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Background
• Disruptive events (such as COVID-19) affect 

human mobility and communication, changing 
physical and virtual community structures. 

• To assess these changes, community detection 
within spatiotemporal networks must be 
performed, detecting changes within 
communities over space and time.

Community structures are visualized as a network 
with nodes and edges. Nodes represent counties 

and edges represent weighted, directional 
connections between nodes. Weights are assigned 

according to the strength of physical/virtual 
connections. Different colors represent distinct 

communities (Kuikka, 2021). 

Research Question
How do disruptive events, such as COVID-19, change 
physical and virtual community structures?

Objectives
• Develop a methodology to track physical and 

virtual communities over time AND assess 
structural changes during disruptive events.

• Conduct a case study on COVID-19
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Data
We capture flow data from two sources to form 
both physical and virtual flow datasets. Both 
sources aggregate data at a county level and have 
discrete snapshots of data during individual periods.

Virtual: Facebook Social 
Connectedness Index, 
calculated using friend 
counts across counties 

(Bailey et al. 2018)

Physical: Safegraph 
data, created using 

anonymized cellphone 
location tracking.

 (Kang et al., 2020)
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Network Pre-Period Post-Period Adj. Rand Jaccard NMI
SafeGraph 2019/3 – 2020/3 2020/4 – 2021/4 0.82 0.70 0.93

Facebook 2015 2021 0.67 0.52 0.83
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Various similarity metrics indicating community similarity 
pre- and post-covid. Higher values indicate greater similarity.

Primary Results
• Online connections were intensified              

(decrease in modularity and number of regions)
• Long-distance physical travel decreased       

(increase in modularity and number of regions) 
• Virtual communities changed more drastically 

than physical communities                                                  
(smaller community similarity metric values)

• We detected many interesting regional community 
events, such as growth, merge, and split events.

Primary Conclusion
Physical interactions became shorter, resulting in 
more localized geographic communities and greater 
modularity. Virtual interactions became longer, 
resulting in larger communities with less modularity. 
Impact
• Novel methodology quantitively assesses 

community evolution, applicable on wide spatial 
and temporal scales. 

• Developed understanding of how disruptive 
events affect communities.

Limitations
• We have not proven that the trends found are 

specific to the COVID-19 pandemic, as opposed 
to being a symptom of global virtualization. 

Future Work
• Enhancing techniques for visualizing community 

evolution, e.g. improving Sankey diagrams. 
• Further case studies on different spatial and 

temporal scales. We are currently working on 
studying community evolution during the Civil War 
using family tree data.

Preliminary results from a 
Civil War case study
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Background Information

Climate change increases the frequency and severity of extreme 
weather events, such as droughts and floods, leading to higher 
nitrate concentrations in water

An estimated 12-14% of the US population relies on unregulated 
private wells, primarily in rural areas, putting these populations at 
greater risk of nitrate contamination

                                

                                                (Source: Johnson TD, etc. 2018)

Problem

Private wells are particularly vulnerable to contamination because 
they are not covered by the federal Safe Drinking Water Act

Nitrate contamination in drinking water has been linked to serious 
health issues, including methemoglobinemia (blue baby 
syndrome) in infants and various types of cancers in adults

                                          

 
                                               (Source: Greenpeace, 2022)

Previous Research

Nationwide studies link public water contaminants to 
vulnerable populations, but data on private wells is limited

Surveys found no link between private well contamination and 
population characteristics

Objectives 

Analyze the spatial distribution of nitrate contamination and 
socio-demographic factors

Apply an advanced interpretable machine learning model to 
study these relationships

Findings

Understand population disparities in exposure to high nitrate well 
water pollution

• Communities with low college degree attainment, high 
number of population with minority status, high 
unemployment

Underscore non-linear relationships in social vulnerability analysis

Future Work

Measure the uncertainty for the SHAP values 
• Use non-parametric inference approaches to derive 

confidence intervals
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Model Evaluation

Use of SHAP values enhances the interpretability of the model, 
providing insights into the relative importance of different features, 
such as unemployment rate, educational attainment, and 
minority status

Socio-Demographic Factors

Unemployment and low educational attainment emerged as 
significant predictors of risk

• Areas with high unemployment (greater than 16%) have a 
25% higher risk of nitrate contamination

• Areas with low education levels (less than a college degree) 
have a 20% higher risk

SHAP values also highlight the importance of considering minority 
status

• Hispanic populations face a 15% higher risk of nitrate 
contamination

• Minority populations from 0 to 10% contribute to a 20% 
decrease in predicted nitrate levels, indicating less exposure 
to elevated nitrate well water

Spatial Effects

SHAP values indicate that location has the most crucial effect on 
contributing to nitrate levels prediction, with lower values towards 
the west and south areas relating to an up to 80% increase in 
nitrate concentration

Introduction Data and Methodology Discussion

Conclusion

Results

Linear 
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95% CI

EducationMinority

Unemployment

• Base Value (nitrate concentration): 
4.87 mg/L

• X-Axis: Percentage change in nitrate 
concentration based on 4.87 mg/L

• Y-Axis: Analyzed features

• X-Axis: Percentage of population with no college education / 
unemployed / minority status

• Y-Axis: SHAP value indicating the impact on nitrate levels
• Red dashed line: Linear relationship
• Solid line: Generalized Additive Model (GAM) fit
• Dashed black line: 95% confidence interval
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Data Collection 
Nitrate Test Results: 

Regression Analysis Models
Compared several regression models to analyze the 
relationship between socio-demographic 
characteristics and nitrate contamination levels 

Socio-Demographic Factors: 
Socio-demographic data were obtained from the American 
Community Survey (2014-2018). The variables included:

• Racial and ethnic minority percentage
• Percentage of individuals with less than a college 
degree
• Unemployment rate

Variables Contribution Analysis

SHapley Additive Explanations (SHAP) Values: 

Positive SHAP Value: feature 𝑖 contributes to increasing the predicted 
outcome value

Negative SHAP Value: feature 𝑖 contributes to decreasing the predicted 
outcome value

𝝓𝒊 𝒇 = $
𝑺⊆𝑵\ 𝒊

𝑺 ! 𝒏 − 𝑺 − 𝟏 !
𝒏! 𝒇 𝑺 ∪ 𝒊 − 𝒇 𝑺

marginal 
contribution 
of feature i

change of predicted value 
before and after adding the 
new feature i

𝑛 : total number of features, 
𝑁\{𝑖} : all the combinations of 
features excluding feature 𝑖, 
𝑆 : one of the subsets of 𝑁\{𝑖}, 
𝑓 𝑆  : model prediction with 
feature values in 𝑆, 
𝑓 𝑆 ∪ {𝑖}  : model prediction with 
feature values in 𝑆 and feature 
value of 𝑖. 
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Effects of Surgery on Brain Structure and Language Skills
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How does surgery exposure impact the brain structure and language 

skills of children with oral clefts?

