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Alina Luu
Cleveland High School
5/28/25
noplastic Ex re in Wild T Mi ive Effects on
Cardiovascular Health

Hypothesis and Specific Aims
Wild type mice injected with a nanoplastic solution will experience negative side effects to their

cardiovascular system. Mice injected with nanoplastic solution will have a buildup of arterial plaque in the
form of concentrated lipids: The accumulation of nanoplastics within the mice hinders the gene regulation of
lipid production. It triggers the activation of the PERK-ATF4 pathway in mice, causing an uncontrolled
increase in lipid production. This lipid production outpaces the body’s metabolism, leading to an increase in
lipid buildup within the arteries. Plaque comes from the buildup of lipids and causes atherosclerosis when
there is a buildup of plaque within the arteries. Atherosclerosis causes a blockage in blood flow leading to
various diseases related to the cardiovascular system as blood is not being adequately transferred (Yu, 2024).
The nanoplastic solution will cause an increase in oxidative stress levels in cardiovascular tissue: Increased
exposure of nanoplastics increases the production of reactive oxygen species, which are unstable molecules
that are produced during metabolism. Reactive oxygen species are capable of oxidizing the DNA’s nucleotide
bases, causing mutations and oxidative stress to the cell. Oxidative stress is particularly harmful because it is
capable of damaging cell structure, potentially killing it (Wen et al, 2024).

Background
There has been an increasing accumulation of plastics on our earth. It can be found in virtually

everything that we use in our day to day lives. It is widely versatile as it can be used in a variety of physical
forms while staying easy and cost efficient to produce for companies. Plastic can be found in our homes,
devices and even our food. With the increasingly rapid production of plastic, the accumulation of plastic waste
only continues to grow. Unlike organic materials that are able to biodegrade and decompose over time, plastic
is nearly invincible. If left in a landfill, plastic won’t biodegrade unless left for thousands of years. When left
to weather over time, plastic continues to break apart into smaller and smaller nanoplastics but never fully
degrade (United Nations, (n.d.)). These nanoplastics easily spread throughout our planet and environment,
seeping into the soils and waters of our earth. Plants absorb the nanoplastics as they grow, increasing their
chemical toxicity. Plastics are made up of a variety of chemicals like forever chemicals and bisphenol A,
which are chemicals that are capable of damaging our immune system (Heal-Admin, 2022). This causes a
domino effect across animals and humans, increasing the consumption of nanoplastics in the human diet. Past
research has demonstrated nanoplastic exposure can induce cellular toxicity within mammals through damage
to the cell structure and immune systems response. The severity of damage is directly correlated with the
plastics size and length of exposure. Nanoplastics have been a strong point of concern because of their
incredibly small size, and therefore ability to damage our bodily systems (Banerjee, 2021). Humans
experience prolonged nanoplastic exposure in our diets as everything we consume has nanoplastics in them.
Despite this, not much research has been done on the effects of nanoplastic exposure to one of the most
crucial systems in our bodies, the cardiovascular system. One team of researchers sought to study the effects
of nanoplastics to the cardiovascular system through looking at lipid accumulation, inflammation and
oxidative stress in ApoE-/- mice. These three factors are key triggers of atherosclerosis, which is a disease
from the buildup of arterial plaque (Wen et al, 2024). This research proved that prolonged nanoplastic
exposure has negative effects on the cardiovascular system of ApoE-/- mice, but these results were heightened
by the mice’s inability to metabolize lipids. ApoE-/- mice lack gene expression for the production of



apolipoprotein E, which is a crucial protein involved in the transportation of lipids throughout your immune
system. A lack of these proteins slows the rate of your body's lipid metabolism (Wen et al, 2024). The goal of
this research is to examine if the same results can be seen in wild type mice, in order to see if these results
from previous research can be validated and translated to the healthy human cardiovascular system. We can
predict that we will see negative effects on the cardiovascular system of the wild type mice.

Research Design and Methods
In the study that we are referencing, done by a team of researchers from China, they performed the

research experiments on a group of male ApoE-/- mice aged 7 weeks old (Wen et al, 2024). To keep
maximum accuracy when comparing our results to that of the study, we are going to be performing these
experiments on the same sex and age group of male wild type mice. We are also going to be administering the
same concentrations and performing the same experiments to limit the amount of confounding variables
when comparing our results to that of this study. We are going to have an overall group of ten mice since this
is the number of mice used in the reference study, splitting five between our two different experiments. These
mice will be fed the same diet over the span of their 7 weeks growth and kept in the same living conditions to
ensure consistency across the mice models. Each mouse will weigh roughly the same, within 5% of their
average weight. At 7 weeks old, these mice will be administered a nanoplastic solution through gavage at
increasing concentrations of 50, 100, 150, and 200 pg/mL. Each group of five mice will have one control that
is administered with no nanoplastic solution and the following four mice will be administered the increasing
concentrations until the concentration of 200 png/mL. We will mark the mice with a color corresponding to the
concentration they were administered. The mice will be administered the nanoplastic solution once a day over
the span of 3 months. After the last administration,
the mice will be fasted for a day

before being sacrificed under anesthesia. The
aortic tissue and liver of the mice will be collected
for study (Wen et al, 2024).

To observe the accumulation of lipids within the
aortic tissue of the mice, we will use an ultrasound
imaging system to obtain ultrasonic biomicroscopy
images of the aorta. We will pair these images with
color doppler flow imaging to observe the blood

Figure 1: Color doppler flow imaging of mice aorisc arch
from reference study { Wen et al, 2024)
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staining, which will allow us to observe lipid
density and accumulation (Wen et al, 2024).

To observe the oxidative stress levels in the mice,
we will be looking at their gene expression after
exposure to nanoplastics through their liver samples. We are going to focus on the ABCA1 and ABCG1
genes because they are involved in the transportation of cholesterol (Wen et al, 2024). Cholesterol helps
metabolize lipids throughout the body. When looking specifically at the liver, cholesterol helps form acids for
lipid digestion and metabolism. A lack in the transportation of cholesterol would lead to a molecule
imbalance and oxidative stress. Since they are inversely related to each other, looking at cholesterol levels
will help us see if oxidative stress is active (Feingold, 2024). We also want to look at the

Figure 2: (hl Red O staiming of mice aortic arch from reference
study (Wen et al, 2024)



expression of the SOD gene as it is a gene that helps fight against oxidative stress (U.S. National Library of
Medicine, (n.d.)). A lack in the expression of this gene would indicate there is an increase in oxidative
stress. We are going to use RT-qPCR analysis to quantify the expression of these genes within the liver
samples (Wen et al, 2024).

Summary and Significance
When observing lipid accumulation in the aortic arch of the mice, we expect to see an increase in

lipid accumulation as the nanoplastic solution concentration increases. This causes a decrease in blood flow
within the aortic arch because of the increasing buildup of lipids, creating a blockage. We can also expect to
see an increase in lipid density from the Oil Red O staining of the aortic arch. From the RT-qPCR analysis
we predict there to be a decrease in the expression of the ABCA1, ABCG1, and SOD genes. Collectively, a
down regulation in these genes will cause a decrease in the transportation of molecules and production of
oxidative stress fighting proteins, leading to an increase in oxidative stress. These results will lead us to
believe that there is a direct correlation between nanoplastics and the development of atherosclerosis as these
are key triggers of the disease. The results we gather from our experiments on wild type mice should align
with the results of the reference study on ApoE-/- mice. Some potential limitations that we could encounter
are unforeseeable health conditions and premature death within the mice. There were no premature deaths in
the comparative study but there is always the possibility with the development of atherosclerosis. We could
also end up not seeing any changes within the lipid accumulation and oxidative stress of the mice, meaning
that the results in the comparative research were solely due to the usage of ApoE-/- mice. We are also only
using male mice in this study so our data isn’t completely applicable to female mice. This research would
help prove the negative effects of nanoplastic exposure on the cardiovascular system and encourage more
research to be done on its correlation to the human body as we are increasingly being exposed to
nanoplastics everyday.
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Using OCT to investigate potential mechanisms relating to inflammation and loss of
residual hearing post-operation of a cochlear implant.

Hypothesis and Specific Aims

Hearing loss affects over 430 million people worldwide, Cochlear Implants are a popular method for
combating severe hearing loss as they can be paired effectively with regular hearing aids. Implants using
Electric Acoustic Stimulation (EAS) can help stimulate auditory nerves past their natural capacities allowing
patients even with severe hearing loss to regain most of their low-frequency hearing. However, some patients
experience rapid degradation of their residual hearing following their implant operations. Many studies have
attributed this effect to symptoms surrounding inflammation located in the scala tympani. However, the direct
consequences of this inflammation and its impact on the ears physiology remains unclear. Recently, Hyzer and
colleagues investigated whether fibrosis had potential effect on hearing loss, and found that soft-tissue fibrosis
had no effect on hearing loss and it concluded that “there may be alternative mechanisms related to
inflammation that contribute to hearing loss” (Hyzer et al., 2024). The objective of this study is to visualize
and characterize inflammatory processes within the scala tympani by inducing inflammation in Guinea Pigs
similar to postoperative conditions. I hypothesize that inflammation induces structural and microvascular
changes that result in hearing loss and that these can be detected and characterized using Optical Coherence
Tomography (OCT).

Background

Cochlear implantation often induces an inflammatory and fibrotic response (Rahman et al., 2023).
Inflammatory responses can be of two kinds, acute inflammation and chronic inflammation. Acute
inflammation is seen immediately following implantation and is characterized by recruitment of neutrophils.
This phase is also associated with mast cell degranulation and the release of chemical mediators. Macrophage
adhesion to biomaterials then occurs and inflammatory cells release several cytokines and chemokines. These
biological occurrences can lead to swelling and pain of the infected site. If the acute phase is unresolved,
inflammation turns chronic and a persistent inflammatory environment is established. In this phase
macrophages fuse with each other and form foreign body giant cells (FBGCs). The chronic phase is also
characterized by recruitment of lymphocytes and their interactions with macrophages (Anderson et al., 2008).
Chronic inflammation can lead to changes in tissue and bone growth in the impacted areas.

Both these inflammatory reactions have effects in the cochlea that could make way for residual hearing
loss. Hyzer and colleagues recently found that corticosteroids
improved hearing and ABR response values. Corticosteroids
are a common pharmacotherapeutic used to treat inflammation,
providing evidence that inflammation and its mechanisms
contributed to the loss of residual hearing loss. This study also
found no correlation between tissue fibrosis and loss of hearing,




indicating inflammation, but not fibrosis, may be associated with changes in hearing (Hyzer et al., 2024).
Another product of inflammation in the cochlea is the ossification in the inner cochlea structures causing
unwanted bone growth and increased bone density. Due to this abnormal growth the hair cells and the organ of
Corti may be damaged and eventually sensorineural hearing loss occurs (Tokat et al., 2022). Inflammation is
also known to cause pathological consequences that have been observed in animal models of cochlear
inflammation. These include degeneration of hair cells of the organ of Corti, disruption of fibrocytes in the
spiral ligament, loss of interdental cells of the spiral limbus, swelling of the stria vascularis, and vascular
damage (Tan et al. 2013). To observe any structural and microvascular abnormalities we will use OCT. Optical
coherence tomography (OCT) is a non-invasive technique for cross-sectional tissue imaging, originally created
for eye structures. It typically uses light in the near-infrared spectral range which has a penetration depth of
several hundred microns in tissue (Aumann et al., 2019). The backscattered light is measured with an
interferometric set-up to reconstruct the depth profile of the sample at the selected location. New trends show
the ability of functional OCT to image flow, polarizing properties of tissue and even mechanical properties like
elasticity. This feature is extremely helpful in applications of this technology in other areas of the body and in
this study the cochlea and inner ear (Aumann et al., 2019).

Picture 1: OCT
imaging technology

Research design and methods
In this study we will have 3 groups: 2 experimental groups (1 receiving acute inflammation and 1
chronic inflammation) and 1 control group. The inflammatory reaction for chronic inflammation can be
induced in animals using a lipopolysaccharide injection (Ma et al., 2022). Each group will consist of 10 Albino
Dunkin-Hartley Guinea Pigs. Both groups will consist of both male and female
Guinea Pigs of the same species, of similar weight/size for the respective sex, and
o are around the same age.

L o —— Picture 2: Albino Hartley Guinea Pig

The first experimental group or the acute inflammation group will be implanted with cochlear implants
(CIs). This will simulate the effects of acute inflammation following a cochlear implant procedure. Similar to
the Hyzer et al. study the animals will be anesthetized initially with ketamine (30 mg/kg IM) and xylazine(3-5
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mg/kg IM), then anesthesia was maintained using isoflurane (dosing: 2%-3% in 100% oxygen with a flowrate
of 3 L/min; increase to 3% during incisions; decreased to 2%-2.5% after major surgical procedures such as
drilling, and dissecting are completed; decreased to 1.5%-2% during
suturing; flushed with oxygen for a few minutes after completion of
surgery). A single surgeon will perform all procedures and the CI group
will be administered implants following the 2025 American Veterinary
Medical Association Guidelines. All animals will have OCT imaging
done on their cochlea pre-operatively as well as 10 days postoperatively
to monitor any changes in the ear following the inducing of
inflammation.

Picture 3: Lipopolysaccharide (LPS) Injection

The second experimental group will not be given cochlear implants but will be administered a
Lipopolysaccharide (LPS) injection. This injection will induce inflammation similar to the chronic
inflammation found in a patient post operation of a cochlear implant. For the LPS group we will inject them
with a dosage of 0.5 mg/kg/day to maintain the effects of chronic inflammation directly in the cochlea. Similar
to the acute inflammation group, we will conduct OCT imaging before injection and following the last
injection. This will also allow the Guinea pig to experience chronic inflammation sooner than if they received
an implant as the inflammation takes place quickly, allowing us to isolate the effects of inflammation from
other changes that might occur after the implantation of a cochlear implant.

The control group will not receive any experimental manipulations and will each be scanned twice for
normal cochlea activity on the same timeline as the two experimental groups. All of these images will be
effectively compared to images taken from the healthy control group. The study will compare the images to
look for any abnormalities specifically looking at bone growth or blood vessels and vascular components and
correlate any resultant changes to changes in hearing. These comparisons will be performed manually by expert
otolaryngologists experienced in evaluating OCT images. Following the OCT imaging, the Guinea pigs will
have an ABR test to test for hearing loss of any kind. This test will be administered before the induction of
inflammation and after for 10 days. This will directly test that the inflammation induced either by cochlear
implants or chronic LPS treatment yields hearing loss. We can then further characterize the physiological
consequences of this inflammation using OCT, potentially uncovering important characteristics of
inflammation-induced hearing loss. While most of this data is qualitative to begin with, we will quantify this
data on a predetermined scale to show growth and changes in the scala tympani. Once comparison has been
complete we will hopefully be able to find the mechanisms of an inflammatory response to Cochlear
Implantation and its potential relations to the degradation of residual hearing. Ultimately, the goal of this study
is to identify the direct link between cochlear implants, inflammation, and degeneration of hearing.
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Summary and significance

In summary, during this study, we will be observing the effects of inflammation and its mechanisms of
the cochlea and relate it to potential symptoms and residual hearing loss followed by cochlear implant surgery.
By observing acute and chronic inflammation and comparing it to a control group we can see how the inner
cochlear structures are affected by the different kinds of inflammation and monitor any changes during the
transition between these inflammations. Looking for microvascular and structural changes in the cochlea can
also help us find appropriate treatments and isolate specific mechanisms that contribute to residual hearing loss.
This can help us improve cochlear implantation procedures by creating alternative methods that can combat
inflammations. Some limitations include how effective the LPS injections are in simulating chronic
inflammation and OCT being used in a cochlear study. LPS injections have been previously tested in mice and
have been used to simulate chronic inflammation in various tissues, but is unexplored in the ear. As this is a
novel region of testing LPS in Guinea pigs, we will first conduct a dose-response curve to ensure appropriate
dosage to simulate accurate effects of chronic inflammation in the scala tympani. OCT was originally invented
for optical studies and has not been verified to be used in the ear. The images could be inaccurate or the ear and
its structures might not be compliant with OCT imaging guidelines. While past studies on the cochlea have
successfully utilized OCT and therefore we are confident in its usage for this experiment, we can also use
traditional post-mortem measurements to evaluate changes in anatomical structures.

The goal of this study is to test the direct relationship between inflammation and residual hearing loss
following cochlear implantation, and could help researchers and medical professionals identify novel
therapeutic approaches to prevent residual hearing loss. This study would also be the next step into looking at
inflammatory responses in ears using cutting-edge imaging technology and progress our understanding of the
anatomical and pathological complications surrounding inflammation in the inner ear.
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August Liu
David Douglas High School
5/28/2025

Chemotherapy and Radiation vs Radiation, What is Best for Anaplastic Ependymomas?

Hypothesis and Specific Aims

Pediatric patients diagnosed with Anaplastic Ependymoma have improved survival when treated with
chemotherapy and radiation than with radiation alone. The specific aims in this study are to find out the side
effects of chemotherapy and radiation (C+R) versus the side effects of radiation alone, the quality of life
patients have after respective treatments, and the average time treatment takes compared between the two
treatment paths. Many variables could come from the side effects of C+R and conducting an investigative
study would prove fruitful as to revealing what they are as well as how much they affect the patient. Quality of
life, which could influence treatment duration, adherence, and tolerance, is a topic historically
under-researched in pediatric oncologic studies'. By investigating these aims, it may provide a clearer
understanding of treatment efficacy and what is best for patients—a quicker treatment and much more
manageable one? The overall goal of this research is to better understand the treatment course, outcomes, and
whether overall survival can be improved with additional treatment modalities.

Background

Relapses occur in 50% of pediatric ependymoma cases and have a poor prognosis®. Anaplastic
Ependymomas are often hard to treat and tend to recur even after treatment. These particular types of
ependymomas are malignant and incredibly fast-growing tumors, consequently being classified as a WHO 111
grade tumor. Ependymomas account for 6.8% of all gliomas, with the relative frequency being higher in
children, thus being a topic of interest®>. Most frequently, Anaplastic Ependymomas are found in the brain in
pediatric patients, as opposed to near the spine, which occurs frequently in adults®*™*. In a retrospective review
from 2019, the mean 5-year survival for pediatric patients with Anaplastic Ependymomas following surgery
and radiation is approximately 75%, with a progression-free survival of 56%°. Though surgery and radiotherapy
are established treatments for ependymomas, chemotherapy has yet to be established and research must be
conducted®. Since there are few cases, it could be considered unethical to put a patient only on chemotherapy if
radiation is the gold standard for treatment of this malignancy. Keeping that in mind, using a combination of
chemotherapy and radiation seems plausible to test, if a case-study were to be conducted with a suitable cohort.
Realistically, however, this study aims to use methods such as literature review and retrospective data analysis,
as cohort sizes are limited due to the rarity of the condition.
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Figure I shows the proposed outline of the study:
including retrospective chart review using data from
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Figure 1: Proposed outline

Research design and methods

The independent variable of this study would be the use of chemotherapy. The dependent variable
would be survival rates. Some confounding factors would be radiation dosage or type variation, as it highly
depends on the individual’s age, sex, ethnicity and frequency of chemotherapy administration. Taking into
account demographic factors such as age, sex, and ethnicity could fill in gaps in knowledge of the
epidemiology of Anaplastic Ependymoma. Any evidence of homogeneity in a demographic and associated
treatment outcomes could provide valuable insight for further research. The study would be primarily
quantitative as it is collecting survival rates, treatment duration, and quality of life scores. The participants in
this study will be pediatric patients who are under the age of 18 with Anaplastic Ependymoma, and the initial
sample size should be about 50 participants for the data to account for dropouts and exclusion criteria. An
ethical issue of this study would be waived informed consent, since the study is of very minimal risk. Potential
limitations for this study would be the small sample size due to the rarity of Anaplastic Ependymoma, and the
fact that this would be a retrospective study, meaning that it is only relying on existing records rather than
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gathering new information from the latest patients. A quality of life questionnaire, such as EuroQol
5-Dimensions 5-Levels (EQ-5D-5 L) should be sent to all participants—however, it is not guaranteed all of
them will respond.

