Julien et al. 2014). mTORC2 alone controlled myelin gene
expression at the mRNA level, whereas mTORC1 influenced MBP expression via an alternative
mechanism (Tyler et al. 2009).
It has been demonstrated that inhibiting mTOR through the use of Rapamycin at the early
stages of development has no effect on the oligodendrocyte maturation, however when mTOR is
inhibited at later stages of development, the oligodendrocytes are not able to terminally
differentiate (Guardiola-Diaz et al. 2012). This implies that there is some function of mTOR at
the later stages of development in oligodendrocytes that is necessary in order for them to fully
mature. Therefore, this study analyzed expression of mTOR in OLs that were at later stages of
the lineage and compared it to earlier stages.

Trib3:
Sensing changes in the environment is a critical task to survival and along with mTOR,
Trib3 is a major contributor to cell signaling pathways that control sensing of nutrients and other
supplies or lack thereof in the environment. The evolution of the Trib pseudo kinase family has
led to three Trib pseudo kinases composed of Trib1, Trib2, and Trib3 (Dedhia et al. 2010). The
structure of the Tribbles family of proteins contains three different domains, an N-terminal PEST
region, pseudo kinase domain, and a C-terminal COP1 peptide binding region (Eyers et al.
2017).

Figure 3. Tribbles protein structure and signaling features (Eyers et al. 2017).
Trib3 has been shown to increase in expression in situations of cellular stress and in
particular, nutrient deficiencies (Saleem & Biswas 2016). Trib3 is an ortholog of Drosophila
Tribbles and plays a role in glucose regulation, suppression of the differentiation of adipocytes

and controlling the cell cycle (Saleem & Biswas, 2016). Previous research has demonstrated that
lack of glucose or amino acids leads to a substantial increase in the levels of the Trib3 protein
that follows a PI 3-kinase-dependent manner (Schwarzer et al. 2005). OLs partake in a
metabolically expensive maturation process and the production of myelin, so it is important to be
able to respond to appropriately to nutrients available. This is why trib3 is an important
contributor to the activity of OLs and the activity of this pseudo kinase under normal and starved
conditions needs to be understood. By understanding the changes in expression of Trib3 in fed
and starved states, the nutrient sensing pathways could be better understood in OLs.
Trib3 expression could also play a role in myelin pathology, which is why its expression
in OLs needs to be understood. Demyelination is the breakdown of the myelin sheath. When
demyelination occurs, it can lead to a plethora of consequences that include not only cellular
stress but could lead to cell or neuronal death. Trib3 has been researched in the context of the
mechanisms of myelin breakdown. In the demyelination (dmy) rat trib3 expression precedes
prominent myelin breakdown (Shimotsuma et al. 2016). Research has shown that in dmy rats
experiencing myelin destruction, Trib3 expression is increased, however the exact role of the
increased levels of Trib3 is not understood (Shimotsuma et al. 2016). Trib3 is known to have a
role in ER stress-mediated apoptosis in rodents and humans (Abe et al. 2015). Cuprizone, a
demyelinating agent, stimulates trib3 expression in the dentate gyrus (Abe et al. 2015). Trib3
may therefore play a major role in myelin pathology and in particular when the myelin is being
broken down and not functioning properly. The role of trib3 is important to understand because
if its expression in OLs is understood, then issues such as demyelination might be able to be
fixed.