QUESTION

1 in every 1,563 babies born in the U.S. has cleft lip and cleft palate
(Mai et al., 2019)

Reading Skills

• Isolated cleft of the lip and/or palate (iCL/P) significantly elevates risk 
of reading impairment -- dependent on type (Conrad, 2018)

Brain Structure

• Differences for oral clefts:

o Increased frontal gray matter volume -- associated with better 
reading skills

o Increased posterior occipital volume -- associated with worse 
reading skills (Conrad et al., 2021)

• Differences in interhemispheric and cerebellar white matter integrity

Speech/Language

• Quality of speech in males with cleft is associated to structural differences 
in the cerebellum (Conrad et al., 2010)

• Presence of oral cleft causes differences in speech input skills
(Southby et al., 2021)

INTRODUCTION

• Investigate the neurological impacts 

of surgery on patients with isolated 

cleft of the lip and/or palate

• Examine the role of cleft type (lip 

only, lip and palate, palate only) on 

pediatric neuropsychology

PURPOSE

1. Divided data into 3 groups based on cleft type

2. Univariate Analysis of Variance (ANOVA)

3. Group difference statistics for those with significant F-values

4. Pearson Correlations (r)

5. Z-score transformation to evaluate significant differences in correlation strengths

DATA ANALYSIS

(Ameri Surgical Instruments, 2023)

Conclusions

• Number of surgeries did not have a strong impact on language skills or 
brain structure

• There was not a strong relationship between language skills and brain 
structure in participants with iCLO and iCPO

• Significant relationships between language skills and global/regional brain 
data among iCLP participants

Limitations

• Small sample size

• Did not use Bonferroni correction

• Only one variable for surgery – might have been overshadowed by 
other surgery variables or not the most accurate predictor

DISCUSSION

• Larger sample size

• Different method for classifying the cleft type (unilateral vs 
bilateral cleft)

• Impact of sex on neurological effects

• Prevention methods

FUTURE RESEARCH
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Gene Profiling of Left Ventricles from Ts65Dn Mice in Anthracycline-Induced 
Cardiotoxicity Model 

Methods

Conclusions

Future DirectionsIntroduction

Figure 1. Methods Overview. Left ventricles were harvested from three-month-old 
male Ts65Dn mice (n=3) and immediately frozen in liquid nitrogen. The tissue was 
homogenized, and RNA extraction was performed using four different protocols to 
access the highest-quality RNA . Quality of RNA was assessed using NanoDrop and 
bioanalyzer Agilent 2100. RNA was then used for the subsequent qPCR analysis. 

RNA from the left ventricle of  Ts65Dn mice will have nucleic acid purity 
parameters (A260/A280; A260/A230) and RNA Integrity Number (RIN) greater 
than 2 and 8 respectively when extracted with TRIzol compared to the Qiagen 
RNeasy Fibrous Tissue Mini Kit. 

• People with Down syndrome have a higher risk of acute leukemia1.
• Chemotherapy regime for acute leukemia involves anthracycline-based 

treatment1.
• Trisomy 21 is a risk factor for anthracycline-induced cardiotoxicity1 .
• Cardiotoxicity leads to cardiac remodeling2 and results in systolic heart failure3.
• To better understand the molecular mechanisms involved in increased 

susceptibility to anthracyclines in Down syndrome, it is important to identify 
genes involved in the physiological mechanisms underlying anthracycline-
induced damage. 

• The Ts65Dn mouse is a model of Down syndrome that resembles the 
cardiovascular phenotype observed in this population4.

• Our study aims to investigate the gene profiling of the left ventricles in the 
Ts65Dn mouse model.

I would like to thank Michelle Buckman, Dr. Vasilyev, Dr. Vasileva, Dr. Tomasson, 
Dr. Bates, and everyone at the IPG lab for the amazing learning opportunity. Thank 
you SSTP for the experience. This work was supported with  R21HD099573

• We will complete qPCR analysis for genes listed in Table 1.
• The next step will be to investigate the expression of genes involved in left 

ventricular dysfunction in anthracycline-induced cardiotoxicity by performing 
single-cell sequencing.

• RNA extracted with TRIzol was higher in concentration compared to other 
methods.

• Qiagen RNeasy Mini Kit yielded the lowest A260/A230 ratio.
• A260/A280 ratio was not significantly changed across methods.
• RIN was lower in Qiagen RNeasy Mini Kit .

Table	1.	Candidate	Genes	for	qPCR	analysis	of	left	ventricles	in	Ts65Dn	mice
Gene Involvement in:
DYRK1a impacts the splicing of cardiac troponin in the whole heart of 

Ts65Dn mice resulting in decreased myocardial contractility5 
anthracyclines decrease beating frequency in Human iPSC 
cardiomyocytes overexpressing DYRK1A.6

RCAN1 expression was significantly reduced in the hearts of B6.129 mice in 
response to anthracycline treatment7

Sh3bgr overexpression causing abnormal sarcomere formation8

ATP5J early biomarkers of anthracycline-induced chronic cardiotoxicity in 
B6C3F1 mice9

GART diminished expression by doxorubicin10

ATP5O regulates the contractile function of the heart (SIRT3 substrate)	11

KCNE1 presence in pathologies cased by anthracycline-induced 
cardiotoxicity12

Tiam1 required for α1-adrenoceptor induced neonatal rat cardiomyocyte 
hypertrophy13

ETS2 promotes cardiomyocyte apoptosis and autophagy in heart failure14

SOD1 defense against oxidative stress15

NDUFV3 mitochondrial impairment in cardiac tissue16

Genes triplicated in Ts65Dn mice.

Figure 2. RNA quality assessment. (A) RNA concentration of samples was 
measured with a NanoDrop using TRIzol (T); TRIzol + Zymo column cleanup 
(T+Z); TRIzol + Zymo column cleanup + DNAse I (T+Z+D) and Qiagen RNeasy 
Fibrous Tissue Mini Kit (Q).(p<0.001) (B) The A260/230 ratio of RNA samples was 
measured with a NanoDrop. (p=0.018) (C) ) The A260/280 ratio of RNA was 
measured with a NanoDrop. (p=0.9) (D) The RIN was measured with a 
bioanalyzer. An RIN greater than 7 indicates quality and non-degraded RNA. 
(p=0.02) n=3 for all groups. ANOVA statistical analysis was used to determine 
significance.

Figure 4. Single – 
cell sequencing 
analysis. (A) UMAP 
of C57BL/6 murine 
cardiomyocytes 
resourced from 
UCSC cell browser.  
(B) Dyrk1a gene 
expression in murine 
heart. Each dot 
represents a single 
cell, with cells that 
are closer together 
having a more similar 
gene expression 
profile. 
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o CUS had no effect on TERT levels in any brain regions tested.

o Females trended toward higher levels of TERT in the ventral non-

proliferative zone compared to males (two-way ANOVA main effect 

of sex, F(1, 16) = 3.6, p = 0.074).

Results

o The data did not support our original hypothesis that CUS would 

increase TERT levels in the male but not female embryonic brains.

o CUS had no effects on TERT levels like restraint stress did for E14 

mouse brains.

o Differing results from the restraint stress experiment may be due to:

• Differences in stress modality (restraint vs. cage shaking, wet 

bedding, and colder temperatures) 

• Different cohorts of mice used in experiments, e.g., bedding 

differences

o Trending higher levels of TERT in the ventral non-proliferative zone in 

females may result from different hormone environments in utero 

due to placental sex differences.