The study will be conducted in collaboration with institutes across the world as it is best to get a
diverse pool of data, as well as increase the chances of getting a suitable sample size. Using the Kaplan-Meier
survival analysis, a test to estimate the survival of subjects over a period of time, to determine overall survival
rates between patients who underwent C+R and those who only underwent radiation for comparative analysis.
To prove a statistical difference between the two curves from the Kaplan-Meier test, we can then input the
values into a log-rank test for a qualitative measure (p-value) and into the Cox Proportional Hazards Model
(CPHM), a multivariable regression analysis, which would provide a quantitative measure. The CPHM would
account for more than one independent variable which would aid in the generalization of data and in turn
minimize limitations/weaknesses in the study. It would also provide a Hazard ratio, which gives a relative
event rate in the groups’. Events are defined as a specific outcome, which would be death in this study. How
long a patient lives following treatment would also be measured using the Hazard Ratio. The computer
software to be used would be Microsoft Word or Excel in order to increase efficiency in entering data.

In Table 1, it illustrates a suitable timeline and gives an ample amount of time for the tasks at hand, and
how they will be completed.

Table 1.
Phase Tasks Time frame
1. IRB Approval and - Submit and receive 1-2 months depending
Basic Planning IRB approval on how long the IRB
- Plan how to collect approval takes

and sort data

2. Data Collection - Identify eligible Months 2-4
patients
- Exclude based on
criteria outlined above
- Find specific and
relevant information
from medical records
- Check for accuracy of
data
- De-identify data

3. Data Management - Clean up data (quality Months 5-6
check,
inconsistencies)
- Finalize data set
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4. Analysis - Run Kaplan-Meier Months 6-7
survival analysis,
log-rank, Cox
Proportional Hazards
Models
- Make figures and
tables

5. Interpret Results - Analyze findings Months 7-8

- Identify limitations

and weaknesses of the
study

6. Write Report on - Write about the study Months 8-11
Findings and what we found

- Organize figures and
tables

7. Submit Report - Submit to a journal Months 11-12
- Revise with feedback

Summary and significance

In this study, retrospective analysis will be used to compare overall survival for pediatric patients with
Anaplastic Ependymomas who received chemotherapy and radiation compared to patients who received
radiation alone. The aim of this study is to improve survival rates in pediatric patients with the condition,
understand quality of life outcomes, classify side effects of C+R versus radiation, and quantify duration of
treatment courses. A potential result would be improved survival rates from patients who had C+R treatments,
which could pave the way to implementing it as a primary treatment for Anaplastic Ependymomas and related
tumors. However, the combination of chemotherapy and radiation could decrease survival rates, promote
intolerable side effects for patients, or demonstrate no difference in overall survival compared to radiation
alone. Further research could be aimed toward understanding the effects of chemotherapy monotherapy in the
treatment of Anaplastic Ependymomas. A primary limitation of this study would be the small sample size,
given the rarity of this malignancy, which could limit this study’s generalizability and statistical power. Using
only complete outcomes from patient data would significantly skew data to one outcome or the other, such as
living for 5 years as opposed to 1 year after C+R treatment. Measuring just chemotherapy and radiation versus
radiation rather than studying chemotherapy on its own also limits this study considerably. Without the
knowledge of what chemotherapy does on its own, do we know how significantly it contributes any
improvement in survival when combined with radiation? Difference in dosage and treatment exposure with
C+R is an aspect not explored in this study, and would be the next steps to further future treatments for
Anaplastic Ependymomas.

It’s important to conduct this study so that children with Anaplastic Ependymomas can
experience a better survival outcome and better quality of life.
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The Effectiveness of MenSCs derived B-cells in-vivo in comparison to IPSCs

Hyvpothesis and Specific Aims

I propose that Menstrual Stem cells (MenSCs) will allow for less invasive procedures with a greater
success rate and provide an exciting niche of stem cell research due to their personalized nature. Through
inspecting the effectiveness of MenSCs and Induced-pluripotent stem cells (IPSCs) derived B-Cells in vivo,
this study will investigate:

J = "_" 1. The duration of received benefit if successfully implanted
2. The post-acute rejection rate

—_—
-_L‘_‘ x 3. Differences in engraftment rates
a g - / Using these endpoints, I will be able to determine if MenSCs can
—— provide a benefit in future treatment of Type 1 diabetes (T1D).

Background

With the ability to self-renew and differentiate into an array of cells that can eventually function as
different kinds of tissues'®, stem cells provide a unique opportunity for regenerative medicine. For those with
T1D, this points to the opportunity of supplementing in-vitro derived beta cells to help with glucose and
insulin regulation.

While stem cells can be derived from a variety of sources a new candidate has emerged, which
simultaneously combats social stigma and couples non-invasive procedures with the possibility for more
accurate treatment. It has now been found that stem cells can be derived from menstrual blood (known
as MenSCs,) which have notably high proliferation rates and offer an exciting course forward'"”.

To provide a baseline comparison for the effectiveness of MenSCs, I examined induced pluripotent
cells (IPSCs) which have also gained traction and attention for their non-invasive and patient specific
qualities®'. While IPSCs are suspected to be able to differentiate into a wider variety of cells then MenSCs, and
both have relatively non-invasive derival aspects, IPSCs have been proven to contribute to tumorgeniracy'?.
This marks the importance of finding alternatively sourced yet equally productive stem cells.

Due to the limited research regarding implementation of MenSCs I found it critical to conduct this trial
with non-human subjects. Part of what makes MenSCs so exciting is that they can be easily derived from
female patients with T1D, which, after autologous transplantation, could lead to substantially lower rejection
rates due to their highly personalized nature. Because of this aspect I decided that the best subject for this trial
would be the spiny mouse (acomys cahirinus) due to its similarities during menstruation to humans®.

While no previous study has studied the duration of effectiveness of MenSC derived beta cells (or truly
compared MenSCs and IPSCs), studies have been conducted regarding embryonic stem cells (ESCs), and have
found their effective duration to last up to around 8 months in mouse models'’. It has also been found that
IPSC grafts take around 6 months to mature'’, and after examining the two durations, I’ve determined this
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study will last for 9 months to determine superiority over IPSCs.

Research design and methods

This study investigates two main goals, each applied to both MenSCs and IPSCs. The first cohort of
mice will look at the successful implantation v.s. rejection rate, as well as duration of received benefit if
implanted. The second cohort of mice will examine the difference between success rate and engraftment rate.
The third cohort will be the control. While I am using autologous transplantation simply to display the
personalized benefits of stem cells, it is imperative for further studies to be conducted with human MenSCs
and IPSCs to demonstrate applicability for clinical use.

Each cohort will utilize 10 virgin female spiny mice, which, after nine months, will be euthanized with
C02 after being exposed to isoflurane (to anesthetize). Maturation for spiny mice takes around 3 months®, so
all subjects will be taken from the 3 to 4 month range.

All mice will be induced with T1D through streptozotocin, with the goal to destroy beta cells and
create insulin deficiency. A marker of induced diabetes is when B-cells make up less than 50% of a blood
sample, and all mice must meet this requirement before being used in the experiment®.

To derive the menstrual blood to MenSCs, the blood will be obtained on the second day of the mices’
cycle*through a vaginal lavage after exposure to isoflurane. The blood must be kept in a solution based on
phosphate buffered saline (PBS) and penicillin®*®. The mixture should be processed into the lab within 24
hours, during which it is kept at a cool temperature (<4*C)°. Ficol paque is added into the concentration to
assist in separation of cells, with centrifusion taking place for around 10 minutes®*’. The buffy coat is collected,
washed in PBS, and cultured with different nutrients (ex. Dulbecco’s modified Eagle’s medium/nutrient
mixture F12 (DMEM/F12) (GIBCO, USA))®in a 20 well plate. Non-adherent cells should be removed by
washing with PBS, and remaining cells should remain untouched until over 75% confluency is reached™.
Derived MenSCs should be tested for containing CD90, CD29, CD105, and CD7 markers and not exhibiting
CD34, CD45 and CD133 cell markers (which indicate a lack of differentiation)'.

Skin fibroblasts are reprogrammed for the IPSCs. These skin grafts are derived from the tail of each
spiny mouse, in an area after 2 cm of the tip (with the cut not exceeding 1 cm)'’. This is imperative, as while
spiny mice do experience constant regenerative properties within their cells, the effect is lessened in the tail.
To provide the most accurate comparison possible between what this experiment looks like in mice and what it
might look like in humans, the skin fibroblasts should not be collected from any other area.

After preparing specimens (through removal of the protective epidermis and mincing the rest,)’they should be
placed in ten wells and cultured with the Dulbecco’s modified Eagle’s medium/nutrient mixture and
penicillin®*®. The Yamanaka factors should be used to induce pluripotency'?, with the reprogramming taking
place through the Sendai viral system (specifically through the method discovered by Dr. Akira Kunitomi and
co.)"?. A few days after the fibroblasts receive the reprogramming factors they should be switched to culture
conditions on which iPSCs will begin to form colonies over the next couple weeks. Colonies should be
expanded with Dulbecco’s modified Eagle’s medium/nutrient mixture before being tested for OCT4, SSEA3,
and TRA-1-60 markers® '°. Successfully differentiated IPSCs should be kept in feeder free systems.

Both groups of stem cells must then be processed into [ cells. For IPSCs, cells should be plated onto
Matrigel and supplemented with growth support and Activin A Nutrients and ITS should continue to be
added, with the addition of Retinoic Acid (RA)'. A low glucose base should now be implemented, with
adhesion and differentiation supplements'. Finally, Nicotinamide should be added, completing the IPSC to 3
cell differentiation'.

For MenSCs, cells should be placed on a nutrient solution which supplements growth as well as
receive RA!". Cells should then be dissociated and placed onto rat-tail collagen coated well plates and
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Nicotinamide added (with continued additions of factors to help growth and differentiation)'!. Finally,
Exendin-4 should be implemented to complete the MenSCS to B cell differentiation'!.

Both groups should be stained with Dithizone (DTZ) to identify insulin (as zinc adheres to it), photographed
through a microscope, and processed through an image identification system''. After training, Al should rank,
sort, and determine the staining intensity and efficiency between the two groups of stem cells''.

This quantitative data should be noted as a base point of initial success, to which further
findings can be compared.

Ten mice will then be injected with B cells derived from MenSCs encapsulated with saline and
delivered under the kidney capsule. The other cohort will receive the same treatment but with IPSCs
encapsulated with saline, and the control group receiving only saline. Non fasting blood glucose will be
checked daily. Once a week, mice will be fasted for 5 hours. After that, an initial glucose test will be conducted
before mice are injected with glucose through the tail vein®. Glucose will be measured after the first 10
minutes, and then at 30 minutes, 60 minutes, 90 minutes, and 120 minutes. When the initial blood is drawn, a
small sample should be diverted for an ELISA test to determine insulin efficiency. The ELISA protocol should
also take place on a weekly basis. The duration of impact provides the length of received benefit after
successful implementation. No change in insulin would represent a failure of engraftment.

A small section of the pancreas should, directly before euthanasia but after anesthesia, be removed for
a histological analysis, in which insulin and proliferation markers must be stained for. Statistical tests and a
trained Al program will compare timed glucose levels, insulin secretion, histological markers, staining rates,
and engraftment rates for the three cohorts to determine success.

Approval must be obtained from the Institutional Animal Care and Use Committee (IACUC and
the Institutional Biosafety Committee (IBC). OHSU does not require approval from the Stem Cell
Research Oversight Committee (SCRO), but similar regulations might be applied by an adjacent group.

Summary and significance

The proposed study investigates and compares the efficiency of beta cells derived from IPSCs and
MenSCs. Because some concepts of this study are so novel, almost no
research has been done that could provide evidence for a solid prediction

on whether MenScs or IPSCs might be superior. However, using methods
such as timing glucose levels that returned
@ @ . to normal at the quickest rate, an increase in insulin secretion,
; " histological

markers showing high proliferation, vibrant stains to indicate zinc and
insulin,
and limited rejection rates, baseline data could be
- ¥ developed.
But it is important to acknowledge that there are some limitations.
Previous
research has discovered that spiny mice have the continual
ability to regenerate, meaning they don’t undergo fibrosis or
even scarring for skin and tissues (an ability humans don’t have)®. Therefore while the organism is
important as it successfully models menstruation, it may have more robust regenerative properties
than a human would. Additionally, to attempt to prove how personalized medicine and autologous
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transplantations can lower rejection rates, all mice used in this study were female. This adds another
layer of uncertainty on the widespread implications of the proposed research, constraining all
applicable results to only females.

And finally, and perhaps most importantly, to further prove the benefits of autologous transplantation,
both MenSCs and IPSCs were derived from the spiny mice. This means that it is crucial for further research
with human MenSCs and IPSCs to be utilized (both in experiments using animals and humans) to solidify
our understanding of stem cells interactions with different systems.

Despite these limitations, this study opens new doors. It puts emphasis on the gender-based disparities
of the medical field; medical properties of menstrual blood have, until recently, not been researched. If MenSCs
are able to become a viable and efficient source of treatment, then they could be incredibly effective while
fighting social stigma at the same time.
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A Conceptual Framework for Treating Chagas Disease During the Chronic Phase Hvpothesis

an ific Aim

Image source: Getty Images

Chagas disease caused by Trypanisoma Cruzi (T. Cruzi), is

an infectious disease that has the majority of patients being

diagnosed in the chronic phase of 7. Cruzi. Benznidazole is

used as a treatment for Chagas disease, but the standard of

the 60-day regimen is insufficient with cure rates ranging

from 5-20% (Bosch-Nicolau P. et. al, 2024). However,

g recent studies demonstrate that benznidazole’s
pharmacokinetic profile, characterized by a half-life

i sustained tissue exposure, can allow for shorter, lower dose

regimens without sacrificing efficacy (Bosch-Nicolau P. et. al, 2024).

&

The hypothesis of this research proposal is that by modifying the pharmacokinetic exposure of
benznidazole through reduced dosage, and/or shortened duration regimens, it is possible to maintain a
sufficient tissue-level drug concentration to eliminate 7. Cruzi in individuals. Individuals with the optimized
regimens will achieve a non-inferior parasitological clearance compared to the standard in the status quo.

Specific Aim 1. Study consists of evaluating the efficacy of three benznidazole dosage regimens at a
standard 60-day, intermediate 30-day, and short 14-day groups in adults with chronic phase Chagas disease
using PCR-based diagnostics.

Specific Aim 2. Assess the pharmacokinetics of benznidazole in each regimen, including peak plasma
concentration, drug accumulation, and tissue penetration over time. Specific Aim 3. The study will then
compare the incidence and severity of adverse drug reactions and treatment discontinuation rates among the
three trial groups.

Background

Image Source: Medical News Today

f m Chagas disease is an infectious disease that is
‘ﬂ % characterized as a condition that stems from the parasite
T' Cruzi. Patients with Chagas disease typically have
been in some form of contact with Triatomine bugs. The
- o "\\ & two most common ways for patients to contract Chagas
disease is either if they’ve been in Rural parts of the
Americas, or if they’ve had an organ transplant where the
donor contracted Chagas disease. Currently, Chagas
disease affects more than 8 million people worldwide, with an estimation of 280,000 cases in the US (CDC
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N.D.). Other methods of contracting Chagas disease include blood transfusions, organ transplants, and sex
linkage (Rassi et. al, 2017).

There are two phases of Chagas disease. The first phase is titled “Acute Phase” where current treatment
(benznidazole) has been successful in curing Chagas disease. The second phase is titled “Chronic Phase”,
where 20-30% of patients in the chronic phase develop serious problems that include heart issues that can lead
to heart failure, and digestive problems which can lead to trouble eating or bowel movement (Bosch-Nicolau P.
et. al, 2024). The most current and popular treatment for Chagas disease is benznidazole, a chemical compound
that is taken via oral ingestion. However, current side effects of this medicine include rash, numbness, fever,
muscle pain, loss of appetite, and trouble sleeping. Rare side effects include bone marrow suppression, which
can lead to low blood cell levels (Andrade, D. V. et. al, 2014).

In the status quo, there is no viable treatment for Chagas disease in the chronic phase, as benznidazole
has a significant reduction in efficacy once the condition worsens. There is no known viable treatment for
successfully treating Chagas disease in the chronic phase at a clinical level. However, current efforts in the
world include modifying existing medicine by investigating new regimens to reduce the current side effects of
benznidazole and to target specific areas that become critical in the chronic phase.

By analyzing pharmacokinetics in individuals that are taking benznidazole alongside having T.

Cruzi, it can enhance the treatment efficacy with the reports pertaining to dosing regimen and systemic
exposure. This analysis will help further develop the modified benznidazole in the clinical trial.

This study will ultimately prove sufficient by successfully finding a regimen in benznidazole that can
then be used to treat Chagas disease in the chronic phase by identifying the parasite and the removal of it in the
patient’s body. In the status quo, current efforts have been placed in managing the symptoms and complications
as the current research shows that Chagas disease provides irreversible organ damage if the patient has Chagas
disease for an extended period of time.

Research Design and Methods

This study will be conducted using a randomized, controlled, and an open-label clinical trial to
evaluate the efficacy of the three benznidazole dose regimens in adults with chronic Chagas disease. The
primary goal of the study is to eliminate 7. Cruzi, determined by PCR-based detection of 7. Cruzi DNA in
peripheral blood samples.

The study population will include adults (16-65 years) with confirmed chronic Chagas disease by doing
Enzyme Linked Immunosorbent Assays (ELISAs) and indirect hemagglutination as serologic tests. Those that
are pregnant, breastfeeding, or have severe comorbidities will be excluded from the study.

Group A is the control group, consisting of standard-dose benznidazole (Smg/day) for 60 days. Group B is
the intermediate-dose of benznidazole for 30 days. Group C will be the short-course benznidazole for 14 days

The sample collection & DNA replication will consist of peripheral blood (5ml) from each
participant at the following checkpoints: Baseline (pre-treatment), Day-7 (end-treatment), follow up: 3, 6, &

12 month post-treatment.

Blood will be collected into guanidine-EDTA (GE) buffer tubes to lyse cells and preserve DNA. Samples will
then be collected at 4°C for <7 days before processing. Genomic DNA will be extracted using appropriate
blood kits. PCR-based detection for 7. Cruzi consists of highly repetitive satellite DNA of 7. Cruzi chose high
sensitivity in chronic-phase infections. Protocol will follow as a reaction mix (25uL): 2uL template DNA, 0.2
uM of each primer, 200 uM Nucleoside triphosphate (ANTPs), 1.5 mM MgCl2, 1x Taq buffer, and 1.25 U Taq
polymerase.

Visualization will consist of amplicons being separated by agarose gel, visualized under UV
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illumination. A positive result will indicate detectable parasite DNA in the blood. Negative controls and
positive controls (no template & known 7. Cruzi DNA) will be included in each batch. The primary outcome
in the data analysis should show that PCR-negativity at 12-month follow up as a result of the absence of T.
Cruzi DNA. Alongside treatment adherence, incidence of adverse effects, and dropout rates.

Statistical analysis will include proportional PCR-negative participants at each time point that will then
be compared between treatment arms using Chi-Square tests. Kaplan-Meier curves will also model
PCR-negativity. Logistic regression will assess associations between treatment response and
demographic/clinical factors.

Ethical considerations include informed consent obtained by all participants. These study protocols
will be reviewed by institutional ethic boards in the US. All procedures will comply with Good Clinical
Practices (GCP) guidelines for the clinical trial.