Leucine Sensing:
The availability of amino acids is very important for the maturation of OLs and the
production of the myelin sheath. Leucine is a branched-chain amino acid that has been studied in
the context of mTOR signaling and recognized for signaling properties in cancerous cells (Aylett
et al. 2016) . Understanding leucine sensing in oligodendrocytes is important because it serves as
a proxy amino acid availability. Leucine directly stimulates mTOR activity in the hypothalamus
to decrease food intake and no other amino acid has been observed to regulate mTOR activity in
the hypothalamus (Cota et al. 2006). Leucine has also been shown to independently stimulate
mTOR signaling in experimental models of human skeletal muscle (Gran and Smith 2011).
In addition, trib3 has also been studied in the context of leucine sensing. Consumption of a leucinedeficient diet has been shown to increase Trib3 expression in the anterior piriform cortex (Ord et
al 2014). Trib3 protein levels were also shown to be induced in wild-type mouse embryonic fiber
blasts (Jousse et al. 2007).
While leucine administration or starvation has been studied in various contexts, this amino
acid could play an important role in OLs in particular. To date, there has not been much research
conducted or conclusions made about the effects of leucine deprivation in OL cells. Amino acid
deprivation can have a plethora of consequences, especially in a cell that requires as many nutrients
as OLs do. This is why the present study will analyze how trib3 expression is affected by leucine
deprivation, in order to get a better understating of how trib3 reacts to nutrient withdrawal and the
specific affects that leucine has on trib3.

Goals of this Study:
The major goal of this research is to characterize the expression levels of mTOR and
trib3 in oligodendrocyte cells. The first experimental question is, how does mTOR expression
vary as the OLs age? Since the maturation process of the oligodendrocytes is very specific and
inhibition of mTOR at later stages prevents full maturation, expression of mTOR at different
stages of the lineage was analyzed. RNA will be harvested from cells at different points in the
lineage in order to be able to compare expression levels of mTOR in the early progenitor stage
and the fully mature OL stage.
Another question this research aims to answer is, how does nutrient availability alter trib3
expression? Some day 4 OLs will be deprived of leucine, and others will be provided all
necessary nutrients to see the effects of leucine withdrawal on trib3 expression. By analyzing this
data, a bigger picture can be painted to demonstrate the effects that OL age and nutrient
availability have on expression of nutrient sensing and cellular stress genes.

Materials and Methods
Cell Culture:
Enriched oligodendrocyte cell cultures were prepared from the forebrain of neonatal rat
pups. The rats were aged 0 to 3 days old and were ethically sacrificed according to Trinity
College’s IACUC. Under a sterilized fume hood, brains were removed and placed in a petri dish
of HE (Hepes-EBSS). The telencephalon was isolated after separation of the hindbrain and
olfactory bulb. Once the telencephalon was isolated the hemispheres were separated and the
meninges were removed from using filter paper.

Following the removal of the meninges, the samples were finely minced and added to
25ml of trypsin HE and then transferred to a sterile 500ml bottle before shaking the solution in
the shaking incubator at 110 rpm for a duration of 20 minutes at 37 degrees Celsius. Following
the shake, trypsinization was terminated through the addition of a trypsin inhibitor, SBTI, at
0.2ml/10 ml trypsin. Extracellular DNA was digested by adding MgSO4 at a volume of 0.2ml/10
ml trypsin and DNase stock at a volume of 0.1ml/10 ml trypsin and then incubated at room
temperature for 5 minutes.
Next, the tissue solution was transferred into 4-50ml conical centrifuge tubes. The
samples were then centrifuged for 1 minute at 2000 rpm. The supernatants were then removed by
aspiration, avoiding the pellet. The pellets were then resuspended through trituration in 5 ml of
Trituration DNase (80µg/ml). Once a single cell suspension was created, samples settled for 5
minutes. The top 4 ml of the 4 tubes was then transferred to one, new 50ml tube. The remaining
1ml of the 4 tubes was then combined into one of the 50ml tubes and 1ml of Trituration DNase
was added. After this sample settled, the top 4ml of it was taken and added to the 50ml tube with
the other top 4ml from the previous tubes. The tube was then centrifuged, and a pellet was
formed and aspirated. The pellet was resuspended in 50ml of 5% FBS. 5ml of the cell suspension
was then added to each T75 flask along with 10ml of 5% FBS for a total of 15ml per flask. Cell
cultures were fed every 3-4 days for the next 9-11 days.
Once the cell cultures had been seeded in the T-75 flasks for 9-11 days, the
oligodendrocyte progenitors were separated from the astrocytes by shaking the samples
overnight at 200RPM in the orbital shaker at 37 degrees Celsius. Oligodendrocyte progenitors
were then seeded on various sizes of poly-L-Orithine plates and were exposed to various
experimental conditions.