Conclusions

o Telomeres are the protective caps on the end of eukaryotic chromosomes that prevent the end of the 

chromosomes from degradation. During each cell division process, the length of the telomere shortens, which 

thus limits the total number of cell divisions1. 

o Telomerase is an enzyme that counteracts the shortening of telomeres by adding repeated nucleotide 

sequences to the end of telomeres2. 

o The telomerase reverse transcriptase (TERT) is a catalytic component that reactivates the telomerase and 

modulates its activity, maintaining the stability of the chromosome3.

Many studies have shown that prenatal stress alters the development of the embryonic brain, even having an 

impact on telomere length and TERT4. For example, data from the Stevens lab shows that there is a higher level of 

TERT in male mice brains but  not in females after prenatal stress induced by a restraint stress paradigm. Our study 

asks whether a different model of stress, chronic unpredictable stress (CUS), similarly affects the TERT levels in 

embryonic mouse brains. We hypothesize that prenatal CUS will increase TERT levels in the male embryonic 

brains but have no effect on the female embryonic brains. 

Introduction

Results

1 Animal Model

The pregnant female mice were divided into two groups, with one group receiving no stress exposure and the other 

receiving chronic unpredictable stress starting at embryonic day 12 (E12). Stress exposure continued until tissue 

collection. The chronic unpredictable stress used in this experiment included cage shaking, wet bedding, and colder 

temperatures. The three treatments were randomized and applied in three 45-minute sessions each day.

Methods

2 Sample Collection & Tissue Preparation

Samples of offspring brain tissues were collected on E14. Our sample included 20 offspring, with 5 males and 5 

females from both the stress and control groups. Whole heads were fixed in paraformaldehyde, switched to 30% 

sucrose solution for cryoprotection two days later, and frozen in O.C.T. They were sectioned on a cryostat at 25um. 

3 Immunohistochemistry (IHC)

1. Block solution applied

2. 1:50 mouse anti-TERT (Santa Cruz) as primary antibody applied, incubated overnight

3. 1:500 goat anti-mouse 594nm (Alexa Fluor) as secondary antibody applied, incubated for one hour

4. Mounted in DAPI

4 Microscopy

Images were captured using Zeiss Axioskope at 20x magnification using consistent light intensity, exposure time, and gain. 

5 ImageJ Analysis

Integrated density was measured in both proliferative and non-proliferative zones of dorsal and ventral forebrain. Values 

were averaged from two locations, bilaterally, from three serial sections for each following zone: dorsal proliferative, dorsal 

non-proliferative, ventral proliferative, and ventral non-proliferative zones. Values were normalized to ventral proliferative 

zones in control samples from the same staining batch. Males and females were analyzed separately. 

Coronal section of mouse brain at E14, stained in DAPI
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o Investigate a later embryonic age, allowing a longer prenatal 

exposure to stress

o Explore additional stress models and their impacts

o Measure telomere length using qPCR after prenatal CUS stress 

exposure

o Observe effects on different brain regions such as cerebellum or brain 

stem

Future Directions
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DNA damage accumulates in direct pathway medium spiny neurons of male 16p11.2 deletion model mice
Manvitha Chinnam3, Benjamin A. Kelvington1,2, Regan Fair1,2, Junko Kasuya1,2, Jaekyoon Kim1,2, Ted Abel1,2

Introduction
• 16p11.2 microdeletion is associated with neurodevelopmental 

disorders (NDDs) including ASD and ADHD (Chung et. al, 2021).

• Both humans with NDDs and mouse models exhibit striatal 
dysfunction affecting reward processing (Fuccillo, 2016).

• In mice modeling 16p11.2 microdeletion (16p), male-specific 
reward learning deficits are linked to striatal dysfunction, which is 
consistent with the male bias of NDDs in humans (Grissom et. al, 
2017).

Research Objectives
• Investigate the molecular mechanisms in the striatum of 16p mice 

underlying male-specific reward learning deficits.

• Understanding these mechanisms will inform potential therapeutic 
interventions for NDDs.

Male-specific reward-learning deficits in 16p11.2 
deletion animals are mediated by D1+ MSNs.
Figure 1. 16p male mice exhibit reward-learning deficits mediated by D1 MSNs. Behavioral data 
comparing reward learning performance between male and female mice with the 16p11.2 deletion. 
Conditional deletion of the 16p region in D1 MSNs produces reward-learning deficits in males (A), but 
not females (B).

TRAP-sequencing of D1 MSNs reveals sex-specific 
impact of 16p11.2 deletion on DNA damage and repair.
Figure 2. DNA damage and repair, transcriptional regulation, and chromatin organization pathways are 
impacted in D1 MSNs of 16p11.2 deletion mice. Drd1a promoter was used to drive expression of EGFP-
L10a ribosomal fusion transgene in the bacTRAP transgenic mouse model (A). Pathway analysis of 
differential gene expression in the translatome of male 16p compared to male wild-type (WT) animals in 
naive conditions (B).  Pathways of differential gene expression between female 16p and female WT 
animals in naive conditions (C).  Mice were provided with 50% Ensure (0.2mL/g BW) for 7 days (D). 
Pathway analysis of differential gene expression in male WT animals between reward and naive 
conditions (E). Differential gene expression pathway analysis comparing female 16p animals between 
reward and naive conditions (F).

DNA damage is exacerbated in the D1+ MSNs of 16p 
males.
Figure 3. DNA damage in D1+ MSNs of male 16p11.2 deletion mice is increased. 
Immunofluorescent staining showing yH2AX (red), EGFP-L10a (green), and DAPI (blue) (A). 
yH2AX is a marker for DNA damage. EGFP-L10a marks D1+ MSNs. DAPI is a nuclear stain. DNA 
damage is significantly increased in D1+ MSNs of male 16p mice (B). There is no change in the 
amount of DNA damage in cells that are not D1+ MSNs (C). Data was analyzed using a Two-
Way ANOVA. ”#” indicates a significant interaction between sex and genotype (p < 0.05). 

Conclusions
• 16p male mice exhibit reward-learning deficits mediated by D1+ 

MSNs.

• DNA damage and repair pathways are dysregulated in the 
translatome of D1+ MSNs in 16p mice.

• D1+ MSNs of male 16p mice exhibit increased DNA damage likely 
due to disruption of DNA repair capacity.
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Methods
• Operant reward-learning was conducted, where mice were placed 

in operant chambers and trained to nose poke for a sweetened 
liquid reward, and the number of trials perform in 30 minutes was 
used as an assessment of reward learning.

• Translating ribosome affinity purification with sequencing (TRAP-
seq) was used to isolate and analyze ribosome-bound mRNA 
from D1 expressing medium spiny neurons (D1+ MSNs) in 
bacTRAP transgenic mice, allowing for the precise assessment 
of the impact of 16p11.2 deletion on the translatome of D1 
MSNs.

• Immunohistochemistry (IHC) was used to analyze markers of 
DNA damage and repair specifically in D1+ MSNs. yH2AX was 
used as a marker of DNA damage, and 53BP1 was used as a 
marker of DNA repair via the non-homologous end joining 
mechanism. Colocalization between these markers, labeled with 
red fluorescence, and D1+ MSNs, marked with green, was 
quantified using confocal microscopy and ImageJ software.

WT 16p
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Future Directions
• Track the progression of reward-learning deficits over time and across 

different developmental stages in 16p mice.

• Compare the mechanisms observed in 16p with other genetic models 
of NDDs to identify common pathways.