Summary and Significance

Chagas disease caused by 7. Cruzi remains one of the most neglected infectious diseases, affecting an
estimated 8 million people globally. Many of these individuals are only diagnosed with Chagas disease when
they reach the chronic phase of the infection.

While benznidazole is the primary anti parasitic treatment, it becomes insufficient in dealing with chronic
Chagas disease due to the irreversible organ damage, with cure rates reported as low as 5-20% (Bosch-Nicolau
P. et. al, 2024). This research proposal aims to evaluate the safety, tolerability, and parasitological efficacy of
modified benznidazole regimens.

This study addresses a critical gap in Chagas disease treatment by targeting one of the main barriers to
effective care, the poor tolerability of current treatment in the chronic phase. By optimizing benznidazole
regimens based on pharmacokinetics and patient-centered outcomes, this research has the potential to reshape
treatment guidelines and expand treatment access to the thousands of individuals diagnosed with chronic
Chagas disease in the US. The proposed use of PCR-based diagnostics provides a highly sensitive and
non-invasive method for monitoring parasitological response which proves intrinsic in addressing chronic
infections (Hochberg, M.S. et. al, 2021).

Current potential limitations of the study include parasitemia in chronic phase, lack of definitive
biomarkers of cure, variability in parasite strains,dropout risk, and limited sample size. However, if successful
this study could directly benefit those that are diagnosed with chronic Chagas disease in the US.
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Does Precarious Employment Increase the Risk of Cognitive Decline? Hypothesis

an ific Aim

The hypothesis of this study is that precariously employed migrant care workers are at a higher
risk of developing Cognitive Decline (CD). This relationship is supported through the positive
correlation of chronic stress with CD, which is a common consequence of precarious work. Care
workers often work in precarious working conditions, and according to Bagon et al., 2024, care workers
in Canada struggle with achieving permanent residency, which places them in positions vulnerable to
exploitation by employers. This added stress can ultimately increase the possibilities of chronic
stress—potentially leading to CD, highlighting the importance of this study. The aims of this study are
(1) to identify the prevalence of CD in care workers, (2) identify the correlation between chronic stress
and precarious working conditions (3) to examine whether perceived stress levels in workers can lead to
and further exacerbate lower cognitive function, (4) and to determine if loss in cognitive function is
reversible.

Background

In the past decade, Precarious Employment (PE), a form of labor characterized by job insecurity,
unfavorable working conditions, and limited employee rights, has become widespread in global society
(Matilla-Santander et al., 2021). Migrant workers, individuals who relocate for employment opportunities,
constitute a large portion of the PE population in Canada(Ornek et al., 2022). Due to their limited opportunities
and unstable working conditions, they are at a higher risk of developing health and mental complications.
According to a study conducted on the well-being and health of precarious workers (Hsieh et al., 2016a), migrant
workers may be at risk of higher stress levels due to factors such as immigration status and language barriers,
placing them in positions susceptible to exploitation by employers (Ornek et al., 2022).

Cognitive decline (CD), the progressive loss of thinking skills, memory, and judgment, continues to be
a rising concern within migrant care workers. Given the global increase in migrant workers and PE (Bagon et
al.,2024), understanding how PE contributes to cognitive function is critical. Such findings will further
highlight poor working conditions that impact vulnerable populations, help determine preventative measures to
preserve and improve cognitive health, and drive policy reformation in precarious work. Prolonged exposure to
stress can activate higher and longer bursts of cortisol levels. When cortisol, also known as the “stress
hormone,” is released for longer periods, it can weaken and damage the hippocampus, amygdala, and prefrontal
cortex, leading to loss of memory formation, concentration and learning abilities, and emotional processing
(Lupien et al., 2018). This places immigrants in PE in extremely vulnerable positions, especially because of
their exposure to discrimination, prejudice, and the coerced performance of subordinate tasks through threats of
deportation by employers (Hsieh et al., 2016b). The higher amount of job-stressors immigrants have has the
ability to further exacerbate stress levels, potentially increasing the probability of lower cognitive function.

Despite these connections, most studies tend to examine the relationship between chronic stress and PE
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and other mental health problems (De Looze et al., 2024), but fail to examine the relationship of chronic stress
with CD in PE. This study aims to close the gap by examining whether migrant individuals in PE experience
loss in cognitive function from the severity of their job-related stressors over a 5-year period, as well as
determining whether loss in cognitive function can be regained over time. The study will take place in Canada,
due to the escalating number of care workers who are battling immigration status while being forced to
undertake precarious working conditions (Kavanaugh, 2024). Despite Canada's pilot programs that were created
to establish a pathway to permanent residency for care workers, many care workers have struggled to obtain
permanent residency (Kavanaugh, 2024). The execution of this study would provide evidence for a framework
for policy reformation in precarious work, as well as educating the public and care workers about the potential
long term effects on cognitive function due to precarious work. Therefore, they can seek out early preventative
strategies to mitigate stress and engage in stress management strategies to protect their mental and cognitive
health.

Research design and methods

This study will utilize a mixed-method longitudinal study design over a 5-year period to study the
correlation between chronic stress among immigrant care workers in PE with CD. The study will take place in
Canada due to the prevalence of PE and care workers immigration crisis. The independent variable in the study
is care worker working conditions. The dependent variables are the development and severity of CD, and
perceived stress. CD will be measured quantitatively using the Montreal Cognitive Assessment (MoCA), a
validated screening tool assigned to assess mild CD (Dautzenberg et al., 2019). Perceived stress will be
measured quantitatively using the Perceived Stress Scale (PSS), a validated questionnaire that assesses the
amount of stress one has perceived in recent circumstances (She et al., 2021). Care working environment and
stressors will be measured quantitatively using the Job Content Questionnaire (JCQ), a validated questionnaire
that assesses the psychosocial aspects of work (Santos et al., 2017). Participants must be migrants who are care
workers. Because changes in cognition occur as older age approaches (Matilla-Santander et al., 2021), when
the study is first initialized, subjects will be between ages 45 and 60; old enough to develop loss in cognitive
function while not having age be the primary factor in the CD. Participants will be recruited through flyers and
sign-up sheets at care worker and precarious work support and advocacy groups such as Family Caregivers of
BC, Ontario Care Association, and the Vancouver Committee for Domestic Workers and Caregivers Rights.
Advertising will also be posted on social media sites such as Facebook and Instagram. The study will include
130 participants and be conducted in a work support or advocacy group with permission granted from the
organization.
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Figure 1: Selection Process for Participants

Quantitative Study

In the quantitative study, to understand the physiological demands and work support participants
receive, participants will be asked to complete a Job Content Questionnaire (JCQ), a questionnaire that
measures decision latitude, physiological demands, job insecurity, and supervisor and coworker support
(Santos et al., 2017). The JCQ includes positively worded and negatively worded questions with answers that
range from a scale of 1 (strongly disagree) to 4 (strongly agree) (Santos et al., 2017).

To quantitatively measure the correlation of precarious work and stress, participants will complete the
Perceived Stress Scale-14 (PSS), a 14-question questionnaire that assesses a user's perception of their recently
stressful circumstances (She et al., 2021). The test consists of positively and negatively worded questions to
reduce bias (She et al., 2021), and is answered on a 5-point scale, ranging from responses from never (0) to very
often (5). See Appendix A.

To quantitatively measure cognitive function, participants will complete the MoCA, a screening tool
designed to assess mild CD. The test assesses visuospatial memory, attention, language, orientation and recall.
The test takes approximately 10 minutes and is scored out of 30 points; anything greater than or equal to 26
points being a healthy cognitive function, and less being a low cognitive function (Dautzenberg et al., 2019).
To reduce bias, participants with 12 years of education or lower will receive an additional point to take
account for education barriers (Dautzenberg et al., 2019). The MoCA will be assigned in the beginning of
the study to determine which participants already have CD so they can be excluded to prevent bias in the
study’s results, and it will also be assessed yearly throughout the 5-year study period to determine the CD
participants experienced through their chronic stress.
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Qualitative Study:

To qualitatively examine the psychosocial stressors care workers endure, recorded focus groups will be
conducted throughout the study. Focus groups will first be conducted in the very beginning of the study and
then be conducted twice annually until the interviews reach data saturation—a point in time where nothing new
is learned from the interviews and all participants share relatively similar experiences with perceived stress and
cognitive changes. Participants will be split into groups of 10, and will be asked questions about their current
stressors, job-environment, cognitive health, and job-related stressors. Participants will also discuss their
immigration status and whether it has contributed to their stress. Although participants will already be taking
the PSS, the questions will help interviewers have a deeper understanding on how participants perceive their
stress and work life. Two interviewers will be assigned to each focus group to ask and guide participants
through the questions. Interviewers will be chosen through care worker advocacy group organizations so
participants in the focus groups will be more comfortable sharing their experiences. Interviewers will be
required to display proof of their employment and associations with these organizations prior to interviews. To
prevent bias occurring during the focus group interpretation, interviewers will be excluded when being selected
if they are PE.

Data Analyzation

All quantitative and qualitative data at the end of the study will be analyzed through Dedoose—a
web-based application that is designed to analyze mixed-method studies. Quantitative data recorded (PSS,
MoCA, JCQ) will be imported along with qualitative transcribed focus group interviews. This information will
be analyzed to identify patterns and relationships between cognitive health, perceived stress, and work
conditions. This will also be used to examine whether participants with higher perceived stress experienced
lower cognitive function and will determine if participants who developed CD at some point throughout the
study regained cognitive function.

Ethical Considerations

Permission will be collected from the community and advocacy groups to collect participants and
conduct interviews. Written informed consent will be collected from participants, which outlines that
participation in the study is voluntary and participants are free to leave any time. Participants will be
assigned a subject ID when analyzing survey results to ensure confidentiality.
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Table 1: Timeline of Study

Summary and significance

This study seeks to examine the lasting consequences of chronic stress experienced by care workers.
Using a mixed-method longitudinal design, this study could reveal a correlation between CD and care worker
working conditions. Results could also reveal immigration status heightening perceived stress, and loss in
cognitive health being regained overtime. These results can open possibilities for driving policy reform in
Canada’s pilot programs, such as implementing new programs that establish immediate permanent residency for
all care workers upon arrival to Canada (Bagon et al.,2024). Results of this study will also spread awareness
about the risks of CD in care work so workers could set up preventative strategies to mitigate stress. Limitations
that could arise in the study are the results in the JCQ and PSS. Because these tests are self-reported,
participants in the study can lie and falsely report answers which could skew the study’s results. Another
limitation of this study could be the loss of participants throughout the study. If a large percentage of
participants drop out of the study, this could create a smaller sample size, which could cause the results of the
study to not be enough to represent the majority of the care worker population.
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Generating Segmentation to Assist Deep Learning (DL) Models In Becoming Generalizable:

H thesis an ific Aim

Segmentation, the process of delineating structures of interest within an image slice of a certain
biological sample', in volume electron microscopy (VEM), the process of creating 3D nanoscale images of
tissue and cell ultrastructures', is one that is often tedious and slow. However, with the introduction of a
subsection of machine learning (ML)? called deep learning (DL)?, that enables machines to learn patterns and
make predictions based on data they are trained with, researchers have the power to speed up segmentation and
get better results faster'?. This is vital in the field of cancer research because vVEM images can pick up details
that other imaging techniques can’t about cell ultrastructures. Thus, my aims and hypothesis are as follows:

Aim 1: Segment structures of interest in various samples of pancreatic cancer tissue in a timely manner in
order to give patients the effective treatment they need at the moment.

Aim 2: Train deep learning (DL) models on different sets of data in order to make them generalizable and
able to automatically segment structures of interest in other samples.

Hypothesis: By manually segmenting various images of pancreatic cancer tissue samples through vVEM, we
seek to train deep learning (DL) models to become more accurate, efficient, and generalizable to other
pancreatic cancer samples from different patients.

Segmentation of a 90nm cubed block takes about one year, and if we train this DL to be generalizable,
meaning that it can segment more than one type of pancreatic cancer sample images automatically, it
augments the possibility of personalized and effective treatment for patients. This is the case because from the
segmented ultrastructures of the pancreatic cancer tissue images researchers could understand the biology of
that cancer better for more efficient treatment.

Background
For background information, manual vVEM segmentation is the process of manually outlining or

delineating structures of interest within an image slice of a certain biological sample'; and in this case, we are
outlining structures of interest in pancreatic cancer tissue, such as the tumor stroma, which is the tissue
surrounding cancer tumors that is made up of malignant cells and normal tissue®. This manual segmentation
process in VEM can take longer than one year to complete; thus, if researchers needed the information about
the cell ultrastructure of a cancer from these images for personalized treatment, they wouldn’t be beneficial
anymore because the patient’s cancer could progress onto the next stage or metastasize.

Thus, with the introduction of DL models in the VEM field, that process data like the human brain with
neural networks?, researchers have the possibility to automatically segment structures of interest within tissue
samples and cells. These models for automatic segmentation are still new, but the field of research on them is
vastly growing. Hence, training these models to automatically segment data could give cancer researchers the
information they need to create personalized treatment for a person’s specific cancer. Achieving a
generalizable model that can automatically segment images is feasible, as a past study did something similar
with DL models and mitochondria. Essentially, in this research project, the researchers trained a DL model to
automatically segment stacks of mitochondrial images based on previous segmentation®. This project had
utilization in discovering the structure of the mitochondria as well, but an issue they did encounter is that it
would not work for other cells or tissue samples because DL models like this one are not highly
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transferable'*>® or generalizable yet. This is where automatic segmentation with DL models becomes difficult,

as they may work really well for one image that has similar data and structures of interest to the one it had
been trained upon, and not well for another sample'*>”. However, continuing research in this field can reveal
new information about volume electron microscopy, DL models and their transferability, and knowledge about
cancer for personalized treatments for patients. Research design and methods:

Step 1: To do this research study, we need to get pancreatic cancer tissue samples from patients. To do
this, we would first obtain their informed consent to use their tissue. Then, we would gain approval from an
Institutional Review Board (IRB) or ethics committee to ensure our usage of human samples is ethical®.

Step 2: Following the approval from the IRB, the pancreatic tissue samples need to be fixed, fixation
being the process of using solutions like glutaraldehyde to preserve the tissue structures’, stained, staining
being the process of staining the samples with heavy metals to increase contrast in vVEM imaging”'’; and

finally, they need to be embedded into resin to secure and prepare it for

w w sectioning.
= . V. ﬂ Step 3: All of these steps combined creates the block that the volume
%" ] - *  electron microscope will slice and image''. This creates the foundation to
e . . do a process called serial block face scanning electron microscopy
. ' (SBF-SEM)''that is continuously slicing 10 nm thick 2D slices from the

sample block. This step will be repeated for 6 different pancreatic cancer
tissue specimens from 6 different patients, two that are in the early stages
(Stages 0 and 1 where the cancer is either at the top of pancreatic duct
cells or limited to the pancreas)'?, two that are in the middle stages (Stage
2 and 3 that include a cancer that has grown over the pancreas and to
nearby nodes or nearby blood vessels)'?, and two from the later stages of pancreatic cancer (Stage 4, where the
cancer has metastasized, or spread, to other parts of the body)'.

Figure 1: Model of steps done before and after SBF-SEM in
vEM (Note: This was done on brain tissue and not pancreatic
cancer tissue) (Hyun Kim 2016)"

Step 5: Then, we will have a team of researchers segment each of the image slices from the samples
from the pancreatic cancer patients in the middle stages of pancreatic cancer, as it is not too far along or too
early, and then restack them to see the ultrastructures of the pancreatic cancer tissue.

Step 6: The data from step 5 will then be taken and used to train the DL model, with the goal of
creating a DL model that automatically segments and outlines the ultrastructures in these tissues with the data
it is given, and other pancreatic cancer tissue images that it was not trained upon, just as in Figure 1.

We will have another team of researchers training the DL model on the data the other team has
segmented. And, once the DL model is fully trained on this data, it is possible that it can automatically
segment the other 5 samples of pancreatic cancer tissue, if it does in fact turn out to be generalizable. This
is the case because the DL model has the power to delineate structures of interest similar to the one it has
been trained upon, as it is an Al technology based in discovering patterns and neural networks much like
the ones the human brain has>®'*. Combined with programming and this pre-training, and running other
image slices through the DL model, researchers can decipher if it is generalizable or not. Researchers will
know if it is generalizable if it can automatically segment and give a comprehensive outlining of the
structures of interest in other samples of data that are not the one it has been trained upon. If this is not the
case, and the model is not generalizable to other samples, we will repeat the process we did with the
pancreatic cancer sample from the middle stages with the early stage and later stage pancreatic cancer tissue
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samples, to continuously feed it data to improve it. Then, we will test other samples that have been
previously segmented or segmented by other researchers on the model. First, we will see if the model can
automatically segment them, and if it does, compare it to the manual work other researchers have done. If
not, with approval, we will feed this sample data into the DL model to try and increase its generalizability
and transferability to other samples. Experiments similar to ours can be shown through the image in Figure

Figure 2: Predictive model of pancreatic cancer ultrastructures
using previously segmented data with a DL model
(Machiready

2023)."

Furthermore, as the experiment goes on, we will also segment
more data and continue to train the model to get it as generalizable and efficient as possible. If it does get to
that point, its results could be highly beneficial as it will provide feedback about the pathology and
ultrastructures of these pancreatic cancer tissues for their patients and their treatments”".

Summary and significance
However, this experiment does have its limitations along with its possibilities. This is an experiment

involving manual segmentation which means that it is very timely and costly. It can take up to a year to segment
a sample the size of 90nm cubed, as mentioned previously, and paying researchers to do this job for that
duration is costly. The research itself on DL models is challenging as well because the model can only be as
good as the data it is given, but in this case, it is hard to give the DL model all of the data it needs to segment
and predict patterns because that data needs to be manually segmented first. Even if a sample is close to what
the DL model is trained upon, it still may be difficult for the model to automatically segment this data
accurately.

Even so, this research is still crucial and impactful in this growing field, as it will provide information
about what the pitfalls in these DL models are in terms of automatically segmenting different samples of data.
If it does work for a sample very similar to one it was trained with, it could provide vital information about
what is involved in the pathology and physiology of that stage of pancreatic cancer tissue. Hence, this research
is not only crucial for providing information of DL model generalizability and efficiency but information
critical for information about pancreatic cancer and tailored treatment.
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Tracking FOXP3-Mediated Immune Dyvsregulation in Spa

Hypothesis and Specific Aims

My hypothesis is that microgravity downregulates FOXP3 expression in regulatory T-cells (Tregs),
impairing their ability to control immune responses and contributing to the immune dysregulation observed in
astronauts during spaceflight. Human CD4+CD25+ Tregs will be cultured, along with the quantification of
FOXP3 mRNA and protein levels through qPCR and Western blot, respectively. Using a rotating wall vessel
(RWYV) bioreactor to simulate microgravity, Treg behavior in a microgravity environment and in normal
gravity will be compared through cell viability assays. This will allow for determination of whether spaceflight
conditions alter FOXP3 expression. The consequences of FOXP3 changes on immune regulation will be
explored through analysis of expression of FOXP3 downstream targets, particularly Interleukin (IL) 2 and
cytotoxic T-lymphocyte associated (CTLA) protein 4, using qPCR and co-culture assays with responder T-cells
to gauge functional suppression. These aims construct a proposal to determine whether microgravity conditions
impact FOXP3 expression and alter an astronaut’s immune regulation in orbit.

Background

The spaceflight environment introduces a range of physiological stressors including microgravity,
radiation exposure, and psychological isolation. These stressors collectively disrupt immune homeostasis,
compromising the immune responses of astronauts. Previous clinical and experimental data have consistently
shown that spaceflight leads to a wide spectrum of immune responses, including reduced T-cell activation,
shifts in leukocyte distribution, and reactivation of latent viruses.'