Feeding/Starvation:
The main purpose of this experiment was to determine the effects of nutrient deprivation
on trib3 expression in the OLs. All starvation experiments were conducted only using Day 4
cells. Before RNA harvest, some of the cells were provided with all the typical nutrients through
the use of N2 medium which is, serum-free defined medium [DMEM supplemented with human
transferrin (50 μg/mL), bovine pancreatic insulin (5 μg/mL), 3,3,5-triiodo-L-thyronine (10
ng/mL), sodium selenium (30 nM), D-biotin (10 ng/mL), hydrocortisone (10 nM), sodium
pyruvate (0.11 mg/mL), penicillin-streptomycin (10 IU/mL and 100 μg/mL, respectively)] and
0.1% BSA (from Sigma). The other cells underwent a 2-hour or 24-hour starvation period where
they were deprived of leucine by using an N2 Lim medium that lacked leucine. After the
starvation period, their RNA was harvested.

RNA Isolation:
RNA isolation was performed on day 1 and day 4 cells. RNA harvest was conducted
following a Trizol/RNeasy hybrid extraction protocol. The starting material was homogenized
using TRIzolÔ Reagent (1ml per 0.1g of tissues) and plates were scraped, and the sample was
transferred to a centrifuge tube and stored at room temperature for 5 minutes. Chloroform was
added to the homogenate (0.2ml chloroform per ml TRIzol used) and tubes were shaken
vigorously for 20 seconds and then stored at room temperature for 3 minutes. Samples were then
spun in the centrifuge for 15 minutes at 12,000g, 4 degrees Celsius. The aqueous phase was then
removed, avoiding the interphase, and placed in a new, sterile RNase-free tube. An equal volume
of 100% RNA-free EtOH was added and the sample was loaded into an RNeasy column (Qiagen
kit) in volumes up to 700ml. Once the sample was loaded, it was spun in the centrifuge for 30

seconds at 8,000g and flow through was discarded. Next, 700µl of RW1 buffer (Qiagen kit) and
the columns were spun 30 seconds at 8,000g and flow through was discarded. The rinse with
RW1 buffer was performed twice. Then 3 rinses with 500µl of buffer RPE (Qiagen kit) were
performed with spinning for 30 seconds at 8,000g and discarding the flow through after each
rinse. Then, the column was spun for 1 minute at 8,000g to get rid of any remaining buffer. The
column was then transferred to a new 1.5µl collection tube and 30µl of RNase-free water was
put directly on the column. After sitting at room temperature for 1-2 minutes, the RNA was
eluted by spinning the column for 1 minute at 8,000g. The RNA was then quantified and stored
at -80°C.

Quantitative Polymerase Chain Reaction (qPCR) :
qPCR was performed to determine expression levels of mTOR and trib3 in the different
experimental conditions of the cells. In order to determine the change in expression of mTOR
and trib3, GAPDH and HPRT1 were used as internal controls. The qPCR was performed using
the iTaqÔ Universal SYBRÒ Green One-Step Kit on the CFX Connect Real-Time PCR
Detection System by Bio Rad. Experiments were typically run in duplicate, if not triplicate.
Samples were prepped using 0.25µl of reverse transcriptase per well, 10µl of 2x mix per well,
and 1µl of each primer per well. Primer PCR SYBR Green Assays by Bio Rad were used for all
4 genes. 100ng of RNA was used per well and nuclease-free water was used to bring each total
volume per well up to 20µl.
When prepping the samples for qPCR, typically a master mix was made containing the
Reverse Transcriptase and 2x mix. Then, this mix was divided into 4 other tubes, one for each

primer. Then, the appropriate primer was added to each tube. These mixes were then added to
the plate and RNA and water was added individually to each well.