• Determine the causal impact of DNA damage on sex-specific reward 
learning deficits in 16p mice.

1Department of Neuroscience and Pharmacology, Carver College of Medicine, University of Iowa
2Iowa Neuroscience Institute, University of Iowa

3Secondary Student Training Program, Belin-Blank Center, University of Iowa

16p male D1+ MSNs are deficient in DNA repair.
Figure 4: Reduced 53BP1 expression indicates DNA repair deficiency in 16p Male D1+ MSNs. 
Representative images of 53BP1 and EGFP-L10a (D1+ MSNs) expression in WT and 16p mice are 
shown with nuclei counterstained by DAPI (A). Quantification of 53BP1 puncta per D1+ MSN in the 
nucleus accumbens, normalized to male WT, is presented for both male and female mice (B). A 
comparison of 53BP1 puncta per D1+ MSN in males only shows a trend toward a reduction in 53BP1 
puncta in 16p males (Student’s t-test, p = 0.0777) (C).
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Introduction

Methods: Dataset and Preprocessing
• Bike EXTEND data was used (see below) 
• Adherence to each session was measured using a heart rate monitor, 

turned into percentage completed, and binned to Low/Mid/High
• Age + Sex were regressed out of all features to reduce correlations

[1] Xu et al. Int. j. of environmental and public health. 2023, 20(2), 1088.
[2] Gujral et al. Psychosomatic medicine. 2018, 80(1), 69-77.
[3] Best et al. J. of gerontology, Biomed. and med. sciences 2017, 72(6), 804-810.
[4] Morris et al. Medicine and science in sports and exercise. 2022, 54(9), 1483-1492.
[5] Vinke et al. Neurobiology of aging. 2018, 71, 32-40. 
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• K-fold cross validation (cv=10) was performed to 
determine the performance of ElasticNet

• Achieved 59.09% accuracy and 28.44% Cohen’s Kappa 
score (which accounts for imbalances in 
classifications), cumulative confusion matrix on left

• Other tests were run where low subjects were dropped 
and models were weighted 5x for the Low class with no 
significant change

• β coefficients were extracted from ElasticNet and ranked by absolute magnitude
• Tested with both Curvature and No Curvature as Curvature might contain noise

Results: ElasticNet Evaluation

Results: Model-PCA Feature Importance

Bike EXTEND: NIH ID NCT03114150               Correspondence: ayushgargemail@gmail.com
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Sex residuals.

***6 subjects did not have Diffusivity data. For 
other modalities, PCA was performed on all 116 
subjects, then the 6 extra subjects were dropped 
for model training

Modalities Used
Functional MRI (fMRI) 

Results: PCA-Modality Feature Importance

Conclusions
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• Physical exercise can mitigate natural 
age-related cognitive decline [1] and 
recent studies show brain biomarkers 
(structural/functional) are associated 
with adherence to exercise [2, 3]

• Previous research has only included 
group-based interventions and didn’t 
include brain connectivity measures [4]

• Based on their relationship between 
aging [5], we hypothesize that brain 
biomarkers vulnerable to aging 
predict adherence to exercise

Bike EXTEND Study Design
• Important regions for prediction correlated with age-related 

structural decline [5] – future research needs to investigate the 
specific effects between age, biomarkers, and adherence (is higher or 
lower thickness related to adherence?)

• Convergence between Area and rsFC (DMN and SMN networks), 
Diffusivity and Thickness (Corpus Collosum and Caudal Cingulate) 
suggest highly important regions for adherence

• Results corroborate and expand on existing research [2, 3, 4] while 
using only a data driven approach

• Future directions include testing statistical significance of results, 
using non-linear models to find nuanced relationships

Reduced Data (n_feat=75)
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Used to combat multicollinearity

Feature 
Extraction
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Dimension 
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rsFC: Darker (negative) and lighter (positive) pixels both indicate higher importance. Regions of 
interest are sorted by network, and networks are labeled for each ROI on the axes of the graph.
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Results: PCA Component Selection

Methods: Training and Feature Extraction
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Introduction

Methods

Results
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Fig. 2 Schematics of HPBF process

Conclusion

Nylon and paper bonding

o Polymer bonded explosive (PBX) composites: are a group of composite materials composed of 
explosive crystals held together by a polymer binder (Xiao et. al, 2024)

o Polymer bonded sugar (PBS) composites: are used in this study to emulate PBX materials 
without the hazardous chemical properties associated with these composites

o Pressure-assisted binder jetting additive 

manufacturing (PBJAM) System

• Uses layer-by-layer powder deposition in 
combination with a binder-jetting nozzle to build 
up layers of composite material (Kirby et. al, 
2023)

• This system will be used to create precise PBS 
samples of varying sugar-to-binder ratios and 
tailored void-generating additives

o Split Hopkinson pressure bar (SHPB)

• This testing configuration is used to test the mechanical properties of materials at high-impact 
stresses

• In the study, the SHPB will be useful in comparing these properties between different PBS 
compositions and void patterns in a manner similar to that undergone during detonation

Striker Bar Air TankIncident BarTransmitted BarShock Absorber Specimen Chamber Barrel

(Kirby et. al, 2023)

PBS PBX

(Xiao et. al, 2024)

o Creating samples

• Specimens were formulated using the PBJAM system to selectively add hydrogen peroxide: a 
chemical that generates voids within the PBS composite when heated

• The binder used for the final demonstration was hydroxyl-terminated polybutadiene, or HTPB
• Samples were composed of 60% sugar, 40% binder, and varying amounts of additive
• They were then cured in a furnace at 100 degrees Celsius for 24 hours

Press on the PBJAM 
compressing a layer of 
composite

Nozzle on the PBJAM 
depositing hydrogen 
peroxide into the 
composite

Sample composed 
of 60% sugar, 40% 
binder, and 0% 
hydrogen peroxide

Second sample 
composed of 60% 
sugar, 40% binder, 
and 0% hydrogen 
peroxide

o Goal of research:
• This study aims to develop a system of generating voids within energetic materials through 

smart additive manufacturing
• Determine whether the pattern of these voids affects the dynamic properties of the composite 

when high-impact stress is induced
• We hope to utilize these results to improve the performance of energetic materials, including 

explosives and other protective composites such as that on an airplane wing

o Testing the split Hopkinson pressure bar

• Determining velocity vs. pressure relationship
• To find this correlation, we created a system utilizing two IR LED and phototransistor setups in 

combination with a microcontroller

Speed sensor setup 
using Teensy 4.1

o High-speed camera

• To identify a deformation field of the samples, a high-speed camera is used, capturing 150,000 fps
• By using the fps of the camera we can also verify the speed calculated by our speed sensor 

system, as shown in the graph below (right)

Camera setup viewing the 
specimen chamber

References

Able to generate voids within the PBS composite using the binder-jetting 3D printer. We can see from 
the strain rate of the samples that having voids in the sample increased dynamic sensitivity. To this end 
we also successfully created a testing rig for finding speed and the optimal camera setup on the SHPB, 
verifying our sensor speed with that from the camera.
o Future Directions:

• Create samples with varying void patterns and test them using the SHPB or an alternate 
experimental setup