Among immune cell types, CD4+CD25+ Tregs are critical for maintaining immune tolerance and
suppressing major inflammatory responses.? They are defined by expression of the transcription factor FOXP3,
which is essential for their development and suppressive function. Therefore, impairment in FOXP3 expression
may lead to dysregulated immune responses, as Tregs play a critical role in preventing autoimmune diseases
and maintaining immune homeostasis.’In the spaceflight environment, microgravity has been shown to reduce
T-cell function and alter gene expression.*
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Simulated microgravity models, particularly the
rotating wall vessel (RWYV) bioreactor, have
emerged as cost-effective alternatives to in-flight
studies.’ This allows for a controlled environment
to study microgravity-induced immune effects,
which may have previously been seen as a
boundary to learning more about space biology.
The RWV bioreactor plays a key role in mimicking
Figure 1. Example of a rotating wall the environment in which human Tregs will be

vessel (RWYV) bioreactor and the constant impacted.
rotation motion it is kept in.”

Despite previous research done on FOXP3 and Treg function, the specific roles in
spaceflight-induced dysregulation are yet to be explored. Given the key role of FOXP3 in regulating
immune tolerance, studying whether its expression and downstream signaling pathways change under
microgravity could reveal a lot about immune dysfunction in space.

This proposed study aims to lay the foundation for a gap in space biology research by identifying
whether FOXP3 expression is affected by microgravity. Such findings have the potential to provide information
that highlights a more clear relationship between microgravity and astronaut immune system health. By
conducting research on FOXP3, the findings can provide insights into the difference between immune tolerance
mechanisms in space and on Earth.

Research design and methods

This study will investigate how simulated microgravity affects FOXP3 expression and the functional
capacity of Tregs. In vitro methods involving human-derived CD4+CD25+ Tregs with exposure to
microgravity using a RWV bioreactor will be used. Experiments will be conducted at three time points: 24, 48,
and 72 hours.

Aim 1: Determining how simulated microgravity affects FOXP3 expression in human
CD4+CD25+Tregs

The following experimental groups will be established: experimental, control, and functional assay
control groups. The experimental group will consist of CD4+CD25+ human Tregs cultured in a simulated
microgravity environment using an RWV bioreactor for a set duration. The control group will consist of human
CD4+CD25+ Tregs cultured under standard gravity conditions for the same duration as the experimental group.
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_ Following culture, RNA will be extracted from Tregs
e ' '. el using a RNA isolation kit. FOXP3 mRNA levels will be
. %" TGF-B quantified using a PCR thermal cycler and a fluorescent
Granzymea ATP ADP dye. Target genes are FOXP3, CTLA-4, and IL-2. Gene
expression will be calculated using the qPCR Double
e ; AdE”OS'“e Delta Ct method with housekeeping genes, like
/ \ GAPDH, as references. Protein will be prepared from
p " each experimental and control group and analyzed for
£ \ FOXP3 expression using a Western blot. This will
validate whether mRNA-level changes will result in a

Dendritic  Effector T cells change in protein expression.

cell

Cell viability will be assessed at each time point using
trypan blue exclusion assays to confirm that observed
Figure 2. Regulatory T-cell changes are not due to differences in survival.

immunosuppression.®

To further explore translational effects of microgravity on FOXP3 expression, a cell-free expression
system will be used. FOXP3 mRNA will be translated in vitro under simulated microgravity using the RWV
bioreactor. The synthesized proteins will then be visualized via fluorescence and analyzed with a molecular
fluorescence viewer. This method allows us to isolate whether microgravity directly interferes with
translation mechanisms, independent of cellular stress or regulation. A fluorescence viewer will be used to
confirm successful gene amplification under the qPCR and protein synthesis. FOXP3 and other target genes
will all be fluorescently labeled so qualitative visualizations can be confirmed.

A power analysis with a biostatistician to determine the minimum number of replicates will be done.
Data of expression will be analyzed using the Student’s t-test to examine statistical significance. Statistical
significance will be defined as p < 0.05.

Aim 2: Evaluating whether microgravity-induced changes in FOXP3 expression impair Treg suppressive
function

The functional assay control group will consist of CD4+CD25- responder T-cells that will be
co-cultured with Tregs from both the experimental and control groups in order to evaluate suppressive function.
CD25- responder T-cells represent conventional T-cells whose proliferation is normally inhibited by Tregs. By
co-culturing them, the measurement of how well microgravity-exposed Tregs suppress responder T-cell
activation can be taken. A loss of suppression would indicate impaired Treg function.

A co-culture suppression assay will be performed to assess whether FOXP3 expression impacts Treg
function under microgravity. CD4+CD25- responder T-cells will be labeled with a dye to track cell viability.
The responder T-cells will be co-cultured with Tregs from both the microgravity and standard gravity
experimental groups at an equal ratio. All experiments will be performed multiple times to make sure it is
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reproducible. Samples will be collected at the end of the set exposure period for molecular and data analysis.

This study will involve living human or animal subjects. Therefore, Institutional Review Board (IRB)
approval is required and all research will only be done after obtaining this approval. Proper cell handling and
biosafety level 2 (BSL-2) precautions will be followed.

Summary and significance

This study investigates how microgravity impacts immune dysregulation by focusing on the
transcription factor FOXP3 in regulatory T-cells (Tregs), which are crucial for immune tolerance. Using a
rotating wall vessel (RWYV) bioreactor to simulate microgravity, we will quantify FOXP3 expression at both
mRNA and protein levels and also assess downstream function impacts on immune suppression. Co-culture
assays with responder T-cells will be used to determine whether changes in FOXP3 levels correlated with
impaired Treg function. Additional assays will be conducted to assess how microgravity influences FOXP3
translation.

Expected results may show that microgravity conditions downregulate FOXP3 expression and impairs
the suppressive function of Tregs. This would support the hypothesis that microgravity contributes to immune
dysregulation in astronauts in space by reducing Treg activity. This would explain the previously observed
increases in autoimmunity during spaceflight. On the other hand, if FOXP3 expression remains unchanged but
suppression is still impaired, it means that microgravity affects other regulatory mechanisms.

Limitations of this study would be the use of simulated rather than actual microgravity. This would
cause a lack in replicating spaceflight conditions. The RWV model does not account for factors like radiation
or psychological stress. In addition, in vitro systems lack the complex model of whole-body immune
interactions. To address these issues, data will be analyzed in this context, and future studies could involve in
vivo animal models or during spaceflight missions.

Understanding the relationship between microgravity and how it alters FOXP3 expression and Treg
function is significant for astronaut health and space exploration. Knowing causes and effects help lay a
foundation for future research that can protect immune function during long-term space missions.
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Determining Early Diagnosis For Pancreatic Cancer Utilizing Combined and Individual DELFI
and Galleri Tests

Hypothesis an ific Aim

I hypothesize that combining the Galleri test to detect methylation patterns with the DELFI test to
detect cfDNA fragmentation patterns will significantly increase the confidence in detection accuracy for
pancreatic cancer tissue of origin (TOO), as well as the detection accuracy for whether cancer is present. One
specific aim of this clinical trial will be to determine the percent accuracy of detecting pancreatic cancer
utilizing the DELFI and Galleri in comparison to each test alone. In addition, utilizing a control group of
noncancerous patients and non-pancreatic cancer patients, a second aim will be to test the accuracy of the
Galleri and DELFI tests, together and alone, at detecting when cancer is and is not present.

Background
Pancreatic cancer is one of the top three leading causes of cancer deaths in the United States.’ Along

with being incredibly invasive and located in a complicated part of the human body, pancreatic cancer has a

significant mortality rate because of its consistently late diagnosis.” Early diagnosis before the cancer has

metastasized has the potential to increase the survival rate of pancreatic cancer up to 6 times, which was found

in a study that utilized diabetes mellitus as an indicator of pancreatic cancer when it was still asymptomatic.'?

Current early detection techniques are insufficient to impart significant increases in survival time. The most

effective early detection methods are genetic tests, imaging techniques, and liquid biopsies. Liquid biopsies
have shown promising early detection results for some cancers, and there
is great interest in applying these tests to pancreatic cancer.

Different types of blood tests can be utilized for the early detection of
cancer and tissue of origin (TOO). Some tests detect methylation

patterns in the bloodstream. Methylation patterns are created by

chemical modifications that occur when methyl groups are added to
= cytosines at CpG sites.® Cancer affects these methylation patterns and

their ability to regulate the modification of gene expression. When
cancer is present, abnormal methylation markers are present in the

= - circulating tumor DNA (ctDNA) in the bloodstream. These methylation
markers are found using bisulfite sequencing, which converts
unmethylated cytosine into uracil. After sequencing the DNA, machine

learning analyzes the abnormal methylation markers and compares
them with the methylation markers of other cancers to determine TOO.’

Figure 1: Cancer Detection
Using DELFI Test
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Along with this technique, fragmentation pattern tests are utilized as an early cancer detection technique.
This technique specifically looks at the cell-free DNA (cfDNA) to determine fragmentation signatures,
which help to detect cancer early or to determine the TOO.°

A particular study by Wenhua Liang et al analyzed DNA methylation

I L sequencing for lung cancer from ctDNA and found that this form of detection

Qe has promising results for the
early diagnosis of lung cancer. They tested 288 malignant and benign lung
tissue samples along with
132 plasma samples from patients with pulmonary nodules. For the liquid
biopsies, they were able to, using 50% of the sample and focusing on
comethylation reads, determine that the methylation test had a sensitivity of
79.5% and a specificity of 85.2%°. This study demonstrates how methylation
blood tests can accurately aid early diagnosis of lung cancer.

Figure 2: Cancer Detection
Using the Galleri test

While methylation tests have shown the ability to detect the TOO by analyzing unique methylation
markers, and fragmentation tests have also shown promise in this field through analyzing cancer
fragmentation signatures, current technology lacks the ability to detect ctDNA during early cancer stages
due to the scarcity of ctDNA in the bloodstream. This makes diagnosis and pinpointing the TOO
challenging. However, combining methylation pattern tests with fragmentation tests could generate more
consistent and accurate results for the TOO.

Research design and methods

For this experiment, I will utilize 3 different exponential groups. One of which will be a control group
of patients who are determined noncancerous through a CT screening process, the second will be a group with
other forms of cancer that aren’t pancreatic, which will include people with malignant and benign tumors that
have gotten biopsied, and lastly a group of patients who have been diagnosed with pancreatic cancer at a
variety of stages. With these three groups, I will run the two tests, the Galleri test for methylation patterns and
the DELFTI to detect fragmentation patterns, on each individual, and compare the rate of accuracy of each test at
detecting the TOO for pancreatic cancer and determining if there is cancer present. To detect TOO, I will be
utilizing the pancreatic cancer group and testing the rate of accuracy of each test, alone and combined, in
determining the TOO. To determine if the tests can detect if cancer is present, I will compare the percent
accuracy of the tests alone and combined in determining if there is cancer in the control group and the
pancreatic and non-pancreatic cancer groups.



47

The sample size will be approximately 200 participants, around 100 pancreatic cancer participants and
100 noncancerous and miscellaneous cancer participants, in order for me to have the power to see a statistical
significance between the tests. Since I will have to have non-cancerous participants and participants with
pancreatic cancer undergo the Galleri test, the DELFI test, and the two tests combined, I will need a large
sample size in order to compare the results. This sample size can also account for samples that may be ruled
out because of an insufficient amount of ctDNA.

I will limit comorbidities within my pancreatic cancer test group, specifically people with pancreatitis
or liver disease. I will also exclude people receiving other cancer treatments, pregnant people, people under 18
or over 80, people recovering from a large injury, and people who have received organ transplants. All of these
exclusions are necessary, as including these participants can skew the data because all of these factors impact
the cfDNA in the bloodstream.

I will take 21 ml of blood to run both tests on every participant. These participants will all be adults, so
this will fit under the restriction of only taking 10.5ml/kg of blood from the participant.” For the Galleri test, the
cfDNA will be analyzed to determine the methylation patterns present using bisulfite sequencing, then, after the
DNA is sequenced, previously developed and trained machine learning will be utilized to determine the TOO.
In the DELFI test, the ctDNA is extracted from the liquid biopsy and fully sequenced. It then analyzes the
ctDNA fragmentation patterns in the blood and utilizes machine learning to compare the fragmentation patterns
against its large data set and match them with a specific type of cancer.

In order to perform this experiment, I will need to get ethical approval from the Institutional Review
Board. Along with this, I would need to get approval from GAIL as well as DELFI Diagnostics in order to
utilize their tests in my experiment. As resources to aid me in my experiment, I will team up with OHSU’s
Biostatistics Shared Resource team as well as OHSU 's Cancer Clinical Trials Team. These resources will aid
in collecting data, determining statistical power, as well as help conduct the clinical trial.

The data will be presented as percentages, demonstrating the percentage of accuracy each test will
show. Out of the participants with pancreatic cancer that underwent each test, I will see how many participants
received an accurate diagnosis that they had pancreatic cancer, and compare that with the percentage of
participants that received an accurate diagnosis when utilizing both tests. I will also show whether each test
had the ability to detect if a participant was cancer-free and whether combining the Galleri and the DELFI tests
will increase the accuracy of the results. I am going to present this data in a bar graph, which will display the
difference in percent accuracy of each test as well as the tests combined.

Summary and significance
This study will utilize the DELFI test and the Galleri test to determine the TOO for pancreatic cancer

patients, and if cancer is present, to see if it yields more accurate results when combining them. I will do this
by taking participants with pancreatic cancer, participants with other cancers, and participants who are
noncancerous, performing both tests, and comparing the percentage of accuracy each test portrays.
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The results will be demonstrated with percent accuracy for cancer detection and TOO detection.
Experimental groups include Galleri alone, DELFI alone, and both tests combined. My hypothesis states that I
should see an increase in percent accuracy for detecting pancreatic cancer’s TOO, as well as overall cancer
detection, when the Galleri and DELFI tests are combined. Alternatively, I could potentially see that Galleri is
better at TOO, and DELFI is superior for innate cancer detection. My results will be displayed using a bar
graph, which visually shows the difference in percent accuracy.

Some limitations to the study are the wide ranges of participants' ages and sex, which can create varied
cfDNA patterns and could affect the outcome of the liquid biopsies. Along with this, in the early stages of
cancer, there is often not enough cfDNA in the bloodstream for the tests to be able to work accurately, which
could potentially cause issues within the experiment. One way to mitigate this issue is to enhance detection
sensitivity through pre-analytical techniques, such as timely processing of blood samples and utilizing
cell-stabilizing collection tubes. *”’

Overall, this study is of vital importance because pancreatic cancers have an incredibly high mortality
rate, partly because early detection is so difficult. This experiment could open the doors to the accurate early
detection of pancreatic cancer and save thousands of lives each year through early intervention, along with the
development of early cancer therapies.
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STIF4 CAR-T Cell Therapy as a New Treatment for Eosinophillic Esophagitis

Hypothesis an ific Aim

I hypothesize that the introduction of 5TIF4 cells using CAR-T cell therapy will reduce the
histopathological abnormalities, high esophageal eosinophil counts, and elevated levels of IL-4, IL-5, and IL-13
associated with Eosinophilic Esophagitis in a mouse model. Eosinophilic Esophagitis (EoE) is a chronic
autoimmune disease caused by increased eosinophils in the esophageal lining. In previous studies, STIF4 cells,
a type of specialized cell formed of chimeric antigen receptor (CAR) T cells, were engineered and used to treat
type 2-high asthma by targeting eosinophils and modulating inflammatory cytokine signaling. In this study,
5TIF4 cells will be introduced into mice with induced Eosinophilic Esophagitis via CAR-T cell therapy. I
expect a reduction in esophageal intraepithelial eosinophilia. In addition to lowering eosinophils, I expect this
treatment to both reduce histological and immunological markers associated with Eosinophilic Esophagitis,
including epithelial and lamina propria thickening, a form of inflammation in the mucosal lining of the
digestive tract, and subepithelial fibrosis, characterized by scar tissue buildup in the affected area. The effects
of CAR-T therapy in mice with induced Eosinophilic Esophagitis will be assessed by comparing histological
analyses of post-mortem esophageal tissue samples between treatment and placebo groups.

Background
Eosinophilic Esophagitis (EoE) is a chronic immune system disease caused by a buildup of

eosinophils in the esophageal lining that is usually triggered by acid reflux, allergens, or food. Eosinophils are
white blood cells that protect you from allergens, parasites, and other outside organisms. A build-up of
eosinophils can cause narrowing, scarring, inflammation, and damage to the esophagus, making it hard to
swallow and potentially causing food to become impacted.

Current treatment includes dietary elimination, proton pump inhibitors (PPIs), corticosteroids, and
monoclonal antibodies. (Mayo Clinic, 2023). However, these therapies have limited effectiveness. PPIs show
a 50% histologic response rate. Corticosteroids range between 68%-77% effectiveness, and dietary
elimination varied from 45%-90%, depending on the food restrictions (Syverson & Fox, 2022).

An emerging treatment strategy is Chimeric Antigen Receptor (CAR)-T cell therapy, typically used to
treat blood cancers, is now being explored in chronic inflammatory diseases. CAR-T cell therapy re-engineers
T-cells into a more efficient version that recognizes and attacks a specific target. (Cleveland Clinic, 2024)

Recently, there was a clinical trial involving CAR-T cell therapy used to target eosinophils as a
treatment for asthma. At Tsinghua University, STIF4 Cells were created, which, when introduced into the
body via CAR-T cell therapy, target eosinophils while inhibiting cytokines, such as IL-4 and IL-13, which
contribute to asthmatic inflammation. These cells were engineered by using a TIF program of their invention.
They did a genome screening with CRISPR to help edit and eliminate BCOR and ZC3H12A, sending the T
cells into an “Immortal-like and Functional T-cell” state. Then, IL-5 cytokine, which acts as the
antigen-binding domain, was administered into the TIF program as IL-5 CAR-T cell therapy through gene
editing. Afterward, a mutant IL-4 cytokine was introduced into the mix to prevent and inhibit IL-4 and IL-13
long-term, which will help reduce inflammation and tissue damage (Jin et al., 2024).

While 5TIF4 cells were created to become an asthma treatment, I believe they could be adapted to
target eosinophils in the esophagus. EoE and Asthma have similar inflammatory pathways. Both conditions
trigger a type 2 immune response, which is the overreaction of IL-4, IL-13, and IL-5 cytokines.
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Overproduction of these cytokines draws eosinophils to the tissue. Due to asthma and EoE being so similar in
that sense, this form of treatment for Eosinophilic Esophagitis could go hand-in-hand.

In preclinical studies, Eosinophilic Esophagitis mouse models are induced with Eosinophilic
Esophagitis using oxazolone (OXA), which causes mice to mimic histopathological features of Eosinophilic
Esophagitis in humans. It replicates esophageal intraepithelial eosinophilia (the presence of eosinophils within
the epithelial layer), epithelial and lamina propria thickening (the thickening of the epithelial tissue and the
underlying connective tissue layer), basal cell hyperplasia (an increase in the number of basal cells in the
epithelium), and fibrosis (the formation of excess fibrous connective tissue resulting from injury or
inflammation) (Dsilva, Avlas, Rhone, Itan, & Munitz, 2024).

/_| Eosinophil Figure 1 shows a working model of the STIF4 fotthe
; IL-5 driven treatment of EoE (adapted from Jin et al)
S5TIF4 IL-4 B Eosinophilic

IL-4 mutei;'\O—> Goblet cell

IL-13

esophagitis

Research design and methods
In this experiment, there will be four experimental groups. Group 1 will consist of healthy, untreated

mice and will be the control group. These mice will be used as the baseline example for regular esophageal
histology and eosinophil counts. Group 2 will consist of mice with experimentally induced eosinophilic
esophagitis (EoE), but these mice will receive no treatment. Group 2 will provide the baseline for the
pre-treatment disease status, this will provide a reference point for both the control and treatment groups. Group
3 will also consist of mice with induced EoE, however, these mice will be treated with the 5TIF4 cells using
CAR-T cell therapy. This group will help assess how well the treatment reduces histopathological and
immunological changes associated with EoE.