Results:
Optimizing Primers:
In order to have confidence in the results, the first step was to optimize what primers
were going to be used in the experiment. There were many rounds of trial and error in order to
determine what primers and which techniques worked best. Various primers for mTOR, trib3,
GAPDH, and HPRT1 were investigated before deciding which to use. Various primer lengths
were tested for each gene. After performing qPCR experiments with the primers and total rat
brain RNA, 10µl of the samples from the qPCR plate were collected and ran on a 2% agarose
gel. This was done in order to confirm that the correct genes were being amplified. Multiple
primers of different lengths were tested before settling on using verified primer assays from BioRad for each gene. In Figure 4, the verified primer assays for mTOR (120 base pairs) and trib3
(92 base pairs) were successfully amplified. In that experiment, the GAPDH primer that was
used was 68 base pairs in length, however it was not the verified assay that was used for the final
qPCR experiments. Unfortunately, no gels were run with the reference genes GAPDH and
HPRT1 verified primer assays being used in the qPCR.

Figure 4. Agarose gel run with qPCR samples that were run with verified primer assays for
mTOR (120bp) and trib3(92bp) and a primer pair for GAPDH (68bp), using total rat brain RNA.
The standard used was a Promega PCR marker.
In order to determine the amount of RNA needed to run the qPCR experiments, a gel was also
run with samples from a qPCR experiment that tested various amounts of RNA. In Figure 5,
HPRT1 and GAPDH primers were used to test 500, 250, and 100ng of RNA. These were not the
verified primer assays, as the experiment was run before it was decided to use the verified
assays. However, the purpose of this experiment was to determine if smaller amounts of RNA
could be used, and in future qPCR experiments 100ng of RNA was the amount used.

Figure 5. Various amounts of RNA (500ng, 250ng, 100ng) were used in a qPCR experiment that
was then run on an agarose gel. The primers used were GAPDH (844bp) and HPRT1(834 bp)
primer pairs were used. A 1 Kb DNA ladder standard was used.

Data Analysis:
The DDCq method was used to analyze the data gathered from the qPCR experiments.
This method is a mathematical technique that allows the Cq values, which is the cycle at which

the fluorescence level reaches a certain amount, to be directly used to determine the fluctuations
in expression of the genes of interest relative to the reference genes (Rao et al. 2013). First, the
DCq is calculated by determining the difference in threshold (Cq) between the target and
reference gene (Rao et al. 2013). Next, the DDCq is calculated by subtracting the DCq of the
reference sample from the DCq of the target sample (Rao et al. 2013). In the mTOR expression
experiments, the day 1 samples served as the reference samples and in the trib3 expression
experiments, the samples provided all nutrients with N2 media served as the reference samples.
The final step is to calculate the fold change of target gene expression relative to the reference
samples. This is done by calculating 2-DDCq. The relative gene expression is set to 1 for the
reference samples because their DDCq is equal to 0 and 20=1, then the target samples’ fold
expression are compared to this value of 1 to see if there is an increase or decrease in expression
within the experimental conditions (Rao et al. 2013).

Expression of mTOR as a Function of Development:
In order to see how gene expression changes throughout the development of OLs, mTOR
expression levels were measured at day 1 and day 4. All of these RNA samples were cultured
from cells that were provided all necessary nutrients and the only thing that varied was cell age.
While multiple experiments were run to investigate this topic, only one of the qPCR experiments
using 2 different cultures provided consistent results. From the 2 cultures 4 RNA samples were
used in this experiment. Sample 1 and 3 were from one culture. Sample 1 was day 1 cells and
sample 3 was day 4 cells. Sample 5 and 7 were from a different culture. Sample 5 was day 1 cells
and sample 7 was day 4 cells. For each analysis, the expression levels of mTOR at day 4 were
compared to the expression levels of mTOR in cells from the same culture at day 1 and were

compared to the internal references, GAPDH and HPRT1. Figure 6 shows the raw data that was
gathered from the qPCR experiment and then analyzed using the DDCq method.