Kirby, L., Lawrence, A., Udaykumar, H., Sippel, T., & Song, X. (2023). Pressure-assisted binder jet additive manufacturing of 
solid propellants. Additive Manufacturing, 77, 103808. https://doi.org/10.1016/j.addma.2023.103808

Xiao, Y., Fu, Q., Yu, W., Fan, C., Zou, Y., & Sun, Y. (2024). Experimental and numerical investigation of dynamic damage 
and load transfer of PBX substitute material under low velocity impact. Polymers, 16(9), 1235. 
https://doi.org/10.3390/polym16091235

o Sample 2 (60% sugar, 40% binder, no voids) hit at 0.138 MPa in the SHPB, strain rate = 60.9756 s-1

time = 0.0000 sec time = 0.0017 sec time = 0.0033 sec time = 0.0050 sec time = 0.0067 sec
o Sample 3 (60% sugar, 40% binder, no voids) hit at 0.345 MPa in the SHPB

time = 0.0000 sec time = 0.0033 sec time = 0.0067 sec time = 0.0100 sec time = 0.0133 sec

o Sample 1 (80% sugar, 20% binder, no voids, cut to size) hit at 0.138 MPa in the SHPB

time = 0.0000 sec time = 0.0025 sec time = 0.0050 sec time = 0.0075 sec time = 0.0100 sec

o Sample 4 (60% sugar, 40% binder, voids present, cut to size) hit at 0.207 MPa in the SHPB, 

strain rate  = 83.6172 s-1

time = 0.0000 sec time = 0.0022 sec time = 0.0044 sec time = 0.0066 sec time = 0.0088 sec

Code utilizing sensors to calculate striker bar speed

o Acknowledgment:

• We thank the support from National Science Foundation (Grant No. 2236905) and Air Force Office of 
Scientific Research (Grant No. FA9550-24-1-0147)

Samples without voids present (microscope) Samples with voids present (microscope)



Introduction
Ø Severe challenging behaviors (CB; e.g., self-injurious behavior (SIB), aggression, 

destruction, and severe generalized refusal) are observed in 10 to 20% of children 
in the U.S.1,2 Children with intellectual and developmental disabilities (IDDs) are 
even more likely to engage in challenging behavior.3,4

Ø Treatments based on the principles of applied behavior analysis (ABA), such 
as functional communication training (FCT), are highly effective at reducing CB and 
increasing adaptive behaviors in children with IDDs and autism.5

Ø However, context changes (e.g. change in the treatment setting or 
implementer) encountered during treatment commonly produce recurrence of 
previously reduced CB.6,7 This phenomenon is called renewal.

Ø In basic laboratory research, ABA renewal (relapse following a familiar context 
change) is considerably stronger than ABC renewal (relapse following a novel 
context change).8

Ø Previous applied research has not evaluated ABA and ABC renewal data separately.

The purpose of this study was to retrospectively examine instances of renewal in an 
intensive outpatient clinic and determine if there are differences in prevalence and 
persistence of behavioral relapse following a novel (i.e., ABC renewal) or familiar (i.e., 
ABA renewal) context change.

Methods
Participants and Setting
The study sample included 98 individuals (74 male, 24 female) who exhibited CB 
and received 30-45 hours of behavioral therapy in an intensive outpatient clinic 
within an academic medical center. Ages ranged from 2 to 27 years (M = 8.3, SD = 
4.6). The study sample was 83% White, 8% Black, 3% Asian, and 6% multiple races. 
Fifty-two percent of patients had IDD, and 61% had autism spectrum disorder.

Data Analysis
Data were collected on rates of CB in 5 min treatment sessions for all patients. 
Setting and therapist changes were coded as ABA or ABC renewal opportunities 
based on whether the context change was a familiar (e.g., home, school, parent, 
teacher) or novel (e.g., new therapy room, new clinician) context. Renewal was 
determined using Muething et al. (2020) criteria and the point of renewal (i.e., 1st, 
2nd or 3rd post-change session) was recorded. Persistence of renewal effects for 
each instance of renewal was calculated as the number of consecutive post-change 
sessions where the rate of CB was above pre-change sessions. Comparison of the 
persistence of renewal effects between ABA and ABC incidents was done using an 
independent samples t-test. To compare  the prevalence of ABA and ABC 
renewal, chi squared tests, with a Yate's Continuity Correction, were utilized. All 
analyses were performed in R version 4.3.3.

Results Discussion
Ø Across our sample, 1 in 4 context changes resulted in relapse; renewal is 

relatively common.  Even with high fidelity, clinicians should be prepared 
for relapse when context changes occur.

Ø Persistence of renewal effects was transient (just over 2 sessions in 
duration, on average), but there were instances of renewal that lasted as 
long as 20 sessions.

Ø Nearly half of all instances of renewal did not occur until the second or 
third session. Clinicians should be prepared for relapse, even without an 
initial onset.

o In our sample, delayed renewal was higher within ABA context 
changes, but this may not generalize across other clinics.

Ø Prevalence and persistence of renewal did not differ between ABA and ABC 
renewal types. Contrary to findings in basic research, ABA context changes 
did not bring on increased prevalence of relapse in this applied study.

o Thus, in practice, clinicians should feel comfortable returning 
patients to familiar contexts (e.g., parents, home) early in 
treatment so long as procedures are conducted with high fidelity.
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Table 1. Prevalence of Renewal by Subgroups

Prevalence of ABA Renewal
(# of Subgroup Context Changes)

Prevalence of ABC Renewal
(# of Subgroup Context Changes)

All Context Changes 26.1% (333) 23.7% (207)

Person Context Changes Only 26.3% (251) 23.8% (172)

Setting Context Changes Only 25.6% (82) 22.9% (35)

Figure 1. Persistence of Renewal

Figure 2. Point of Occurrence of Renewal
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A total of 540 context changes were observed, and renewal occurred in 136 (25.2%) of those changes.

There was not a statistically significant difference between ABA and ABC renewal sequences across 
settings, X2 ( 1, N = 117; p = .93) or therapists X2 ( 1, N = 423; p = .74).

Persistence for ABA renewal (M = 2.87, SD = 2.67) was not statistically different than persistence for ABC 
renewal (M = 3.39 SD = 3.74), t(134) = 0.927, p = .3.

A greater proportion of ABA renewal occurred after the first post-change session than was observed for 
ABC renewal.
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Exploring the Association between Anterior Left Temporal Lesions and 
Psychiatric Symptoms

Introduction
Temporal lobe epilepsy (TLE) is the most common focal seizure disorder 
and affects 50 million individuals globally.

• 30% of  TLE are intractable, for which anterior temporal lobectomies (ATL) 
are the most common treatment.

• Studies show mixed results on ATL’s impacts on Psychosis Spectrum 
Symptoms (PSS) and dysphoric disorders, with some patients improving and 
others worsening or experiencing de novo developments post-operation.

• Glosser et al. (2000) found that 31% of the patients experienced an 
exacerbation or new onset of a psychiatric diagnosis after surgery, and 
specifically, 83% of these patients developed a mood disorder with features 
exhibiting depression, anxiety, and irritability.

Further research has sought to understand the biological basis of these 
psychiatric outcomes.

• Lopez et al. (2023) performed multivariate lesion-symptom mapping to 
understand the biological basis of PSS and found significant associations 
between the left anterotemporal cortex and right frontal pole lesions.