Group 4 will consist of EoE-induced mice that are treated with CAR-T cells. These T cells will be
transduced using a scrambled non-targeting guide RNA (gRNA) sequence. These cells will have the same
isolation, activation, and transduction steps as the STIF4 CAR-T cells, except they will not target the 1L-4
Mutein due to the scrambled gRNA. This group serves as a control for the non-specific effects of the CAR-T
cell treatment. All 4 groups will be maintained on the same diet and environment to reduce the risk of
confounding variables, which could affect the results.

To create the STIF4 Cells, we will first isolate T cells from the mice's spleens and lymph nodes. Next,
to activate the extracted T Cells, we’ll use anti-CD3/CD28 antibodies in the presence of IL-2, IL-7, and IL-15,
and then transduce with CAR-encoding lentivirus, with sgRNAs, which will target the IL-4 Mutein construct.
Group 4 will follow the same protocol, except that it has non-targeting scrambled gRNAs. Both CAR-T cell
treatments will be administered on the same schedule.

After that, we will induce the 3 mouse groups with EoE following the method procedure; On day 0,
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apply 15 pl OXA to one or both sides of each of the mice's ears for a total of 60 pul per mouse. On day 7, apply
15 ul of 0.5% OXA to the mice’s ears. Repeat this on days 9, 11, 14, and 16. Collect 100 pl of blood from the
mice and then spin the blood for 10 min at 3000 % g, 40C. Carefully transfer the serum to a new tube and dilute
the serum 1:50 in PBS to measure IgE levels. For the oral gavage portion, modify a plastic feeding tube by
making eight holes near the base with a 25G needle. On day 18, prepare a 1% OXA solution by mixing olive
oil and 96% ethanol. Vortex the mixture for 10-25 minutes until the powder is dissolved. Use a 1-ml syringe
with the modified plastic feeding tube to deliver 200 pl of 1% OXA or vehicle solution through the mice’s
esophagus. Repeat the garbage three times per week for seven more doses (on days 21, 23, 25, 28, 30, 32, 35)
(Dsilva, Avlas, Rhone, Itan, & Munitz, 2024). After this, the mice will receive CAR T cells without
conditioning. To assess the Immune responses, euthanize the mouse groups and then use ELISA, flow
cytometry (including t-SNE) to study the function and effects the CAR T cell production had, and esophagus
histology.

Group EnE EnE # EoE = sormmnbind

Healliw. unireated STIFACAR-T  ghHA CAR-T canls Figure 2 shows the timeline of the
i el experimental design. 4 mouse groups
_J:::“ s __f:, ﬂ %ﬂm‘* were used to study EoE and CAR-T
el Eenirasqiti . - therapy effects, including controls,
b R untreated EoE, STIF4-treated, and
f _ scrambled gRNA-treated mice. Key
d_fiﬂ?” "ﬁ::?-} ﬁﬂi} ' steps include OXA induction, CAR-T
15 4 Do ' .l Hiz T"‘I.Ir cell delivery, and tissue analysis.
I:l.r:.-ll Tipsy 7 B 1I1 :'I Z!';,'III :-:I IZ:n:.lZIh
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Summary and significance
I hypothesize that 5TIF4 cells infused by CAR-T Cell therapy will reduce the histopathological

abnormalities and immunological changes associated with Eosinophilic Esophagitis in a mouse model.
Specifically, I expect to see reduced esophageal eosinophilia, IL-5, IL-4, and IL-13 levels, reduced
intraepithelial eosinophilia, less epithelial and lamina propria thickening, and minimized subepithelial
fibrosis. If successful, histopathological analysis of post-mortem esophageal tissue from treated mice
should resemble the healthy control group and show significant improvement compared to untreated
EoE mice. These results would indicate that STIF4 CAR-T therapy is effective in reducing
inflammation and immunological damage in the diseased model. This could position STIF4 CAR-T cell
therapy as a potential treatment for EoE in humans if effectively evaluated. If this experiment were
successful, it could introduce another, and possibly more effective, treatment option for the many
patients suffering from EoE.

However, certain limitations need to be considered. While EoE mouse models replicate
histopathological features in humans, they could struggle to mimic the immune system interactions and
other non-histopathological features that could be caused by EoE. Additionally, the study’s short
observation period may not accurately represent the long-term effects, durability, or recurrence of the
disease following the CAR-T treatment. Another limitation is that the study mainly focuses on tissue
changes and the cytokine levels for the results, but it doesn’t measure how well the mice will be able to
swallow or use their esophagus following the treatment, which is important for those with EoE. Finally,
the CAR-T cell therapy may not react the same in every mouse, which can affect the results.
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The effects of oral supplements on Atopic Dermatitis

Hypothesis

Myself included, millions of people suffer from an immune mediated skin disease called Atopic
Dermatitis (AD) worldwide. Though injection and topical AD treatments are available, the focus of this study
is to explore an alternative treatment by researching the potential benefits of the interplay of the gut
microbiome and systemic immunity to relieve symptoms of AD." Thus, I hypothesize that oral supplemental
antioxidants and probiotics will relieve the effects of AD by reducing inflammation and gut microbiome
dysbiosis more effectively than topical AD steroids. Mice models of AD will model the effects of the chronic
skin disease. The mice will take two supplemental antioxidants, Curcumin and Quercetin, that decrease the
production of pro-inflammatory IgE and eosinophils, as well as a probiotic known as Bacillus Subtilis that
could reduce the colonization of a skin bacteria known as Staphylococcus Aureus (S-Aureus) which
exacerbates AD inflammation.'The mice on these supplemental measures as opposed to the mice on topical
AD steroids are projected to demonstrate less cytokines in their skin, and exhibit less irregularities of the strata
of the dermis in skin biopsies. They are also projected to demonstrate less S-Aureus in their stool samples
indicating less bodily inflammation. The aim of this study is to determine if such oral supplements could
significantly counter the detriments of the prevalent skin disease that is AD, and be more effective than topical
AD steroids.

Background:
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activation of the Th2 immune response which activates epithelial cell derived cytokines such as IL-4, IL-9,
and IL-13, leading to extreme inflammation.” Less AMPs lead to decreased ability to fight off unintended
bacteria like S-Aureus that colonize 80% of the skin of those with eczema, and only 10% of the skin of those
without eczema.

Curcumin is a chemical derived from turmeric that is known for its anti-inflammatory properties.'
Quercetin is a flavonoid plant pigment that also has anti-inflammatory properties.? Both of these
antioxidants operate by inhibiting the production of IgE antibodies and T helper type 2 cells (Th2 cells),

which release mediators like mast cells
and basophils, and eosinophils which

7 7 release cytokines and damage tissue.®
a Bacillus Subtilis is a type
Tl of beneficial bacterial

probiotic. It is used in this

experiment as it has been
— shown to produce an AMP

known as Ba49 that has

strong antibacterial

properties against

S-Aureus.’It is used as an

oral intervention against

S-Aureus, due to how the

skin and gut are

interrelated, thus skin infections

could cause

microbial dysbiosis of the

Figure 2: S-Aureus colonization on gastrointestinal tract by entering
the epidermis the bOdy through

LE L1

the bloodstream.’ The opposite is also true in how gut dysbiosis affects skin homeostasis which would
exacerbate eczema symptoms from S-Aureus.’

On the other hand an AD steroid cream like hydrocortisone, are topical drugs that reduce
inflammation by preventing the release of Phospholipase A2, an enzyme that breaks down the cell
membrane’s phospholipids and inflammatory pathways.” 1% hydrocortisone is one of most commonly
available and used mild topical corticosteroids.

Research design and methods

To model human AD, the Nc¢/Nga mouse strain, a spontaneously occurring inbred mouse model of AD
that demonstrates skin lesions, bred from Nagoya University in 1957, will be used.® Mice are required for this
experiment in order to perform blood tests, skin biopsies and physical assessments. Prior to the experiment,
consultation from the Institutional Animal Use and Care Committee (IAUCC) will be received, and any
changes to protect animal welfare will be implemented. During the experiment, the mice will be carefully
monitored and taken care of to the maximum extent of comfort, and after the experiment all groups of mice
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will be euthanized. There will be two groups with three subgroups of 16 AD mice each three weeks old. Group
1 will consist of non-AD mice and be the negative control. Group 2 will consist of the AD mice and be the
experimental pool. Within both groups 1 and 2, there will be the subgroups. Sub 1 will be the mice with no
reductive aid, sub 2 will be the mice on the 1% hydrocortisone steroid, and sub-3 will be the mice on
supplements of Curcumin, Quercetin, and Bacillus Subtilis. The six groups will be brought up in the same
environments for 16 weeks, and after, the results of their AD will be recorded using three tests.

The first test will determine
the amount of S-Aureus on
the skin by employing the
RODAC agar plate
technique.’ All the mice will

Figure 3: a) Nc/Nga AD model mouse

b) Control mouse be prepped by having all their skin shaved off and
placed stomach down and back up on a sterilized
surface. RODAC plates with convex agar meniscus of
type Baird Parker Agar (BPA) that are 25 cm”2 in area
will be placed on the mice’s right back below the L1
region of their spinal cord. The plate will be then
incubated at 35 degrees Celsius for 24 hours. At 24
hours the bacteria,

v 2 specifically the S-Aureus, will have grown in colonies
itk - of the BPA and are easily isolated as

Figure 4: RODAC plates with S-Aureus colonies

they are identified by their distinct black color and white circumference. To quantify the bacteria, the number
of colonies will be identified by their appearance, counted, and documented.

The second test will determine the amount of Th2 cells, known for releasing pro-inflammatory
cytokines to measure the amount of inflammation caused by AD. Enzyme Linked Immunosorbent Assay
(ELISA) will be employed using the mouse Th2 ELISA kit.'"” The blood of the mice will be used as the
sample. It will be collected by sanitizing the skin on the lateral side of the right hind leg of the mouse, and a
needle will be inserted into the saphenous vein to draw the blood to be kept in a fridge at 6 degrees Celsius
until needed. In the ELISA kit, the capture antibodies of the cytokines IL-4, IL-9, and IL-13 coat each of the
respective wells of the plates specific to the cytokine. To the plate, 0.2 mL of the blood samples of the three
mice groups are piped into 16 wells each. The plate is then incubated at 25 degrees Celsius for one hour
before the blood is washed out and detection antibodies are added to the corresponding cytokine wells which
are then washed out as well. Finally the enzyme linked solution containing Horseradish Peroxidase (HRP) is
added, and the substrate solution that is subsequently added will react to the enzyme to produce a color
change. This color change represents the amount of the varying cytokines in the mice blood samples, and this
is measured by a microplate spectrophotometer of which the results are graphed.

The third test will be a qualitative examination of the levels of AD of the mice groups by taking



57

photographs of the mice’s skin of the left back below the L1 region of their spinal cord. The size of the skin’s
dry patches and inflammation will be observed, and the surface area will be measured in cm to compare the
extent of AD.

Summary
This study will compare the effectiveness of oral supplemental antioxidants and probiotics compared

to topical steroids in treating AD. The Nc¢/Nga mouse breed models AD in humans and are the subject of the
experiment. Effects of AD, such as inflammation by cytokine

releasing Th2 cells are measured by Th2 ELISA. Exacerbatory S-Aureus colonies that are prevalent on AD
skin are quantitatively examined using RODAC plating. The hypothesis is that the antioxidants, Curcumin
and Quercetin, will result in less Th2 incited inflammation and a lower amount of cytokines in the blood of
the AD mice, and that the probiotic Bacillus Subtilis will decrease S-Aureus colonies on the skin. It is
predicted that the mice on supplements will demonstrate less inflammation and S-Aureus, which will prove
that oral treatment is more effective than topical treatment.

However, potential limitations are the time frame, the breed of mice, and that Bacillus Subtillis may not
sufficiently target surface S-Aureus colonies. Since the mice are put on the diet for 16 weeks, even if the oral
supplements prove to be effective, the experiment does not demonstrate that their effects are immediate. Also,
despite how the Nc¢/Nga mice model inflammation and skin lesions similar to AD in humans, their internal
organs, specifically their intestine, differ and could hence absorb or react to the supplements differently than
how humans would. Also, though Bacillus Subtillis may circulate throughout the body and help defend against
surface S-Aureus marginally, it may mainly target S-Aureus in the gut as it is an oral probiotic.

If oral supplemental antioxidants and probiotics are more effective at treating AD, it could be a big
breakthrough in better assisting the millions of people suffering from effects of the disease.
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Influence of Different Genres of Music on the Performance of Young Adults

Hypothesis and Specific Aims

We hypothesize that the presence of background music will generally increase a young adult’s
performance level, with classical music having the most beneficial effect on an individual’s performance during
a cognitive task due to its slower tempo and rhythm. This study will focus on the influence of different genres
of music, or no music at all, when played in the background for an individual performing a task. Specifically,
the participants will be separated by exposure to a lack of music, classical music, pop music, rap music, and
heavy metal music. The participant’s performance levels will be measured through the recorded task
completion time and the accuracy of the performed task. Then, through statistical processes, the relationships
between various genres of music and the individual’s performance will be examined. Therefore, this study aims
to identify the genre of music that is the most beneficial to a young adult’s performance. The results of this
research could have practical implications for educational and work settings, offering guidance on whether and
what types of music may be used to optimize performance levels.

Background
As distractions grow continuously with the rise of digital media and electronic devices such as

cellphones and laptops, as well as various ways to digital multitask, there is a rising demand for tools that aim
to help one focus and increase productivity. Working at cafes and libraries has become increasingly popular, but
music is also a prevalent tool used to increase productivity. Often, young adults, particularly high school and
college students, utilize music to induce focus when studying. A popular belief among students is that lofi
music or classical music can aid in one’s studying process by increasing attention and performance. Previous
studies have suggested that music is effective at reducing stress and has a positive influence on the attention of
the listener1-2. Music can be a difficult medium to evaluate due to its many varieties and subtypes. The specific
rhythm, tone, instrumentation, and other features that set it apart from other genres could have unknown
impacts on how the brain functions in attention and focus. There have been studies that offer limited insight
into the correlations between types of music and performance. One study suggests that music with lyrics had a
significant negative impact on the concentration of workers when utilized as background music during work 3.
Furthermore, specific genres of music, such as classical music and hip-hop, were found to have positive effects
on the performance of medical students when played during standardized exercises4. There also seemed to be a
correlation between one’s preference for the style and type of music and the effect of the music on the attention
and performance of the individual2,5. However, there had been limited studies that examined the relationship
between the various general genres of music and its effects on the performance of students. Understanding the
rising demand for focus and attention in
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today’s fast-moving world, this study aims to help students identify the type of music that will be the most
effective when it comes to helping them focus and increase attention to achieve better academic success in an
academic setting.

Screen Time Among Teenagers (13-18)

Figure 1: Screen Time exponentially increased from 2019 to 2021

Research design and methods

This study will utilize randomized controlled trials (RCTs) to examine the effect of different
genres of music on cognitive performance, defined as solving basic algebra problems.

A total of 200 participants, ranging from ages 16 to 24, will be randomly selected tbased on the
following inclusion criteria: currently enrolled in an educational institution and have received a general health
check-up within the past twelve months that indicate no significant physical health issues or cognitive
impairments. Those who do not fit within the inclusion criteria will not be selected for this study. Participation
will be voluntary, and informed consent will be obtained prior to inclusion in the study, although the hypothesis
will not be mentioned to the participants to prevent any bias. Participants will also be informed that there is a
possibility of exposure to explicit words or songs, and be debriefed afterwards with regards to the study.

The study will involve two major experimental groups, each involving 100 participants. In both
experimental groups, participants will be randomly assigned to different conditions in an attempt to avoid
selection bias.

Group 1 will include two smaller sub-groups:

Music group (M): Participants will be exposed to a playlist featuring a variety of randomly selected
songs from random music genres.

No music group (NM - Control): Participants will complete the task without any background music,
serving as the control group and providing comparison to the M group.

Group 2 will explore the genre-specific effects of music, and participants will be randomly assigned to one of
five sub-groups: Classical music, Pop music, Rap music, Heavy metal music, and No music (Control).
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Group 2 participants of the same sub-group will be exposed to the same song on repeat, as listed below:
Classical music: Eine kleine Nachtmusik by Wolfgang Mozart

Pop music: Style by Taylor Swift

Rap music: Damn by Kendrick Lamar

Heavy metal music: One by Metallica

For both experimental groups, participants will be placed in similar individual rooms, each with a table
and a chair. When the timer starts, all participants will be given a pencil to complete the same cognitive task:
solving 10 basic algebra problems that do not require calculator use, factoring, and the quadratic formula. At
the same time that the timer starts, songs given to the participant’s group will begin playing. Throughout the
time that it takes for the participant to complete the cognitive task, observations about the participant’s behavior
will be taken.

The independent variables will be the presence of music in experimental group 1, and the genre of
music in experimental group 2. The dependent variable will be task completion time (measured in seconds)
and accuracy of the task performed (scored out of 10 based on the correctness of the mathematical answers).

Participants’ performance will be evaluated based on the two dependent variables: accuracy and time
taken to complete the task. To assess the differences in performance across groups, Analysis of Variance
(ANOVA) will be used.

For Experimental Group 1 (M vs. NM), a one-way ANOVA will be conducted to compare the means
of the two groups. If the ANOVA yields a p-value < 0.05, this could be interpreted as a statistically
significant difference in performance between participants exposed to music and those not exposed to
music.

For Experimental Group 2 (classical, pop, rap, heavy metal, and no music), a one-way ANOVA will be
used to compare the mean performance across the five groups. If the overall ANOVA yields a p-value <0.05,
a Tukey’s Honestly Significant Difference test will be performed to identify specifically which genres differ
significantly from the others. There will be a focus on whether the group exposed to classical music will
outperform the others.

Lastly, this study will be required to be sent to an Instituional Review Board (IRB) in order to be
reviewed and approved. The board will review the research proposal and ensure that the human subjects
involved in this study will be treated according to the ethical guidelines and regulations.

Summary and significance

This study aims to identify the type of music that is most effective when utilized by young adults as
background music to increase performance levels. Through examining the time it takes for an individual to
complete the task and the success of task completion, this study reveals the impact of classical, pop, rap, heavy
metal, and no music on performance. One potential result that might be obtained from this study is that
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classical music will be the most beneficial in terms of increasing an individual’s performance levels. This
could indicate that non-lyrical music and music that was slow in tempo would demonstrate positive impacts
that increase levels of performance when utilized as background music while performing a task. On the other
hand, the results obtained from this study may not be generalizable due to the possibility of some individuals
having test anxiety that prevents them from performing well on standardized tests, thus producing a lower
score regardless of the genre of music in the background. This could be addressed in future studies by adding a
variety of ways to test for performance levels that are not just limited to standarized testing. Furthermore, the
specific music selected to act as background music could fail to represent an entire music genre, thus limiting
the effective and generalizability of the study. This could be addressed in the future by selecting an increased
amount of songs to better represent a certain genre. Overall, this study will benefit the educational field by
suggesting the most beneficial type of music to listen to while studying, thus increasing the overall academic
performance levels of individuals. The results would increase the effectiveness of young adults’ study sessions

and overall aid them in their academic careers.
Figure 2: This study oung adults enhance the effectiveness of study sessions.
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Longitudinal progression of subcortical white matter injury in mice

Hypothesis and Specific Aims

Post-ischemic casein kinase 2 (CK2) inhibition using the molecule CX-4945 preserves
oligodendrocytes, maintains axonal structure and improves functional recovery against selective

white matter ischemic injury.

Aim 1: Investigate the progression of white matter ischemic injury in mice using small-animal
magnetic resonance imaging (MRI). We will use imaging analysis software (e.x. ImageJ, 3D Slicer) to quantify

and analyze changes in white matter longitudinally after ischemic injury. This will allow for a non-invasive

evaluation of lesion development and structural alterations in the brain.