D1 vs D4 cells GAPDH Reference
Sample/Condition
Cq ∆Cq
∆∆Cq(∆Cq-∆CqD1)
2-∆∆Cq
1, D1 , mTOR
22.77
0.725
0
1
1, D1, GAPDH
22.045
3, D4, mTOR
21.8175
-0.05
-0.775
1.71119005
3, D4, GAPDH
21.8675
5, D1 , mTOR
22.4025 2.2025
0
1
5, D1, GAPDH
20.2
7, D4, mTOR
22.67 1.1175
-1.085
2.12137548
7, D4, GAPDH
21.5525
D1 vs D4 Cells HPRT1 Reference
Sample/Condition
Cq ∆Cq
∆∆Cq(∆Cq-∆CqD1)
2exp-∆∆Cq
1, D1, mTOR
22.77
-2.65
0
1
1, D1, HPRT1
25.42
3, D4, mTOR
21.8175 -4.7525
-2.1025
4.29452926
3, D4, HPRT1
26.57
5, D1, mTOR
22.4025 1.0475
0
1
5, D1, HPRT1
21.355
7, D4, mTOR
22.67
1.45
0.4025
0.75654615
7, D4, HPRT1
21.22
Figure 6. qPCR data was analyzed using the DDCq method. Samples 1 and 3 were analyzed
together and sample 5 and 7 were analyzed together. The top portion is analysis using GAPDH
as the internal reference and the bottom portion is using HPRT1 as the internal reference. The
numbers highlighted in yellow show the expression fold changes in mTOR expression at day 4.
Figure 7 is a graphical representation of the qPCR data with GAPDH as the internal
reference shown in Figure 6. This data shows an increase in mTOR expression at day 4 for both
cultures using GAPDH as the reference gene. The gene expression fold changes were
1.71119005 for samples 1 and 3, and 2.12137548 for samples 5 and 7.

mTOR Expression at D4 (GAPDH)
2.5

Expression Fold Change

2

1.5

1

0.5

0
1vs3

5vs7
D1 mTOR

D4 mTOR

Figure 7. In comparison to day 1 cells, day 4 cells have an increased expression of mTOR when
using GAPDH as the internal reference. Sample 1 (day 1 cells) and 3 (day 4 cells) were from
one culture and sample 5 (day 1 cells) and 7 (day 4 cells) were from another culture. The
expression fold changes depicted by the orange bars were values of 1.71119005 for samples 1 vs
3, and 2.12137548 for samples 5 vs 7. The blue bars represent the reference sample expression
fold change, which is always 1.

Figure 8 shows analysis of the same cultures using the HPRT1 reference. This analysis showed
an increase in mTOR at day 4 when samples 1 and 3 were analyzed and a slight decrease in
mTOR at day 4 when samples 5 and 7 were analyzed. Expression fold change values were
4.29452926 for samples 1 and 3 and 0.75654615 for sample 5 and 7.