• Wong et al. (2019) found that significant cortical thinning, a common 
epilepsy structural abnormality, is strongly associated with positive 
symptom severity in the left inferior and middle temporal gyrus. This 
highlights the link between PSS and structural brain abnormalities in the 
anterior temporal lobe.

Aim 1: Determine if there are significantly higher number of psychiatric 
symptoms for individuals after surgical resection when compared to normative 
data.
Aim 2: Examine the relationship between Minnesota Multiphasic Personality 
Inventory (MMPI) scales and anterior temporal lobe lesions.

• 46 individuals who had undergone right or left temporal lobectomies were 
identified from the Iowa Neurological Patient Registry, and their MMPI-2 
data was collected and analyzed.

• Focused on running and analyzing all MMPI-2 scales for preliminary testing.
• Multivariate lesion-symptom mapping was performed using LESYMAP 

(Pustina et al., 2018) and Sparse Canonical Correlation Analyses to identify 
associations between anterior left temporal lesions, personality 
functioning, and PSS as defined by the MMPI-2 scales.

I would like to express my gratitude for Brianna McNichol, Dr. Tranel, and the Tranel 
Lab for their guidance and support on this project. I would also like to thank the 
University of Iowa and SSTP for this enriching opportunity.
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Demographics Iowa Registry
(n=46)

Gender Women | Men 28 | 18

Years of Education Mean | SD 13.8 | 2.19

Age at Lesion Onset Mean | SD 37.2 | 11.8

Race White | Unknown 45 | 1

Diagnosis LTL | LIL | RTL | RFL 32 | 1 | 11 | 2

Handedness L | R | M 5 | 33 | 8

Alexandra Ally Hatakeyama1, 2, Brianna McNichol2, Joel Bruss3, Daniel Tranel, PhD2, 5 & Aaron Boes, MD, PhD2, 3, 4

Figure 1. A meta-analysis derived brain network overlap
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Figure 2. Brain locations associated with MMPI-2 Dep, Depression Scale2

1

We found significant results for the following scales:
• RC1/Hs (Hypochondriasis) scale: r = .37, p < .01 with higher scores associated with 

the far inferior insula and temporal operculum.
• RC4 (Psychopathic deviate) scale: r = .33, p < .04 with higher scores associated with 

the right basolateral amygdala.
• RC9 (Hypomania) scale: r = .33, p < .03 with higher scores associated with the left 

parahippocampal gyrus.
• Dep (Depression) scale: r = .35, p < .02 with higher scores associated with the 

superior temporal gyrus on the left side.
• Do (Dominance) scale: r = .41, p < .01 with higher scores associated with the medial 

wall and parahippocampal gyrus.
• Pk (PTSD) scale: r = .40, p < .001 with higher scores associated with the superior 

temporal gyrus on the right side.

One-tailed direction due to the nature of MMPI scales and scoring.

Figure 4. Brain locations associated with MMPI-2 RC9, Hypomania Scale

-1 1

4

-1 1

Based on our preliminary findings from LESYMAP, our data shows significant results of 
elevated scores on several MMPI scales, including (RC4, RC9, DEP, DO, PK), and 
a strong negative correlation for (AAS).These findings may suggest future areas of 
interest and psychopathology targets or measures necessary to investigate further in 
patients after temporal lobe resections. With psychopathology and personality 
functioning after operations yielding mixed results in past literature, it is important 
to pursue further efforts to ensure validity. Future research to completely capture 
pre- and post-op information, differing from our study's focus on chronic patients, 
regarding personality, psychopathology, and MMPI-2 scores would be of great interest 
for researchers and healthcare professionals, adding to the literature to further 
investigate the typical post-operative symptoms and severity for patients with TLE and 
resections. Additionally, designing longitudinal studies and working with patient families 
to understand pre- and post-operation differences may be beneficial.
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Figure 3. Brain locations associated with MMPI-2 RC4, Psychopathic Deviate Scale3
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Establishment of the First Paired Normal and Tumor 
Endometrial Cell Lines Using Conditional Reprogramming

William Cheung Ho1; Tianyue Li2; Shujie Yang, PhD2

1Phillips Exeter Academy, NH; 2Department of Pathology, University of Iowa

Theory and Mechanism

Results

Endometrial cancer is the only cancer for which the 
survival rate has decreased over the past 40 years and 
is the fourth most diagnosed cancer among women 
(Siegel et al., 2024).

Current landscape:
❖ The currently available endometrial normal and 
tumor cell lines often do not accurately represent cells 
in vivo, resulting in disparities between in vitro and 
clinical drug testing results (Rush et al., 2022).

❖ There are no paired normal and tumor endometrial 
cell lines available at the moment, making it difficult to 
screen for drug toxicity in vitro. 

❖ Cell lines are incredibly difficult to establish using 
standard methods due to cells undergoing senescence 
and a lack of proliferation, making next-generation 
techniques a necessity. 

Research Question: 
Can the conditional reprogramming technique 
facilitate the generation of paired (normal and tumor) 
endometrial cell lines? 

Conditional Reprogramming:
Conditional Reprogramming (CR) is a next generation 
cell culturing technique that involves co-
culturing normal or tumor cells with J2 mice fibroblast 
feeder cells a ROCK inhibitor, allowing cells to achieve 
a stem-cell-like state and proliferate rapidly (Liu et al., 
2017).

Introduction
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ConclusionMethodology

Objective
Use the Conditional Reprogramming 
technique to establish paired normal and 
tumor endometrial cell lines from the same 
patient, facilitating in vitro drug 
toxicity testing.

Figure 3: Schematic of experiment

Figure 2: Function of J2 feeder cells and ROCKi 

Figure 1: Co-culture of normal/tumor cells in the presence of
the ROCKi

Underlying Mechanism: 
❖J2 cells: hTERT activation, cell cycle acceleration, 
enhanced growth, ECM components (Wu et al., 2020).

❖ROCK inhibitor: Inhibition of apoptosis and 
Rho/ROCK mediated differentiation, cell cycle 
acceleration (Wu et al., 2020).

The stem-cell-like state of cells that undergo CR 
results in a significantly faster proliferation rate, 
allowing for the establishment of cell lines.

Upon changing to standard cell culture media, the 
cells revert to their original cell type and phenotype 
(Wu et al., 2020).

Endometrial 
Cancer cells

References

Future Directions
❖Continue to grow cell lines to full confluency and 
multiple passages. 

❖Establish additional paired cell lines from patient 
samples.

❖Verify cells using immunofluorescence staining for 
endometrial epithelial markers such as claudin-11 and 
mucin-1. 