Aim 2: Quantitatively determine molecular changes in white matter following ischemic injury using
Polymerase Chain Reaction (PCR). We will analyze the expression of key genes related to oligodendrocyte
health, inflammation, and axonal integrity in control mice. This will provide a molecular profile of injury

progression and establish a reference for comparing future treatment effects.

Background

White matter injury is a major but often under-recognized contributor to neurological dysfunction
across a range of disorders, including stroke, traumatic brain injury, and age-related cognitive decline such as

Alzheimer’s disease and dementia.'

Subcortical white matter is vulnerable to injury due to its distinct vascular supply and high metabolic

demands, this sets it apart from cortical gray matter, which has historically received more research
attention.' A clearer understanding of how white matter injury mechanisms develop and progresses over
time is essential for creating effective, targeted therapies.
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Despite the clinical relevance, white matter strokes
remain underexplored relative to gray matter strokes. A
key challenge is that white matter damage involves
diffuse axonal injury, where the disruption is more
subtle, tearing axonal connections rather than the whole
tissue, which makes it harder to detect and characterize
with standard methods.? This has contributed to the
misconception that white matter injuries are less
significant, when in fact, they are increasingly
recognized as a primary driver of long-term functional
impairment.'* Age compounds this vulnerability. Structural and
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functional studies reveal that aging axons exhibit increased diameters, thicker myelin sheaths, and
dysfunctional mitochondria characterized by elongation swelling and an overall reduced ATP output.* These
aging-related changes are also correlated with increasing oxidative stress and compromised calcium
homeostasis, primarily due to disrupted mitochondria endoplasmic reticulum interactions. While axonal
function may be maintained under normal aging conditions, these adaptations may increase the white matter
vulnerability to ischemic injury.*

Recent molecular studies identified CK2 as a key mediator in white matter ischemic injury. CK2 via
CDKS5 and AKT/GSK3p, leading to mitochondrial dysfunction, axonal degeneration and loss of
oligodendrocyte support. Inhibition of CK2 with the molecule CX-4945 has been shown to preserve white
matter architecture and promote functional recovery post-ischemia. Importantly these protective effects
extend to both young and aged brains indicating the therapeutic potential of CK2 inhibitors across
different age groups.*>

Currently, what we know about CK2’s role
in white matter injury comes from an incomplete
picture as opposed to continuous observation.
There remains a critical gap in our understanding
of how white matter damage evolves over time,
particularly in aged brains, and how this correlates
with underlying molecular mechanisms and
functional decline of the brain.

Figues 2: While maiier injury progeoss

This project aims to fill that gap by using
high resolution MRI techniques to visualize and quantify subcortical white matter injury overtime through the
use of an in vivo selective focal white matter injury model. By integrating advanced imaging analysis tools, we
will capture the dynamics of injury progression and potentially link them to biological mechanisms.

Research design and methods

Animal Model:

This study will utilize adult C57BL/6 mice, encompassing both young (3—4 months) and aged (12-14
months) groups to capture age-related differences in white matter response to ischemia. The mice will undergo
a selective focal WM ischemia protocol, which involves stereotactic injection of L-NIO into the corpus
callosum. This model was chosen for its relevance in studying WM specific injury mechanisms, as highlighted
in previous research.’

Imaging protocol:

Longitudinal MRI data scans will be used to monitor white matter injury progression. High-resolution
scans will be conducted at multiple time points post-injury (days 1, 3, 7, 21, and 28), allowing for a
comprehensive temporal assessment of lesion development. This approach aligns with methodologies used in
prior studies to evaluate WM integrity over time.’ These time points will help establish a baseline timeline of
injury evolution, which is essential for future studies evaluating therapeutic interventions.

Imaging Analysis:
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The MRI datasets will be processed using ImagelJ and 3D Slicer software. These platforms enable
semi-automated segmentation and volumetric quantification of white matter and help with visualization of the
white matter lesions. Quantitative metrics, including lesion volume and signal intensity changes, will be
extracted to assess the extent and progression of white matter damage.’

Molecular analysis:

At the end of the imaging timeline, white matter tissue, specifically from the corpus callosum, will be
collected for molecular testing. RNA will be extracted and analyzed using quantitative PCR to measure the
expression of key genes that are related to mitochondria health. ( PGC-1a, MFN2), oxidative stress (Nrf2,
SOD?2), and white matter structure (MBP, PLP1). These genes were selected based on prior studies showing
their roles in white matter injury, particularly in relation to the CK2 signaling pathway.’ Comparing gene
expression between young and aged mice, and linking these results to MRI findings, we aim to understand
how molecular changes track with the progression of injury. This will help clarify how white matter breaks
down after strokes and how age may influence that process.

Statistical analysis

The longitudinal data will be analyzed using repeated measures ANOVA, which is appropriate for
tracking changes within the same subjects overtime. Mixed effects models will also be used to account for
intra subject variability and to handle the missing data, providing a better statistical framework for the
longitudinal design. Correlations between imaging and gene expression results will be explored using Pearson
or Spearman tests, as appropriate.’

Ethical Considerations:

All of the animal procedures will be conducted in accordance with institutional guidelines and
approved by the Institutional Animal Care and Use Committee (IACUC). The use of animal models is
essential for studying the complex in vivo interactions involved in white matter injury and recovery, which
cannot be fully replicated in vitro.

Summary and significance

This research addresses a critical gap in neuroscience by focusing on the temporal dynamics of
subcortical white matter injury in mice. By mapping the progression of ischemic damage using advanced in
vivo imaging, this study lays the groundwork for identifying novel therapeutic strategies for ischemic stroke,
such as CK2 inhibition. Its findings could advance our understanding of white matter injury and provide
therapeutic targets for white matter-related brain disorders. Although white matter’s importance in
neurological disease is gaining recognition, there is still a lack of clear understanding of how its injuries
evolve over time, especially in vivo and within ischemic models. This project directly addresses that gap and
has significant therapeutic implication, one example being treating ischemic stroke patients by targeting
pathways such as CK2. By establishing a timeline of molecular and structural changes post ischemia, this
work lays groundwork for targeted interventions. In particular, it can inform the development and timing of
neuroprotective strategies. Using high-resolution MRI and advanced image analysis tools like 3D slicer, we
will quantify changes in white matter integrity over multiple time points and correlate them with molecular
markers of damage. Focusing on a selective mouse model allows us to capture the natural course of injury in
the absence of intervention, which lays the groundwork for future therapeutic studies.

One limitation of this study is its focus on single injury mechanisms and the exclusion of treatment such
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as CK2 inhibitors. However, this study allows a clear detailed observation of the injury progression, which is
essential before the therapeutic strategies can be meaningfully tested. While the study does not evaluate
intervention directly, it sets the stage for future research into protective pathways and pharmacological targets.

Ultimately, this work has the potential to redefine how we study and treat white matter stroke,
providing a critical step towards improved clinical outcomes in stroke and other white matter related
conditions.
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Phase 111 trial: Immunotherapy using Dendritic Cell Vaccines

Hypothesis and Specific Aims

In this experiment, I would like to analyze how Dendritic Cell (DC) Immunotherapy vaccines compare
to other treatments on the market when it comes to treating and preventing a recurrence of resected pancreatic
ductal adenocarcinoma (PDAC).

My aim of this study is to find whether Dendritic Cell vaccines provide a higher standard of care
compared to the standard of care that is currently on the market. Standard of care means that patients should
be able to live their lives without a recurrence of cancer. Additionally, I hope to explore patient response and
long-term survival rates. My secondary aim is to examine the response of patients based on the different
stages of cancer they were in when they first started to receive treatment.

I hypothesize that if the Dendritic Cell vaccines are administered after having a patient's cancer
resected, then patients will have a significantly lower chance of having a recurrence of their cancer compared
to the normal standard of care.

Background

This research is to further the development of Immunotherapy with Dendritic Cell vaccines. The reason
is that it is hard to remove pancreatic cancer in a way where we can be sure we have not left behind other
cancer cells (Oberstein, 2013). Because of this, it often causes a recurrence in a person's cancer. This is why
treatments like immunotherapy are being developed, in order to be more sure that all cancer cells are removed
or attacked.

This study will be a Phase III trial for a study that had previously been completed with a Phase I and
a Phase II (van't Land, 2024). It will now undergo a Phase III trial, where it will determine if this treatment is
better than others on the market, which is the main objective of this study.

The previous study found that this treatment is safe, and further confirmed that the recurrence of the
cancer was much lower. They had demonstrated a 64% recurrence-free survival in 2 years (van't Land, 2024).
I have compared it to a value that found the recurrence-free survival rate of 21.3%, with no treatment after
resection, which tells us that the immunotherapy vaccines cause a significant increase in recurrence-free
survival (Groot, 2018).

To further understand this treatment, we must analyze the current standard of care that is given
to patients who have pancreatic cancer now. To make it simpler, we can refer to Figure 1 below.
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Figure 1: Flow chart showing basic progression from diagnosis to treatment for patients with pancreatic
ductal carcinoma (Principe, 2021)

The standard of care is to understand if we can first resect the cancer, which will be the arm we focus on
in this case, since we want to focus on cancer that has already been resected. Normally, people with pancreatic
cancer will receive a Whipple or distal pancreatectomy, where they will either remove the whole pancreas or
the pancreas as well as some surrounding organs (Bergquist, 2017). After that, they will then receive
chemotherapy with the appropriate drug. Finally, there will be imaging to make sure the cancer has not
recurred. Everyone in our study will go through this first.

Research design and methods

This study will be a randomized, double blind, placebo-controlled trial with the experimental cohort
receiving the dendritic cell (DC) vaccine and the control cohort receiving an injection of saline of the same
volume. Patients in the experimental group will first undergo imaging to ensure they do not have a recurrence
of their cancer. If patients meet the inclusion criteria to continue with the study, we will obtain a blood sample
and perform leukapheresis to isolate the dendritic cells. This will occur 6 weeks before the first administration
of the vaccine. Dendritic cells will be cultured with antigens specific to cancer cells and then administered in
the form of vaccines to the participants at weeks 0, 2, 4, 16, 28 (van't Land, 2024). Doses of the vaccine or
saline will be administered to either the experimental or control cohorts, respectively. This will then be
followed by follow-ups over a 2-year period, checking if cancer has recurred (van't Land, 2024).

Figure 2: Timeline of process that is described above (van't Land, 2024).
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Both groups will receive standard adjuvant chemotherapy using one of the two most common regimens:
Gemcitabine with Nab-Paclitaxel or FOLFIRINOX (a combination of 5-fluorouracil, leucovorin, irinotecan,
and oxaliplatin), selected based on the patient’s individual health status, tolerance, and oncologist
recommendation. Chemotherapy will follow standard clinical protocols over a defined cycle and be
accompanied by similar follow-up and monitoring procedures as the experimental group (Principe, 2021). After
this process, the vaccines or the saline will be administered, with the continuation of monitoring.

Additional data, such as the overall survival rate, will also be observed and analyzed. This will be done
by seeing which patients die throughout this process, and will then be reported as a percentage. This approach
is intended to provide insight into recurrence rates and the safety, tolerability, and impact of Dendritic Cell
vaccines compared to chemotherapy. This will be done by doing a delayed-hypersensitivity skin test. This
should be tested as positive, so we know that the vaccine is tolerable, as well as able to be received by patients.
As for safety, we want to make sure there are minimal side effects, if any, and they will not be life-altering.
Impact will be looked at in the sense of whether the vaccines are working, and positively impacting the patient
in terms of having no recurrence.

Since this will be done on human subjects, we will need approval from the IRB. To qualify for
participation, individuals must meet specific inclusion criteria. Such as being of age, and histologically
confirmed pancreatic ductal adenocarcinoma, who have undergone a successful complete surgical resection of
their cancer. Of course, all participants will be required to provide written informed consent. On the other
hand, individuals will be excluded from the study if they have received prior chemotherapy or immunotherapy
for pancreatic cancer, as this will interfere with the likelihood of the recurrence of their cancer. These criteria
help ensure participants' safety and also study the validity of results.

Summary and significance

Overall, the aim of this study is to compare Dendritic Cell immunotherapy vaccines to the current
standard of care, which is chemotherapy in patients who have already resected their cancer. This would be
done through having a control group, which would be the patients who get chemotherapy, and our
experimental group, which would be patients who get the Dendritic Cell vaccines in addition to the prior
chemotherapy. The results we will most likely end up with are that the recurrence in patients with cancer who
only go through chemotherapy is much higher compared to those who receive the immunotherapy vaccines.
This can be interpreted as immunotherapy Dendritic Cell vaccines plus the chemotherapy, resulting in a better
standard of care, and should be invested in to start being used in addition to chemotherapy. If the results are not
significant enough, we should try to see how we can improve this immunotherapy.

Some limitations of this study are the limited sample size that would be available and the follow-up for



long-term monitoring. Patients are always allowed to drop out of studies, and some patients may even die.
Additionally, some might even have a recurrence, and this would take them out of the study. This can cause
variability within the study. This can be counteracted by trying to get more than one facility involved with
the study. Therefore, there will be a diverse sample size, as well as enough people to give us significant
results.

Finally, this study is important as the treatments we currently have for pancreatic cancer are
minimal, and often not as effective as we would like them to be. Seeing as we often detect pancreatic cancer
in later stages of the disease, having better treatment options can lead to better outcomes for patients.
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CRISPR-Cas9 and its use on genetic diseases

Method and Hypothesis:
CRISPR-Cas9 could potentially be used as a method for correcting mutations in genes that cause

genetic diseases. It can be used as a long-term cure or treatment for Fragile X Syndrome in humans by editing
genomic sequences. The study aims to use CRISPR-Cas9 to correct damaged lab-grown human stem cells. It
also aims to test whether the genetic mutation within the cell was nullified. This is checked by sequencing the
DNA to verify if the presence of the wild-type gene is active. It also aims to test if the normal function of the
lab-grown cells were fully corrected and regained normal cell function.This could be achieved by measuring
cellular protein function or the metabolic activity. It can also be measured by testing animals affected by
Fragile X Syndrome and determining if there are meaningful behavioral or physical changes to the animals
after testing.

Background
DNA is used for copying and storing biological information. It contains the information that living

things need for functioning. It is copied with accuracy due to proofreading from DNA polymerase to prevent
mutations. Despite this, rare mutations can still occur. They occur during cell division, when copying occurs,
as well as exposure to UV radiation and chemicals. These mutations can cause diseases such as sickle cell
anemia or cystic fibrosis. These conditions can be passed down from parents or randomly occur because of
errors in the DNA sequence. [1]

One potential method to
prevent disease-inducing
genetic mutations is
through CRISPR-Cas9.
CRISPR is a gene editing
platform that can
DNA, | precisely modify DNA

v strands and potentially
cure genetic diseases. [2]
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promoters was an effective way of reducing the impacts of sickle cell anemia in patients. By editing stem
cells, the experiment was able to increase fetal hemoglobin levels. This leads to decrease in sickle cell
symptoms for patients. [4] Researchers believe that options like these are likely to become successful within
the next 15 years. [3]

CRISPR-Cas9 has also been used to treat Huntington's disease, a fatal disorder caused by mutations in
the HTT gene. This causes the production of a toxic protein, which can cause death of neurons in the brain.
CRISPR-Cas9 has been utilized to target and edit DNA sequences, correcting the H7T mutation. This was
done by silencing the mutant H77 gene. This not only decreased the levels of the mutated gene but also
showed visible improvements in cognitive function and longer lifespans. In human-derived cells, CRISPR has
been used to excise the expanded CAG repeat region that prevents the expression of harmful proteins. [6]

This study will investigate the efficacy of CRISPR-Cas9 editing when modifying the FMRI gene in
Fragile X Syndrome (FXS), a common cause of intellectual disabilities.[5] FXS is caused by CGG
trinucleotide repeat expansions, this leads to a silencing of the gene. [8]

We will use two different experimental models. One will be human patient derived stem cells with the full
mutation of the FMRI gene associated with
Marmal & Loeamonsss FXS .[8] Mice can also be used to test the
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FMRI gene groups in mice. Group A will

consist of a FXS model with no
CRISPR treatment applied.

This will become the negative
control group. Group B will contain a FXS model treated with CRISPR Cas-9. It will target the FMR1

promoter regions and this will be the experimental group. Group C will consist of healthy mice or stem cells

that are not present with FXS. This will become our positive control group.
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The study will utilize stem cells from patients affected by FXS. IRB approval is necessary to ensure
patient treatment and safety. A CRISPR Cas-9 system will be employed to cut the CGG repeats. Guide
RNAs will be created and then delivered to the stem cells. In mice the guide RNAs are injected, targeting the

brain such as the cortex and hippocampus.

Outcomes may be measured in mice through behavior. Unedited FXS mice will be observed,
analysing their behavior. This will be compared and contrasted with the CRISPR edited mice to determine the
behavioural effects. Behavioural tests may include open field tests and mazes to evaluate behaviours. In stem

cells FMR1 levels may be measured at varied time ranges after CRISPR treatment.

The use of human stem cells will follow IRB approval guidelines. This will protect the rights and
welfare of humans being used in research. Animal studies should be conducted with proper care to follow
Institutional Animal Care and Use Committee guidelines. The use of FXS mice is necessary as determining the
behavioral and health impacts for humans cannot be fully replicated by in vitro systems alone and research

using in vivo must be conducted as well.

Summary and Significance
This study utilizes CRISPR-Cas9 editing as a tool to correct FMRI gene mutations that cause FXS in

humans. FXS causes intellectual disabilities in humans. [5] By targeting the CGG repeats, the aim of this
experiment is to correct the FMR1 expression in human derived stem cells as well as lab controlled mice. If
the experiment is successful, the hypothesis is confirmed and the treatment will be successful. This will be
verified through cognitive and behavior improvements in mice and increased FMRP protein production in
stem cells. Potential results could be the deletion of the CGG repeat region as well as improved neurological
function in animals. In the mice it is expected that cognition in tests like mazes and puzzles would be

improved when compared to the untreated Fragile X Syndrome mice.

The pitfall of this could be long term health risks when applied to humans. A limitation is the
incomplete or improper editing of the human genome, which may result in correction errors, limiting the

efficacy of the experiment.

Despite limitations, this study is significant in the field of healthcare as it could provide a cure for
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Fragile X Syndrome while paving the path for further research in curing other genetic neurological

disorders.
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Investigating Brain Activation Patterns in Bilingual Individuals Faced with Impersonal Dilemmas

Hyvpothesis and Specific Aims

Bilingual individuals make different decisions when presented with impersonal emotionally
stimulating ethical scenarios in their native language versus their second language.

Primary Aim: To investigate whether bilingual individuals make different decisions when presented with
emotionally stimulating ethical scenarios—such as the Trolley problem—depending whether the situation is
presented in their native language or their second language.

Secondary Aims:

1. To investigate and compare the areas of brain activation that are used when decisions are made by
bilingual individuals that are presented with an ethical scenario in their native language or their second
language.

2. To explore whether implicit bias plays a role in ethical decision-making, specifically if participants
have a preference for individuals who speak their native language or their second language. This aim
will study potential bias and its influence on ethical choices made by bilingual individuals.

Background

As the number of bilingual individuals continues to rise and multilingualism becomes more common,
questions about how language influences implicit bias and moral decision-making prevail. Multiple studies
have explored these connections, however, the results are inconsistent.

In “Bilinguals on the footbridge: the role of foreign-language proficiency in moral decision making” by
Federico Teitelbaum Dorfman, the moral foreign-language effect (MFLE) was observed at intermediate
language 2 proficiency (L2p) levels and at high L2p levels. The MFLE suggests that bilingual individuals
make different moral decisions when using their foreign language compared to their native language. In this
study, L2p rarely affected how people responded to impersonal dilemmas, however, L2p did influence personal
dilemmas. MFLEs are consistent at intermediate L2p levels but not at high L2p levels. Overall, personal
dilemmas do not produce MFLE for all levels of proficiency. The results are inconsistent, however, they show
how the MFLE seems sensitive to L2p, especially in the case of personal moral dilemmas. “Conversely, the
MFLE does seem sensitive to lower L2p in the face of personal dilemmas.