mTOR Expression at D4 (HPRT1)
5
4.5

Expression Fold Change

4
3.5
3
2.5
2
1.5
1
0.5
0
1vs3

5vs7
D1 mTOR

D4 mTOR

Figure 8. In comparison to day 1 cells the RNA sample 3 showed an increase in mTOR
expression fold change and sample 7 showed a slight decrease in mTOR expression fold change
using HPRT1 as the internal reference. Sample 1 (day 1 cells) and 3 (day 4 cells) were from one
culture and sample 5 (day 1 cells) and 7 (day 4 cells) were from another culture. The expression
fold changes depicted by the orange bars were values of 4.29452926 for samples 1 and 3 and
0.75654615 for sample 5 and 7. The blue bars represent the reference sample expression fold
change, which is always 1.
In 3 out of 4 of the analyses was increased mTOR expression in day 4 cells. However,
when analyzing the data using HPRT1 as the reference gene, there was some inconsistency with
the results and a slight decrease was observed for sample 5 and 7. Significance of the results was
not able to be determined and despite some inconsistency, majority of the results showed a trend
of increased mTOR expression at day 4.
Expression of trib3 as a Function of Leucine Withdrawal:
In order to determine the effects of leucine withdrawal on trib3 expression, day 4 cells
were starved of leucine for 2 hours or 24 hours before their RNA was harvested and analyzed
through qPCR. For these experiments, 3 different cultures were used, and 2 different qPCR

experiments showed consistent results that were able to be analyzed. RNA samples 3 and 4 were
from one culture, samples 7 and 8 were from a different culture and they were only exposed to a
2-hour withdrawal. The third culture was subject to both a 24 hour and 2-hour withdrawal to see
if the effects were more prominent if the withdrawal was longer. Figure 9 shows the data from
the qPCR experiment that was analyzed using the DDCq method and GAPDH as the reference
gene. Figure 10 depicts the same analysis but uses HPRT1 as the reference gene.
Effect of 2 Hour Starvation GAPDH Reference
Sample/Condition
Cq ∆Cq
∆∆Cq(∆Cq-∆CqN2)
2-∆∆Cq
3, N2, trib3
30.7525
8.885
0
1
3, N2, GAPDH
21.8675
4,N2 Lim, trib3
31.705
10.0925
1.2075
0.43301833
4, N2 Lim, GAPDH
21.6125
7, N2, trib3
29.0575
7.505
0
1
7, N2, GAPDH
21.5525
8, N2 Lim, trib3
29.9525
8.9675
1.4625
0.36286379
8, N2 Lim, GAPDH
20.985
N2, trib3
27.25 6.41700114
0
1
N2, HPRT1
20.83
N2 Lim, trib3
28.48 7.97026621
1.553265073
0.34073804
N2 Lim, HPRT1
20.51
Effect of 24-hour Starvation GAPDH Reference
N2, trib3
27.25 6.41700114
0
1
N2, GAPDH
20.83
N2 Lim, trib3
28.28 7.26897452
0.851973376
0.5540264
N2 Lim, GAPDH
21.01
Figure 9. qPCR data was analyzed using the DDCq method. This analysis used GAPDH as the
reference gene. The top portion of the chart is data from a 2-hour starvation and the bottom is
from a 24-hour starvation. There were 3 different cultures analyzed for the 2-hour stave and one
culture analyzed for the 24-hour starve. The numbers highlighted in yellow show the expression
fold changes in trib3 when cells were deprived of leucine.
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Figure 10. qPCR data was analyzed using the DDCq method. This analysis used HPRT1 as the
reference gene. The top portion of the chart is data from a 2-hour starvation and the bottom is
from a 24-hour starvation. There were 3 different cultures analyzed for the 2-hour stave and one
culture analyzed for the 24-hour starve. The numbers highlighted in yellow show the expression
fold changes in trib3 when cells were deprived of leucine.
Figure 11 is a graphical representation of the expression fold change after analyzing the
data using the DDCq method using GAPDH as the reference gene. There was a decrease in trib3
expression when cells were deprived of leucine for all experiments. The expression fold change
values depicted in Figure 11 were values of 0.43301833, 0.36286379,0.34073804, and
0.5540264. These values were compared to the fold expression of 1 for the reference sample
demonstrate the decrease in expression.