❖Use a 96-well plate to screen for drug toxicity, 
facilitating the examination of the effects that 
chemotherapies have on normal cells while 
simultaneously testing for drug effectiveness.
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Conditional reprogramming: Next Generation Cell Culture. Acta 
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This study established the first paired 
normal and tumor endometrial cell lines, 
which can serve as an essential tool for drug 
toxicity screening and the creation of 
targeted chemotherapeutics with reduced 
side effects.
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(Paudel et al., 2023)(Grace et al., 2021)

Poly[(N,N-phenylamino)disulfides]

                   Fig. 4. Synthesis of Poly-NADs

Poly[(N,N-amino)sulfide]

 Fig. 5. Synthesis of Poly-NAS

HD

General NSS Hydrazide Polymerization Scheme

Polymeric metal -- Polythiazyl (SN)x

• Conjugated alternating S-N bond
• Great electrical properties & conductivity
• Propose a new structure motif for polymer chemistry

Synthesis of S-N containing polymers
• Polymers with NSSN backbones has excellent power 

density, e.g. poly[bis(phenylamino)disulfide]
• S-N bond containing polymer also found to be 

biodegradable, e.g. polydiaminosulfides

Introduction Results & Discussion

Molar mass of polymers

Monomer Ratio Color Molar mass 
(g/mol)

Benzo hydrazide
1:1 Yellow ---

1:1.5 Orange-red 4280

p-toluenesulfonyl 
hydrazide 1:1.5 Yellow 8214

NS Polymerization

Conclusion & Future Works
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Polymerization of Hydrazides to Yield Colorful 
Polymers with Conjugated -NS- and -NSS- Backbones

Zikun Hu1, Shanari Wickremasinghage, Graduate2, Ned Bowden, PhD2

1Shanghai World Foreign Language Academy, 2Department of Chemistry, University of Iowa
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Table 1. Benzo hydrazine and p-toluenesulfonyl hydrazine polymers’ molar mass

Methodology
 

N2 Purge
Cool to -90℃ (NSS)
Cool to -61℃ (NS)

Hydrazide 
addition Warm at r.t.

Synthesis and Isolation of Polymers

1H NMR

Spectroscopy & Characterization Techniques

UV-Vis SEC-MALS

Vacuum Filtration Rotary Evaporator Precipitation in water High Vacuum

(a)

 

Characterizations

Fig. 6. a) Basic polymerization of hydrazides derivatives b) Schematic of 
polymerization process and result c) –NSS- conjugated backbone

Liquid N2+ Acetone 
cooling bath

S2Cl2 + DMF 

N2

Fig. 10. (a-d) NSS Polymers of benzo hydrazide, p-
toluenesulfonyl hydrazide, acetyl hydrazide, 
diethylhydrazine 

Monomers Used:

General NS Hydrazide Polymerization Scheme

Fig. 12. Schematic of polymerization of diamine derivatives to yield 
-NS- conjugated backbone polymers

Characterizations

• Polymers with conjugated –NS– and –NSS– backbones were produced, and their 
synthesis was confirmed using 1H NMR and GPC.

• The colors of these polymers arise from their conjugated backbone that has an 
energy band gap in the visible light range, confirmed using UV-vis.

• Different ratio & reaction time affected polymer characteristics and molar mass.
• A hypothesis for formation of 8-membered ring during polymerization is proposed.

Thanks Prof. Bowden and Shanari Wickremasinghage for mentoring and supporting me on 
this project. Thanks to all members in Bowden’s Group for extra help.

Arjun Paudel, Campbell, E. J., Van, W. Z., Otting, G. W., Shepherd, J. J., & Bowden, N. B. (2023). Polymerization of Primary Amines with Sulfur Monochloride to Yield Red Polymers with a Conjugated SN 
Backbone. Macromolecules, 56(10), 3721–3730. https://doi.org/10.1021/acs.macromol.2c02507

Goehring, M., & Voigt, D. (1953). Über die Schwefelnitride (SN)2 und (SN)x. Naturwissenschaften, 40(18), 482–482. https://doi.org/10.1007/bf0062899

Grace, J. P., Flitz, E. S., Dae Sun Hwang, & Bowden, N. B. (2021). Polymerization of Aniline Derivatives to Yield Poly[N,N-(phenylamino)disulfides] as Polymeric Auxochromes. Macromolecules, 54(22), 
10405–10414. https://doi.org/10.1021/acs.macromol.1c01548

Jadoun, S., Riaz, U., & Budhiraja, V. (2020). Biodegradable conducting polymeric materials for biomedical applications: a review. MEDICAL DEVICES & SENSORS. https://doi.org/10.1002/mds3.10141

Su, Y., Niu, Y., Xiao, Y.-Z., Xiao, M., Liang, Z., & Gong, K. (2004). Novel conducting polymer poly[bis(phenylamino)disulfide]: Synthesis, characterization, and properties. Journal of Polymer Science Part 
A, 42(10), 2329–2339. https://doi.org/10.1002/pola.2007

Yoo, J., D’Mello, S. R., Graf, T. A., Salem, A. K., & Bowden, N. B. (2012). Synthesis of the First Poly(diaminosulfide)s and an Investigation of Their Applications as Drug Delivery Vehicles. 
Macromolecules, 45(2), 688–697. https://doi.org/10.1021/ma2023167

Research Question
What is the result of reacting hydrazides with sulfur monochloride and sulfur dichloride?

NSS Polymerization

(Goehring et al., 1953)

Colorful polymers such as these with conjugated -NS- and -NSS- backbone are stable in organic solvents and potentially poses no toxicity to cells. 
They are ideal materials for applications including drug delivery, medicine and fertilizer as well as biocompatible devices.

• Use elemental analysis to confirm the cyclization during polymerization.
• Methods for improving electrical conductivity and biocompatibility of polymers.

• Biomaterial compatible with & degradable in the biological environment
• Have great engineering properties, e.g. chemical stability & electrical conductivity
• Application in medical materials, pharmaceuticals, diagnostics

Biodegradable and Electrically Conductive Polymers (BECPs)

Fig. 1. Polythiazyl Structure.  
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Further Hypothesis
For 2:3 ratio, the proposed schematic 
diagram of polymer is highly crosslinked.

However, the crosslinked polymer is not 
shown by the low molecular weight. 

According to new molecular weight, we 
proposed a new hypothesis of cyclization.

n

Fig. 11. a) Cyclization hypothesis b) Schematic of new 
polymerization and cyclization hypothesis

(a)

(b)

Fig. 13. 1H NMR comparison of NS and NSS polymers of p-
toluenesulfonyl hydrazide

NEt3
-61℃, DMF

NH2

HN
R

N

HN
R

S
n

S2Cl2

(c)

 Fig. 2. Poly[bis(phenylamino)disulfide] (Su et al., 2004)

Fig. 3. Polydiaminosulfides (Yoo et al., 2012)

Fig. 7. Monomers used

Fig. 8. 1H NMR for a) polymer of benzohydrazide b) polymer of p-toluenesulfonyl hydrazide. From 
the elimination of sharp peaks from monomers and occurrence of broad peaks both polymerization 
has occurred successfully 

(a)

 

(b)

 

(a) (b) (c) (d)

Fig. 9. UV-vis spectrum for 
NSS polymers

New hypothesis
Blue – NS Polymer

Red – NSS Polymer

Green – p-toluenesulfonyl hydrazide
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Similar to above, the synthesis of NS backbone 
with 2:3 ratio is suggested to have cyclization, 
but needs further prove from characterizations.