Utilitarian decisions in L2 increase systematically at intermediate L2p levels, with MFLEs emerging in
85% of studies. Yet, this pattern proves inconsistent at high L2p levels, as the MFLE appears in only 50% of
studies.” (Dorfman et al., 2024)
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Similarly, “Moral Judgement in Early Bilinguals: Language Dominance Influences Responses to Moral
Dilemmas” by Galston Wong also found inconsistent results. In this study, participants answered ten different
scenarios on a computer screen and used the “1” to “7” keys to respond to the questions (1 = definitely no, 7 =
definitely yes). Three slides were presented: they read the information on the first slide, they were given a
paragraph that reiterated the given choice of action and asks the participants whether they would commit to it
on the second slide, and asked how distressing it was to answer each scenario on the 1 to 7 scale (1 = strongly
disagree, 7 = strongly agree) on the third slide. They tested for the main effects of language and dilemma type
(personal/impersonal), examined the relationship between participants’ language dominance and moral
decisions, and the relationship between emotional intensity and participants' moral responses. “The
mixed-factor analyses found no main effect of language across all five different scenarios on the participants'
utilitarian ratings, p > 0.05, indicating that participants responded similarly across both the English and
Mandarin Chinese versions of the task.” (Wong et al., 2018) In their conclusion, they state that alternative
explanations may need to account for the role of emotional arousal in the moral foreign language effect (FLe)
and language dominance effect (LDe) phenomenon.

Given the inconsistent results across these studies, our research aims to provide specific correlation
between bilingual individuals and their choices when presented with impersonal dilemmas in their native
language versus their second language. These differences will reflect in recognizable patterns of brain
activation.

Research design and methods

This study will use human participants who are selected randomly from local universities and
supermarkets through online platforms and surveys. All participants must be bilingual, with at least five years
of exposure to their second language. Prior to their participation, individuals will provide a signature on an
IRB-approved informed consent form. They will be separated into 3 age groups: 18-30, 31-50 and 51+. Within
each age group, participants are categorized into one of two proficiency groups: low proficiency or high
proficiency.
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Figure 1: Two subgroups within each age group

Participants will take the STAMP 4S (or STAMP WS for less commonly taught languages)
language proficiency assessment to categorize them into the low or high language proficiency
groups based on their numerical scores in listening/speaking and writing/reading (Avant
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Assessment, 2025). A score of 5 or below will be classified as low proficiency and a score of 6
or higher will be classified as high proficiency. This distinction will ensure a clear definition
between the proficiency groups. In total, there will be six experimental groups: ages 18-30 with
low proficiency and high proficiency, ages 31-50 with low proficiency and high proficiency, and
ages 51+ with low proficiency and high
proficiency. Each participant will verbally
respond to five moral dilemma questions,
_ including the trolley problem, as a person
iy, & (ML reads them a paragraph about each

y o — situation.

Figure 2: The Trolley Problem
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'Figure 3: The Footbridge Dilemma 3
“A moral dilemma arises when an agent is in a choice situation in which he/she cannot satisfy the
dictates of morality.” (Vallentyne, 1989) Moral dilemmas presented to participants will include
various types of scenarios such as the Trolley Problem and the Footbridge Dilemma. The time the
participants take to respond to each scenario will be involved in the analysis of results. Once
participants select their choice, they will not be able to change their decision. Participants will
verbally respond to each question with “A” or “B”. Each question will be asked in both their
native and second language and responses will be recorded. When we ask the trolley problem, on
one rail will be a person who speaks the participant’s native language and on the other rail will be
a person who speaks their second language. Results to these questions will be compared between
all six groups using the help of a statistician.

These questions will be presented during functional magnetic resonance imaging (fMRI)
scanning to observe brain activation patterns. Participants will be asked to remain still and
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respond verbally. fMRI data will be collected using a 3T scanner. For each experimental group,
fMRI will be used to collect blood-oxygen-level-dependent (BOLD) signals to determine the
activity in different brain regions. We will observe brain regions like the amygdala, medial
prefrontal cortex, and ventral prefrontal cortex and their activation levels during each task. To
determine whether a brain region is more active, the fMRI detects increased oxygenated blood
flow to that region, since neural activity triggers a blood flow response that is measured through
the BOLD signal. “The blood-oxygen-dependent (BOLD) signal, detected in fMRI, reflects
changes in deoxyhemoglobin driven by localized changes in brain blood flow and blood
oxygenation, which are coupled to underlying neuronal activity by a process termed
neurovascular coupling.” (Hillman, 2015) After getting all of the scans, we will compare and
observe the BOLD signal scans between the low proficiency group with the high proficiency
group within each age group. When comparing, we will involve statisticians to perform
quantitative analysis to identify statistically significant in BOLD activation between each group.
This analysis will determine whether language proficiency and age interact to influence neural
activity during moral reasoning tasks.

Summary and significance

In this study, we hypothesize that bilingual individuals will make different decisions
when presented with emotionally stimulating ethical scenarios in their native language
versus their second language. To test this, we will use fMRI scans to observe brain
activation patterns as participants are asked ethically challenging questions.

We anticipate that when participants make decisions in their second language, they may
have the tendency to exhibit less emotional attachment and less activity in emotion-related brain
regions. However, with their native language, we predict that they will have a stronger emotional
connection which will increase activity levels in their emotion-related brain regions. These
results will provide an insight into the cognitive and emotional contributions when bilingual
individuals are presented ethical scenarios in both of their languages.

Most bilingual people have different levels of fluency in both of their two languages
which can skew and provide inconsistent results between each of the participants. To address this
limitation, in future studies we could assess each participant’s language proficiency through the
Avant STAMP language proficiency test that provides a numerical value to measure their
proficiency in speaking, listening, reading, and writing for both languages. By defining the
participant’s language proficiency, we would be able to provide results that are more consistent
and generalizable. However, this leads us into our next limitation, the STAMP test. Though the
STAMP assessment is used to categorize our participants into their subgroups, no test perfectly
assesses an individual’s language proficiency. We also don’t know if everyone will take the test
as seriously as others which could skew our results due to inaccurate categorization. The last
limitation I found is the different languages participants speak since I did not limit which
languages I used in the experiment, there are many differences between languages that could
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affect my results.

This study will enhance our understanding of language-contextualized cognition, and
highlight the different biases that different cultures may present. It will analyze how languages
reflect different cultural values which could influence decision-making and moral reasoning.
By examining these connections, this research will promote multilingualism and cultural unity.
Ultimately, this study will highlight the importance of linguistic and cultural diversity.
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Skylerr Huston
CRISPR-cas9 treating Scrapie in Sheep

Hypotheses

Scrapie is a fatal, progressive neurodegenerative disease that primarily affects sheep and
goats. It belongs to a group of diseases known as Transmissible Spongiform Encephalopathies
(TSEs), which are caused by misfolded proteins known as prions. Scrapie has no known cure
and is always fatal, making it crucial to explore new treatment methods. More research is
needed to understand how to effectively treat and ultimately prevent this disease. This study
hypothesizes that the CRISPR-Cas9 gene editing system may offer a potential cure and
preventative treatment for Scrapie in sheep. By targeting and editing specific genes associated
with prion production, CRISPR-Cas9 may be able to reduce or eliminate the disease's effects.
The primary aim of this research is to utilize the CRISPR-Cas9 system to treat, manage, and
possibly reverse the symptoms of Scrapie in infected sheep. Another secondary goal is to
explore the broader potential of CRISPR-Cas9 as a therapeutic approach for other prion-caused
TSEs, including those that affect both animals and humans, such as Creutzfeldt-Jakob disease
and bovine spongiform encephalopathy.

Background
A prion is a misfolded protein usually causing neurodegeneration. Scrapie is a fatal

neurodegenerative disease (grouped among many other similar diseases called TSEs
(Transmissible Spongiform Encephalopathies) that is caused by a misfolded protein called PrP*
(a prion) which accumulates causing neurodegeneration. Scrapie is usually found among goats
and sheep and is transmibble, especially during birth to the lymphoid system and central nervous
system. There is now an ongoing eradication program that is ongoing and still needs research.

Scrapie was first detected in Europe in the 18th century and has become an increasing
threat for sheep populations. The disease progresses slowly, often years before the first signs
show, as the PrP*prion builds up in the brain. Sheep begin to show signs such as weight loss,
behavioural changes, itching, and loss of coordination. Diagnosing Scrapie is often challenging
to diagnose due to the disease exhibiting similar signs to other neurological diseases.

Certain genotypes such as ARR are associated with resistance. Selective breeding
methods have been able to reduce the prevalence of Scrapie in sheep flocks, but have failed to
fully eliminate the disease and still requires more research.

The PrP*® gene is resistant to breakdown by enzymes and usually accumulates in places
in the lymphoid system and central nervous system. Early on in the infection the prion gathers
in lymphoid tissues like the tonsils, spleen, and lymph nodes. As the disease progresses and
travels along the nervous system and spinal cord, it damages neurons and supporting cells. This
leads to spongiform degeneration, where the brain forms sponge-like holes resulting in the
symptoms of the disease.

Research Designs and Method
This project will explore if CRISPR-cas9 can treat a neurodegenerative disease, Scrapie
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in sheep. Scrapie is caused by a prion, which is an abnormal protein that folds the wrong way
and deposits in the brain causing damage overtime. The overall goal is to use CRISPR to edit the
gene that makes this protein, the PRNP gene, to stop the disease from developing.

To study this, the sheep will be split the sheep into three groups:
e One group will not be treated (control group)
e One group will be treated with CRISPR-cas9 to edit the PRNP gene
e One group will be given an inactive treatment to make sure any effects are really from
CRISPR and not something else

Sheep are the best animal to use for this research because they naturally get Scrapie,
and get it more commonly compared to goats. Testing on sheep will help us see how the
disease works in the brain, which cannot be done in a dish or lab. This study will need approval
by IACUC (Institutional Animal Care and Use Committee) to make sure the sheep are treated
ethically and humanely.

Using the CRISPR-cas9 system will target the PRNP gene, which tells the body how to
make the prion protein. If we can cut out and change this gene we may be able to stop the
harmful prion protein (PrP*) from forming.

First the CRISPR-cas9 will be tested on sheep cells in the lab. The DNA in these cells
will be checked to see if the gene was successfully edited using a method called PCR
(Polymerase Chain Reaction), which makes copies of the gene to analyze. Results will be
separated by gel electrophoresis, which lets us see if the gene is changed.

After successful lab testing the CRISPR will be given to live sheep using a safe delivery
method, such as a vector/virus that carries the CRISPR system into the brain. The sheep will be
observed for the next few years to look for signs of Scrapie such as problems walking,
behaviour changes, or signs of brain damage.

During the study the sheep’s brain and tissues will be tested to check for:

e Protein levels, using tests like Western blotting, which can check amounts of prion
protein present

e Check for signs that CRISPR gene editing worked

e Check for off-target edits by comparing DNA sequences from treated and untreated
animals, to check if CRISPR changed other parts of the sheeps DNA

Data from the experiment will be compared using basic statistics. For example, we will
compare how many sheep in each group got sick, how long they stayed healthy, and how much
prion protein was found in their brains. A P-value < 0.05, will be used to decide if differences
between the groups are statistically significant (not due to chance).

Summary
This study explores if CRISPR-cas9 gene editing can be used to treat Scrapie, a fatal
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brain disease found in sheep caused by a folded protein called a prion. Scrapie is one of several
neurodegenerative diseases known as TSEs (Transmissible Spongiform Encephalopathies),
which affect both animals and humans. The goal of the study is to use CRISPR to target and
change the PRNP gene, which is responsible for making the prion protein, in order to prevent the
disease from spreading.

If the CRISPR treatment works we expect the treated sheep to:

e Show fewer signs of brain damage
e Stay healthier then the untreated ones
e Have lower levels of the harmful prion protein

This would suggest that CRISPR successfully edited the PRNP gene and maybe a
possible treatment for Scrapie and other similar diseases. It could also open the door to using
gene editing for other brain diseases caused by misfolded proteins.

Sudden limitations and challenges include a long-time frame because Scrapie develops
slowly, so results might take a while to see. In addition, CRISPR may accidentally edit the wrong
part of the DNA which causes off-target effects. Finally, getting the CRISPR system into the
body safely presents a challenge.

Scrapie is currently incurable and prion diseases like it are always fatal. - Expand on it
By exploring as a treatment this study could lead to new ways to stop these diseases, not just in
sheep, but possibly in humans as well. This kind of research could be an important step
forward in how we understand and target caused by protein misfolding and neurodegeneration.
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Accuracy of Fetal Brain MRI Prediction on Postnatal Neurodevelopmental Qutcomes

Hypothesis and Specific Aims
This research proposal hypothesizes that fetal brain magnetic resonance imaging (MRI) can accurately

predict postnatal neurodevelopmental disorders, such as autism spectrum disorder (ASD), by identifying
abnormalities in brain morphology. One specific aim of this study is to compare the relative functionality of
fetal brain MRI with a more commonly used imaging technology, ultrasonography, also known as ultrasound
or sonography, by analyzing the strengths and deficiencies of both processes. Additionally, the impacts of
environmental factors and maternal health on fetal brain MRI predictions will also be examined, specifically
though stress levels, nutrition, and environmental toxins such as heavy metals. Stress levels will be collected
through patients’ self reports, and nutrition and environmental toxicity will be

measured through blood samples testing vitamin D, iron,

&/ é}'@? lead, and mercury levels. Finally, this study seeks

1% f to improve early detection of neurodevelopmental

} i S .i disorders by building on the findings of the previous

il 8l 2ims, and thus strengthens genetic counseling efforts.

Figure 1. Fetal brain MRI (Nagaraj & Kline-Fath, 2022)

Background

Magnetic resonance imaging (MRI) is a noninvasive imaging technique that can produce detailed
images of anatomical structures using magnetic fields and radio waves. The primarily MRI sequences used
are ultrafast T1 and T2-weighted scans. Ultrafast T2-weighted techniques such as single-shot fast spin-echo
(ssFSE) minimize the effects of fetal motion and can greatly reduce imaging time (Jarvis et al., 2019; Tee et
al., 2016). In utero exposure to drugs, environmental toxins, maternal stress, mental health, malnutrition, and
more, have been found to affect fetal brain development (De Asis-Cruz et al., 2022). Fetal brain MRI
functions as a second-line examination in prenatal care, often performed after abnormalities in fetal
development are detected in ultrasonography, also known as ultrasound or sonography (Powers et al., 2022).
Scans are usually taken during the second or third trimester, or around after 22 weeks gestation, the time since
the first day of the mother’s last menstrual period (Glenn, 2010).

Subplate (SP) neurons are one of the first neurons generated in the cerebral cortex and undergo
apoptosis after the cortex matures. They can act as biological markers for neurodevelopmental disorders such
as schizophrenia and autism spectrum disorder (Serati et al., 2019). As SP neurons are involved in functions
during fetal gestation, longitudinal pre- and postnatal imaging studies, such as fetal brain MRI, early detection
of SP neurons through fetal brain MRI could help to better predict neurodevelopmental outcomes and allow
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for new discoveries concerning developmental trajectories in the SP zone (Serati et al., 2019).

Autism spectrum disorders (ASDs) are permanent neurodevelopmental disorders that can affect
communication and behavior, usually recognized within the first three years of life. Approximately 1 in
every 100 children worldwide are diagnosed with ASD, and the disorder can be caused by many different
genetic abnormalities, including single gene mutations (i.e. CHD8, SHANK3) and deletions or duplications
of DNA segments. These abnormalities can result in abnormal cortical development and connectivity.

Ultrasonography is currently more utilized than MRI because of its low cost, high availability, and
scientific support. However, MRI does hold some advantages over ultrasonography. For instance, MRI allows
for an increased field of view of internal structures, greater image quality through increased detail and contrast,
and precise 3D reconstructions (Tee et al., 2016). Additionally, MRI can be useful in diagnosing central nervous
system syndromes in the second trimester. The ultrasonographic diagnosis of Joubert syndrome or related
disorders may only find general brain abnormalities. However, fetal MRI was found to detect a brain deformity
at the pontomesencephalic junction, otherwise known as the molar tooth sign, and diagnose Joubert syndrome
within 17-18 weeks of gestation (Saleem, 2013). This demonstrates that MRI use could likely increase the
speed of detection for disorders associated with brain deformities, such as autism spectrum disorders. Early
detection can allow for greater support postnatally, as well as improve children’s developmental outcomes and
future quality of life.

Research Design and Method
This study will implement a quantitative, longitudinal approach, using a retroactive cohort study and

measure the capability of fetal brains, measured by magnetic resonance imaging (MRI) scans and under the
effect of maternal factors, in predicting neurodevelopmental outcomes such as Autism Spectrum Disorder
(ASD).

The independent variables in this study include factors affecting maternal health: namely stress,
nutrition, and the environment. Stress levels will be self-reported, nutrition levels will measure vitamin D and
iron levels through blood samples, and environmental toxins will also be measured through the detection of
heavy metals in blood samples. Another independent variable is fetal brain morphology, which will be
measured through fetal brain MRI scans, performed on a 1.5 tesla MRI scanner at or after 22 weeks of
gestation.

The dependent variable is the prevalence of postnatal neurodevelopmental disorders, measured through
cognitive assessments at postnatal follow-ups, such as ADOS (Autism Diagnostic Observation Schedule).
Confounding/intervening variables include the socioeconomic status of participants, and background variables
encompass the age of mother and fetus, ethnicity, gestational age, and the sex of the fetus.

The study will require 100 participants with the inclusion criteria of single gestation pregnancy and
pregnant individuals in the second or third trimester of pregnancy, recruited from participants engaging in
routine prenatal ultrasounds. Additionally, the study aims to target patients who have a medical history of
ASD and examine whether maternal health factors exacerbate the likelihood of brain abnormalities and a
potential ASD diagnosis.
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Timeline

Month 1: Obtain IRB (Institutional Review Board) or IEC (Independent Ethics Committee) approval
Month 2: Recruit participants according to inclusion guidelines, gather patient consent forms Months 2-4:
Collect data surrounding maternal health factors

Months 4-6: Conduct fetal MRI scans

Months 6-24: Conduct postnatal follow-ups to analyze neurodevelopmental changes Month

24-26: Analyze data and interpret results

Motipn-Lormupted Motion-Lorrect

There are no particular ethical issues surrounding this study,

as data suggests no significant risk to the fetus during MRI, although
it is recommended to wait until the second trimester before
performing the imaging process. For potential limitations, fetal
motion during MRI scans may affect the imaging process by
distorting and degrading the images and require repeat scans,
delaying the process.

Figure 2. Effects of motion-corruption in MRI scans (Ouyang, n.d)

The setting will be a medical center or hospital with access to both fetal MRI technology and
ultrasonography techniques, as to provide a means of comparison. Data will be collected and analyzed
through regression models, and machine learning algorithms can be utilized to connect identified
biomarkers to possible neurodevelopmental disorders.