Expression Fold Change

Trib3 Expression (GAPDH)
1.2
1
0.8
0.6
0.4
0.2
0
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sample 7vs8-2hr starve

N2 Lim, trib3

Figure 11. When cells were deprived of leucine using N2 Lim media, there was a decrease in
Trib3 expression. The 24 hr starve and 2 hr starve samples were RNA samples that were from
the same culture and were exposed to different withdrawal periods. Samples 3/4 and 7/8 were
from two separate cultures. The orange bars depict the gene fold expression change when cells
lacked leucine and are values of 0.43301833, 0.36286379,0.34073804, and 0.5540264.
Expression fold change values depicted by the blue bars is the reference sample expression fold
change, which is 1.
Figure 12 is a graphical representation of the expression fold change after analyzing the
data using the DDCq method using HPRT1 as the reference gene. For 3 out of 4 of the
experiments, there was a decrease in trib3 expression when cells were deprived of leucine with
expression fold change values of 0.56372495, 0.67706443, and 0.24316374. However, 1 out of
the 3, 2-hour starve experiments showed a slight increase, with an expression fold change of
1.11149388.
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Figure 12. When cells were deprived of leucine using N2 Lim media, there was a decrease in
Trib3 expression for 3 out of 4 experiments. The 24 hr starve and 2 hr starve samples were RNA
samples that were from the same culture and were exposed to different withdrawal periods.
Samples 3/4 and 7/8 were from two separate cultures. The orange bars depict the gene fold
expression change when cells lacked leucine and are values of 0.56372495, 0.67706443,
1.11149388 and 0.24316374. Expression fold change values depicted by the blue bars is the
reference sample expression fold change, which is 1.
Overall, the results for trib3 expression fold change as cells were deprived of leucine
demonstrate that there is a decrease in expression. However, there was some inconsistency when
HPRT1 was used as the reference gene and one experiment showed a slight increase in trib3
expression. Significance of the results was not able to be determined and despite some
inconsistency, majority of the results showed a trend of decreased expression of trib3 when cells
were deprived of leucine.

Discussion:
The objective of the present study was to analyze the expression of mTOR in day 4 OLs
compared to day 1 OLs and the expression of trib3 when day 4 OLs were deprived of leucine. It
has previously been demonstrated that mTOR expression is crucial for oligodendrocytes to
terminally differentiate in later stages of the lineage (Guardiola-Diaz et al. 2012). It has also been

demonstrated that trib3 is a psuedokinase that has been shown to play important roles in cellular
stress (Schwarzer et al. 2006). By looking into expression of mTOR and trib3, there will be able
to be a better understand of the nutrient sensing pathways in the OLs. This study was able to
demonstrate that there was increased expression of mTOR at day 4 and decreased expression of
trib3 when cells were deprived of leucine. However, more experiments need to be done to
determine the reproducibility of these results and further analyze the relationship between
expression of trib3 and mTOR in OLs.

mTOR Expression :
Results presented in this study demonstrated that there was an increase in mTOR
expression observed at day 4 of the OL lineage. As previously discussed, it has been shown that
when mTOR inhibition by Rapamycin prevents earlier stage OLs from terminally differentiating
to mature OLs (Guardiola-Diaz et al. 2012). mTOR has also been shown to be one of the main
regulators of myelin sheath growth and the mTOR pathway is believed to have an essential role
in myelin maintenance in an adult OL (Lebrun-Julien et al. 2014). There has also been research
done to analyze the potential abilities of adult oligodendrocytes to be able to remyelinate. There
is evidence in two models of demyelination that adult oligodendrocytes can play a role in
remyelination in the spinal cord (Duncan et al. 2018). Thus far, mTOR research has
demonstrated that there are many different roles mTOR expression has in the terminal
differentiation of OL and the functions of mature and adult OLs. With this in mind, this could be
the reason the present study observed an increased expression of mTOR at day 4, a later stage in
the OL lineage. However, more experiments need to be done to be able to determine significance
and draw conclusions from the results. While more research needs to be conducted to understand

the pathways of mTOR, based on the results in this study, there is likelihood that higher
expression of mTOR is critical at later stages in the OL lineage and adult OLs.