Summary and Significance

This study analyzes the extent to which fetal brain MRI scans can accurately predict postnatal
neurodevelopmental outcomes, such as autism spectrum disorder (ASD). Variables such as fetal brain
morphology and maternal health factors were measured. Potential results include the identification of biological
markers such as SP neurons that can aid in early detection. However, several limitations may significantly
affect the accuracy of prediction. Firstly, the scope of the study is not large and may not be indicative of a
greater population. Confounding factors such as relative location may play a role in influencing the results of
the data. Additionally, limitations within the MRI process include low quality or distorted images due to a high
water content in the fetal brain, low contrast, and excessive fetal motion. Early detection of
neurodevelopmental disorders can help with future actions within genetic counseling, aiding prenatal and
postnatal treatment. However, there are also ethical issues surrounding early detection, as acknowledging the
likelihood of brain abnormalities and their possible consequences could potentially promote the termination of
the pregnancy. Despite these current boundaries, ultimately, MRI has the capacity to become a vital,
noninvasive tool in disorder detection. The applications of MRI show potential not only in neurodevelopmental
disorders like ASD, but in neurological and psychiatric disorders such as schizophrenia as well.
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The use of Vitamin D managing Breast Cancer found in Animals

Hypothesis an ific Aim

Recent studies have demonstrated the use of vitamin D in the treatment of osteosarcoma, which
decreased tumor growth and metastasis in osteosarcoma.’In the light of other studies that reveal a connection
between vitamin D deficiency and breast cancer development in women, I hypothesize that the use of vitamin
D as an additional treatment modality can decrease breast cancer growth and metastasis. The first aim of this
study is to test whether regular Vitamin D treatment can decrease the risk of metastasis and slow tumor
progression in animal models of breast cancer. Impact of vitamin D on tumor growth will be measured in vitro
using cell culture assays and in vivo by daily tumor measuring using calipers. Metastatic potential will be
evaluated in vitro by a scratch assay and in vivo by measuring metastatic lesions at endpoint analysis. The
second aim of the study is to evaluate cellular changes after vitamin D treatment at the RNA and protein level.
To observe these changes, we will use sScRNA-seq to assess differentially changed transcripts, with a particular
interest in genes relating to EMT. We will verify transcriptomic changes with Western blotting. This study
predicts that animals receiving Vitamin D will show a slower rate of tumor progression and a reduced risk of
metastasis compared to animals that do not. If this study is successful, it may show an accessible supplement
with potential therapeutic value in treating breast cancer.

Backgroun

Breast cancer is the malignant transformation of cells within breast tissue.'It is one of the most
commonly diagnosed cancers worldwide, and a leading cause of cancer-related deaths in women, with a global
yearly death toll of 670,000.' One of the major contributors to its high mortality rate is metastasis—the spread of
cancer cells from breast tissue to other organ sites.? Once this occurs, the prognosis worsens significantly and
treating it becomes much more difficult and complex. Treatment for breast cancer is typically based on the type
of breast cancer and its stage, and includes: surgery, radiation, chemotherapy, hormonal therapy, targeted drug
therapy, and immunotherapy.’ While these treatments can be effective, they often come with many side effects,
high costs, and the potential for resistance over time. Due to these factors, there is an urgent need for an
: e b e o o i ver adverse effects.
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Figure: Cancer deaths by type in the World

674,199 breast cancer related deaths in 2021,
shows an increasing trend from the 1980s to
2020s.

Vitamin D, which is a fat-soluble vitamin, plays an important role
in a number of body functions such as calcium absorption, bone metabolism, immune function, muscle
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function, and cellular regulation.*Its deficiency can lead to consequences including hypocalcaemia, bone loss,
and muscle weakness. It is now being investigated for its potential anti-cancer properties. Studies have shown
that low vitamin D levels are correlated with higher risks of developing breast cancer.* Breast cancer patients
are also at an increased risk for medical complications associated with vitamin D deficiency such as bone loss,
falls, fractures, and infections.* Bone loss induced by cancer treatment affects up to 80% of breast cancer
patients. The annual loss of bone mineral density in breast cancer patients may also be up to 7 times greater
than the annual loss by women without cancer.* This loss of bone mineral density produces a significant
increase in risk of fractures as opposed to healthy women, which results in increased mortality and negative
consequences.* As vitamin D plays an important role in bone metabolism, this indicates the use of vitamin D to
prevent bone loss.

A preclinical study on osteosarcoma shows promising results. In the study, vitamin D—specifically its
active form of 1,25(OH),D--was shown to significantly reduce tumor growth and lung metastasis in murine
models of osteosarcoma.’ Researchers found that vitamin D acted through 2 main mechanisms: downregulation
of Snai2, a driver of epithelial-to-mesenchymal transition (EMT), and reprogramming of nonsense-mediated
RNA decay (NMD) pathway, which altered gene expression in favor of tumor suppression, immune
recognition, and reduced metastatic potential.’ Also, the vitamin D receptor was shown to directly inhibit
pro-metastatic signaling, supporting the role of Vitamin D in preventing cancer cell spreading.’ This study
suggests that Vitamin D’s regulatory influence on EMT and RNA surveillance pathways can be relevant to
other metastatic cancers such as breast cancer, which spready frequently.’ Therefore, I hypothesize that vitamin
D may act via similar mechanisms to decrease tumor growth and metastatic potential in breast cancer.

Research design and methods

This study aims to investigate the effects of regular vitamin D treatment on breast cancer progression
and the risk of metastasis in a murine model. Two groups (each group consisting of 10 mice) of female BALB/c
mice will be used as they are commonly chosen for cancer research due to their similarity to humans in terms
of anatomy, physiology, and genetics.® This study will be conducted under standard laboratory conditions and
approved by the Institutional Animal Care and Use Committee (IACUC), ensuring ethical treatments of the
animals. Animal models are necessary for this study as they allow us to study both tumor development and
effects like metastasis and changes in bone density which cannot be accurately modeled in vitro.

In order to simulate human breast cancer, all mice will be orthotopically injected with 4T1 breast cancer
cells into the mammary fat pad.® This specific cell line is well known for its ability to spontaneously produce
highly metastatic tumors, making it an ideal model for studying tumor growth and the spread of cancer.” After
injection, the mice will be randomly assigned to either a control group using PBS (ethanol vehicle) or a
treatment group using calcipotriol (a form of vitamin D), which is a dose known to not cause hypercalcemia or
any deleterious side effects.’ Treated mice will receive Vitamin D through intraperitoneal (IP) injections of

calcipotriol at a dose of 60 pg/kg, which will be administered once daily for 21 days following tumor injection.’

Tumor growth will be monitored daily through the use of digital calipers, and tumor volume will be
calculated. The survival will be measured by recording the time until natural death or when tumors reach a
volume of 2cm’, at which point euthanasia will be administered in accordance with the TACUC regulations. To
evaluate metastasis, tissue samples from major organs such as the lungs, liver, and bones will be collected and
stained (hematoxylin or eosin) to visually count the number and distribution of metastatic lesions.®
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To evaluate cellular changes, tumors will be excised from both groups following euthanasia and
analyzed for gene and protein expression. sScRNA-sequencing will be used to evaluate the changes in gene
expression between the treated and untreated tumors, with a focus on epithelial-mesenchymal transition
(EMT) related genes that were indicated in prior literature, such as CDH1 (E-cadherin), VIM (vimentin), and
Snaill. Differential gene analysis will then be performed to identify significantly up or down regulated genes
after treatment in an unbiased manner. Additionally, chromatin accessibility will be assessed during ATAC
sequencing to determine if vitamin D alters the epigenetic regulation of genes involved in tumor progression.
These changes could potentially explain the long term regulatory effects of vitamin D on a genome. In order to
validate the RNA sequencing results, protein expression of differentially expressed genes will be measured
using Western blotting.

Bone density, which is important due to breast cancer’s tendency to metastasize to bone, will be
measured using micro-computed tomography. This imaging technique will allow for detailed assessment of
bone structure, density, and signs of degradation. The mice within the vitamin D group are expected to show
less bone degradation, which indicates a potential protective feature of supplementation. The scans will be
taken post-death from common metastatic sites such as the femur or spine. This data will help identify early
signs of bone degradation caused by tumor invasion. Also, histological staining may be used on the bone
sections to confirm tumor cells within bone marrow cavities, giving more information on metastasis patterns.

In vitro experiments will also help to support the findings from the in vivo model. 4T1 cells will be
cultured with and without vitamin D treatment, and effects on cell proliferation will be measured through cell
counting and proliferation assays using CellTrace. A scratch assay will also be performed to examine the
impact of Vitamin D on cell migration, using cultured 4T1 breast cancer cells. A uniform “scratch” will be
made down the center of the cell using something to stimulate a wound (e.g. a sharp object), cells will then be
treated with Vitamin D and monitored over time using microscopy to measure how quickly the cells migrate to
fill the gap. A slower rate of gap closure in the Vitamin D treated group compared to untreated may indicate a
reduced migratory ability.
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Figure 2A: Scratch migration assay from
Vitamin D used in osteosarcoma

Example to show the predicted effect from
Vitamin D usage in breast cancer of a slower rate
of gap closure in treated group.

All of the data will be statistically analyzed using different tools, such as R and Excel. Tumor volumes,
survival data, and gene expression levels will be compared between control and treatment groups using tests
such as t-tests or ANOVA for tumor growth. A p-value of less than 0.05 will be considered statistically
significant. Overall, this research design combines a multitude of data such as tumor size, survival, metastasis,
gene expression, protein analysis, and bone density, in order to explore the hypothesis that Vitamin D
supplementation reduces breast cancer progression and metastasis.

Summary and significance
This study aims to evaluate the effects of Vitamin D on breast cancer progression and metastasis using
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both in vivo and in vitro models. Through tumor measurements, metastatic tissue staining, gene and protein
expression analysis, and bone density imaging, this research will assess how Vitamin D influences tumor
behavior. Based on prior literature, we anticipate that Vitamin D treated mice will show slower tumor growth,
fewer metastatic lesions, and preserved bone density as compared to the controls.

There are potential limitations of this study. The 21-day treatment period may not completely represent
the long term effects of Vitamin D on tumor progression. Also, the intraperitoneal (IP) injection of calcipotriol
may behave differently for oral supplementation in human patients. In order to address these limitations, future
experiments can include other breast cancer models, alternative treatment methods, and longer treatment
durations. If no significant reduction in tumor growth is observed as a solo therapy, Vitamin D can be
combined with other therapies such as chemotherapy, or immunotherapy to see if it enhances therapeutic
outcomes.

This work will yield a better insight into the efficacy of vitamin D as a therapeutic treatment and will
provide strong precedence for clinical transition if preclinical data supports anti-tumor or anti-metastatic
potential. Further investigation can explore using sequencing data such as scRNA-seq and ATAC-seq to
determine the down-sequencing pathways altered by the Vitamin D treatment, which can help identify
networks related to immune signaling or metastasis. Also, studies using CRISPR can compare effects of
different types of Vitamin D such as D2 (Ergocalciferol), D3 (Cholecalciferol), and the active form D1
(calcitriol), to help show which form of Vitamin D has the most potential anti-cancer effects. Overall, these
findings may support clinical trials in testing Vitamin D as a safe therapy for breast cancer patients.
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Comparing Oxford Nanopore Sequencing and Antifungal Susceptibility Testing for Rapid and
Accurate Identification of Antimicrobial Resistance in the Clinical Fungal Infections of Patient

Undergoing Chemotherapy

Hypothesis and Specific Aims

When it comes to technology, is the new really better than the old? This study compares the accuracy
and efficiency of antifungal susceptibility testing (AST) and a newer technology, Oxford Nanopore
Sequencing (ONT) in identifying antimicrobial resistance (AMR) in clinical fungal infections of patients
undergoing myelosuppressive chemotherapy. Patients undergoing myelosuppressive chemotherapy were
selected for this study as this group is both more susceptible to severe fungal infections and has a higher
mortality rate associated with these infections. This study hypothesizes that ONT will be the more effective of
the two technologies.

The specific aims of this study are:
1. Comparing ONT and AST in terms of accuracy and efficiency in identifying AMR in clinical fungal
infections
2. Comparing the predictive capabilities of ONT and AST in identifying AMR in clinical fungal infections
3. Evaluating the potential impact of ONT on treatment selections and patient outcomes

By addressing these aims, this study could allow clinicians to implement a potentially superior diagnostic
tool and ultimately select more effective drugs in a more timely manner, leading to more targeted antifungal
therapies.

Background

AMR in fungal infections is an understudied area, yet fungal infections amount to 1.6 million deaths in
developing countries and are becoming more widespread in several risk groups including patients undergoing
chemotherapy.' Efficient identification of AMR in fungal infections allows clinicians to provide more effective
treatments. Currently, AST is used in clinical settings to identify AMR, but a newer alternative—ONT—shows
promise. This proposed study will compare the two methods.

When a patient has a fungal infection, they are first given an empiric
drug chosen based on the provider’s experience. Then AST (a
phenotypic method) works by taking a sample from the infection and
identifying the primary fungus causing the infection by culturing the
sample. Fungal isolates are tested with different antimicrobial agents
to determine whether the sample has AMR against any of the
agents.” The length of the process depends on the type of fungi, but it
can take anywhere from a few days to eight weeks.’ Only after this
lengthy waiting period can the correct antibiotic be given to the
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patient.

Figure 1: Traditional Antimicrobial
Inhibition Test (Srinivas, 2018)
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Figure 2:
Oxford Nanopore Sequencing (Srinivas, 2018) (Boldu, n.d.)

ONT (a genotypic method) uses flow cells with tiny pores that liquid samples (DNA or RNA molecules)
can flow through. A sensor chip measures the amount of current flowing through each pore. Different
nitrogenous bases cause different disruptions to the current as they pass through, which the basecalling
algorithm is able to turn into a nucleotide sequence. As this happens in real-time, scientists are able to stop
whenever they have collected the necessary data.* However, whole genome sequencing with adequate depth can
take around 48 hours.” AMR can be identified with this technology by searching for genes associated with AMR
against a specific antifungal agent.

A study published in Nature Communications details a case where an immunocompromised patient
was given the antibiotic Meropenem for their bacterial infection. The infection’s primary pathogen was
identified as a Klebsiella Pneumoniae isolate and AST was used to determine that the pathogen was resistant
to carbapenems, so the patient was instead given CAZ-AVI. Shortly afterwards, another sample was taken
which showed resistance to CAZ-AVI, but susceptibility to carbapenems, so Meropenem was reintroduced, but
the patient passed away. The AST process took 52 hours each time. In order to see how ONT would have
responded, researchers sequenced both the pre and post CAZ-AVI samples, and found that blaypc., was present
in the first sample, confirming Monoporem resistance, and blaypc.,, was present in the second sample,
confirming CAZ-AVI resistance and carbapenem susceptibility. They also found one blaypc_i4 copy in the first
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sample. Both samples took fifteen hours to sequence. After sequencing the first sample for an additional two
hours, they found a second blaypc_14 copy, showing the potential for CAZ-AVI resistance that AST did not
detect.® This study demonstrates ONT’s ability to accurately and efficiently predict AMR in bacteria. It can be
inferred that ONT would perform similarly with fungi.

Research design and methods

This study will begin by randomly selecting fifty males and fifty females undergoing chemotherapy
who have fungal infections. As we are using human subjects, we will submit a proposal to the IRB for review,
and implement patient consent forms. We chose such a large sample size because some patients may have
clinical fungal infections without AMR. It is vital that we test both males and females, because a 2015 study
published in PLOS Genetics showed an infection by the smut fungus Microbrotryum lychnidis-dioicae had
different effects on males and females.” Additionally, fungal infections in humans could adapt for males and
females differently, so to ensure that our data represents which of the two AMR detection tools (ONT or AST)
is better for all chemo patients, we must test both sexes. We chose to study patients undergoing chemotherapy,
as a 2010 study published in the Journal of Antimicrobial Chemotherapy stated that from 1995-2001 the
mortality rate for chemo patients with invasive fungal infections was 56.9%. Although it decreased to 28.6%
from 2001-2006,® recent studies have shown that due to AMR and climate change, general frequency, severity,
and distribution of fungal infections are on the rise again, especially in risk groups like patients undergoing
chemotherapy.'

Two samples of the infection will be taken from each patient. We will utilize sample collection methods
appropriate for the location of the infection. We chose to look at various infection locations in order to test both
technologies (AST and ONT) in as many areas as possible so as to determine which is best overall in a clinical
setting. However, during the data analysis process, we will observe whether either technology favored a
specific sample type. For superficial infections, we will be using skin scrapings, as nail clippings cannot be
used for fungal infections growing on other parts of the body. To collect the scrapings, we will wipe the patch
of skin with the most recent lesion using an alcohol wipe. Then, a scalpel held at an angle will be used to
scrape the skin-making sure to sample the leading edge of the infection-into the laboratory specimen container.’
For systemic infections, blood tests are generally considered the best way to get a sample, so for this study
patients who have systemic fungal infections will be sampled by through the traditional venous method."

One sample from each patient will be cultured in petri dishes and the primary pathogen will be
identified. The pathogen will then be exposed to different antimicrobial agents to see which it is resistant to
(which do not inhibit its growth), per standard AST process.? The second sample from each patient will be
treated with a 2.2% concentration saponin solution, enabling extraction of the host DNA. The fungal DNA will
be extracted from the host DNA using mechanical lysis. Finally, the DNA will be purified using AMPure XP
solid phase reversible immobilization beads, and the library prepared for ONT GridION sequencing with the
Rapid PCR Barcoding Kit. Then it will be run through the ONT GridION with the goal of flagging genes
associated with AMR." The patient will be given an antifungal treatment that the infection is not resistant to.
The amount of time it takes to confirm which antifungal agents the infection is resistant to will be measured for
both tools. The two tools will be operated by different researchers, so results from one experiment will not
affect the other.

One important thing to consider is that AMR can manifest in two main ways, and ONT and AST will be
tested on their ability to detect both of them, as either of these forms could appear in a clinical setting. Intrinsic
AMR is when fungal infections have an innate resistance to an antifungal, usually due to loss of function
resistance mutations such as premature stop codons.' Acquired AMR is when fungal infections develop
resistance after being exposed to an antifungal,'>and can be due to gain of function resistance mutations where
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the regulator that controls the efflux pumps allows them to reduce drug concentration within the cells to
ineffective levels.! Sometimes one patient will begin with a fungal infection that has intrinsic AMR to one
antifungal, but it will develop acquired AMR to another after some time. This is why we will obtain a second
set of samples from the one hundred patients seven days after the first and run both AST and ONT again, to see
how the infections have adapted.

We will measure the success of each method based on the length of time from when the sample is
collected to when AMR is identified, and based on the accuracy of each system. When considering accuracy,
we will take into account whether one system detected AMR to an agent that the other did not. If there is a
discrepancy like this in the data, we will test the sample for which the discrepancy occurred again using both
tools until the results do match up, and we can confirm whether or not the infection was resistant to the agent at
that time. In some cases, although neither tool is wrong, one of the two may have enhanced predictive
capabilities (for example if one of the tools is able to predict that the Day 1 infection will develop resistance to
another antifungal and the sample from Day 8 validates that). This could allow clinicians to prescribe antifungal
treatments that will be more effective in the long run, leading to a survival rate better than the standard (which
is currently extremely low for patients undergoing chemotherapy, as shown by previous studies).

Summary and significance

This study will compare AST and ONT in their ability to detect AMR in the clinical fungal infections of
patients undergoing myelosuppressive chemotherapy. We will look at both speed and accuracy, as both are vital
in a clinical setting. Our most straightforward data to interpret will be the data outlining the time it took each
tool to detect AMR in each sample. We will also compare technologies on their ability to detect AMR across all
the samples and calculate an average deduction in efficiency. Accuracy is more difficult to measure, but we will
look at the percentage of the time each technology was able to detect the AMR present in the sample. The
technologies will also be compared on their predictive capabilities. One limitation of this study may be the fact
that it focuses on patients undergoing chemotherapy-as this may affect the way the infection adapts.
Additionally, the amount of patients in the study who end up having infections with AMR may or may not be
significant, so there may not be a large enough sample size to holistically compare these two methods.
However, this study could potentially demonstrate the potential of ONT to replace AST in a clinical setting.
This replacement could have significant clinical implications, including increasingly effective antifungal
treatments prescribed in a more timely manner. This would result in improved patient outcomes and a lower
mortality rate associated with fungal infections in high risk populations.
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