trib3 Expression:
Results presented in this study demonstrated that there was a decreased expression of
trib3 in day 4 OLs when they were deprived of leucine. These results conflict with previous
research that has demonstrated an increased expression of trib3 when there is a lack of nutrients
and other cellular stressors present. In particular, during the stimulation of ER stress-related
pathways, trib3 has been shown to be upregulated and then has an inhibitory mechanism on
mTORC1 which then leads to autophagy (Vara et al. 2011). The starvation experiments
analyzing trib3 were conducted on day 4 cells, and in the mTOR results there was increased
expression of mTOR in day 4 cells. There could be a mechanism by which mTOR, with its
increased expression, is able to act on trib3 and decrease the expression of the gene at this stage
of development so that OLs can terminally differentiate, resulting in less trib3 expression.
Previous research has also shown that both a lack of glucose and amino acids causes an
increase in trib3 expression (Schwarzer et al. 2006). Specifically, in prostate cancer PC-3 cells
trib3 has shown an increased expression after a lack of glucose or amino acids (Schwarzer et al.
2006). Mice fed a leucine-deficient diet have shown an up-regulation of trib3 in their livers as
well (Carraro et al. 2010). Experiments using HEK293 cell lines have also shown an induction of
trib3 mRNA and protein levels when cells are deprived of glucose (Ord et al. 2015). While the
results of the present study conflicts with much of the previous research to date, there are a few
potential reasons for this. First, many of the studies conducted analyzing trib3 expression during
nutrient deprivation has been conducted using cell lines. This is different than the

oligodendrocyte cell cultures used in the present study. In addition, research has also been
conducted in cancer cells in areas other than the central nervous system, such as the liver.
However, the present study, was focused on the central nervous system and in particular, the OL
cells. The duration of the starvation period could have also played a role and the ideal duration of
leucine withdrawal was not optimized in the present study.
Although there are differences among the present study and past research that could have
caused the discrepancies with the results, the significance of the results in this study were not
able to be determined. Therefore, it is difficult to rationalize the exact reasons for the
discrepancies.

HPRT1 Inconsistency
Results from both the mTOR and trib3 experiments showed discrepancies when the
HPRT1 reference gene was used as the internal control. With the data available, it was not able
to be determined why the results did not follow the same trend when HPRT1 was used to analyze
the qPCR results. The inconsistency in these results also made it more difficult to draw
conclusions about the trends occurring in gene expression for both experiments. Using a different
reference gene might be more beneficial in the future. GAPDH showed consistent results
throughout both experiments and finding another reference gene that shows consistent results in
the experiments could allow for more conclusive results.

Limitations
In both the mTOR and trib3 analysis in this study, there was a limited amount of data that
was gathered. Ideally, more experiments would have to be run to draw more conclusions and

determine significance of the expression levels of mTOR as OLs age and of the expression of
trib3 as OLs are deprived of leucine. These results are very preliminary, and in particular the 24hour starvation period conducted for the trib3 experiment was only able to be tested once using a
limited amount of RNA samples. Ideally, the 24-hour starvation period would have been tested
with more experiments, to see if there was a difference between the starvation duration and to
optimize the procedure to gather the most conclusive results.

Future Directions
Since significance was not able to be determined for the results of the present study, the
main goal in the future would be to run the same experiments again to have more data to work
with and to test the reproducibility of the present results. In addition to running the same
experiments presented here, it would also be interesting to implement other starvation periods
that are longer than 24 hours or in between the range of 2-24 hours to see if there is any change
in trib3 expression. There is also a lack of research on trib3 expression in OLs, so it would be
beneficial to continue to look at the expression in these cells specifically. Another direction for
the future would be to analyze mTOR expression at other stages of development and in adult
OLs. Overall, mTOR and trib3 pathways are still not completely understood. By gaining an
understanding of mTOR and trib3 expression during starvation of leucine or aging of OLs,
hopefully there can be a better understanding of the roles their pathways play in the OLs.
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