200 300 400 500 600 700 800
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

A
bs

or
ba

nc
e

Wavelength (nm)

 Diethylhydrazine (2:3, 0.03 g/mL)
 p-toluenesulfonyl hydrazide (2:3, 0.10 g/mL)
 Acetyl hydrazide (2:3, 0.04 g/mL)
 Benzo hydrazide (2:3, 0.09 g/mL)
 Benzo hydrazide (1:1, 0.04 g/mL)

Conclusions

Future Works

Fig. 14. (a-d) NS Polymers of benzo hydrazide, p-
toluenesulfonyl hydrazide, acetyl hydrazide, 
diethylhydrazine 
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● The measured water level height had a percent error of 0.1487% 
without the obstruction removal algorithm; on the other hand the 
measured water level height had a percent error of 0.1376%.

● This very small difference can be attributed to the fact that only one 
image was used as a test case rather than an entire live video feed 
(time restraint).

● Nonetheless, the algorithm was able to outperform previous models 
that did not remove obstructions from photos, demonstrating the 
effectiveness and suitability for a cheap but also accurate stream 
stage sensor; more tests will be done in the future to ensure that the 
obstruction removal algorithm is successful.

● Although the obstruction removal algorithm is able to account for 
smaller things like dust particles or rain droplets, it should also be 
adjusted to account for boats or large floating objects (such as a log).

● Instead of using a Proportional-Integral-Derivative (PID) controller a 
Convolutional Neural Network (CNN) can be used to adjust the 
camera’s movement with one single motion with each model being 
tuned to the camera’s location (POI distance and environmental 
factors).

● Add more case studies to determine effectiveness in different areas

● Water-related natural disaster have caused over 300,000 fatalities 
and over $1. Trillion USD in economic damages worldwide from 
2001 to 2018 (Lee et al., 2020)

● Reliable, real -time monitoring of water sources is essential to 
reduce property damages and casualties but is often hindered by the 
high cost of sensors and rain gauges (Sermet & Demir, 2023; 
Wagner et al., 2023)

● Federal and state agencies in the US currently use sensors costing 
$3,000 $15,000 with anural maintenance costs ranging from $1,000 
to $15,000 (Sermet & Demir, 2023)

● A Raspberry Pi-based camera system, including necessary 
components, could operate at a few hundred dollars (Sermet & 
Dermir, 2023)

● Machine learning techniques can remove obstructions from camera 
images, mahjong them more reliable (Liu et al., 2020)

● Using machine learning models like U-Nets, cameras can focus on 
water levels by identifying bodies of water (Fathi & Moradkhani, 
2022)

Table 1. Results for deep learning models on flood 
detection. SAR only input.

Table 2. Results comparing threshold to non-threshold 
predictions. Tested on region not seen by model during 

training. 

Future Research

Hydroinformatics Lab at the University of Iowa

Integrating Obstruction Removal into a Raspberry Pi-based Camera to 
Improve Stream Stage Monitoring
1Colin Hu, 2Omer Mermer, 2Yusuf Sermet, 2,3Ibrahim Demir
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Preliminary Results

Core Components

ML-powered 
Waterline 

Recognition

POI 
Geolocation 
Computation

Image-Based Visual Servoing

Admin Panel
Calibration and Offsets

Miscellaneous Settings

Camera Alignment

Real-time Monitoring

Multiprocessing Manager Flask Web Application

Figure 1. Diagram of all 
United States Geological 
Survey streamgages 
within the US (Allen et 
al., 2020)

Pitch & Yaw

Water Depth 

Obstruction Removal
Reflections

Raindrops

Dust/Small Particles

Background

By utilizing a Raspberry Pi-based camera sensor, coupled with a 
machine learning technique to remove obstructions (reflections, 
raindrops, etc.), it is possible to create a much cheaper stream stage 
sensor that will be able to cover more water bodies and support 
environmental monitoring and decision-making. The camera would 
be integrated into the Iowa Flood Information System (IFIS) where 
experts would be able to set up their own sensors by implementing 
the coordinates of their sensor and setting time intervals (e.g every 5 
minutes) for the camera to analyze the river stream stage.

Figure 2. Demonstration of the flask web application (Sermet & Demir, 
2023)
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Figure 3. Core components of the methodology were adopted from the lab’s professors (Sermet & Demir, 2023)

Figure 4. Bar graph demonstrating the measured heights between each model and the ground truth

Figure 5. Guided User 
Interface (GUI) for experts to 

input their own sensors

Figure 6. Output of the GUI 
with a full display of the 

Estimated POI’s coordinates
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Results

Measuring Graft Tunnel Diameters and Placement after ACL 
Reconstruction from Weight Bearing CT Scans

Kaylee Hwang,1,2 Tyce C. Marquez,2 Donald D. Anderson2
1College of Education, 2Department of Orthopedics & Rehabilitation, University of Iowa

• The anterior cruciate ligament (ACL)
connects the femur to the tibia and helps
to stabilize the knee joint (Figure 1). [1]

• ACL tears are common in sports that put
significant stress on the knee. [2]

• ACL injuries account for approximately 50%
of all knee injuries and often require ACL
reconstruction (ACLR) [3], which is typically
done arthroscopically.

• Around 50% of those who suffer an ACL
injury later develop post-traumatic osteoarthritis. [4]

• During ACLR, remnants of the damaged ACL are removed and replaced with a 
tissue graft (taken from another part of the patient’s body or a donor).
• This involves drilling tunnels in the femur and tibia to secure the graft. [5]

• Tunnel placement can influence outcomes, and the way in which tunnels are 
placed varies among surgeons and across cases.

• Weight-bearing CT (WBCT) captures images of a joint
while the patient is standing (Figure 2), allowing
for 3D assessment of the knee under natural weight-
bearing conditions [6] and visualization of
tunnel placement.
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• Mimics and MATLAB were effective in analyzing ACLR tunnel diameter 
and placement.

• Tunnel diameters changed over time. Notably, for patient 31 the tibia 
tunnel was enlarged by 1.5mm at 1 year compared to at 3 months.

• We observed greater variability in femur angle placements compared to 
tibia placements. 

• The femur tunnel diameters are greater than the tibia tunnel diameters.

• Tibia tunnel X-angle values clustered closely, with one outlier.
• Limitations of this study:

• The cylinder fitting process requires manual user input, which could 
introduce variability.

• The tunnel segmentation may have had an impact on the diameters, 
depending on how much was taken off the surface when smoothing it.

• Our small sample size limits our ability to draw conclusive findings.
• The non-rigid ICP function failed for one model.

• Future directions:
• Work towards automating the process to reduce manual input.
• Using a larger dataset would allow us to better analyze tunnel 

diameter changes over time and compare differences between flexed 
and extended states.

• Explore correlations between tunnel placement and diameter with 
future complications, such as osteoarthritis and re-operation rates.

Discussion

Figure 1. Diagram of an intact 
knee [Wahid et al., 2020]   

1. X-axis: Line connecting midpoints of the two 
compartments of the tibial plateau

2. Z-axis: The central axis of cylinder fit to the 
tibial shaft

3. Y-axis: Cross product of x and z axes

• WBCT scans of the knee acquired from 4 patients
• Positions: semi-flexed (~20°) and fully extended
• Time points: 3 months and 1 year

• Bone tunnels for all tibia and femur ACLR models were segmented using 
Materialise Mimics software.

• Cylinders were fit to bone tunnels using the MATLAB pcfitcylinder function.
• Each of the models for the tibia and femur were aligned to a template intact 

knee model using a non-rigid iterative closest point algorithm.
• Fitted cylinders were then transformed to match the aligned ACLR model.

• A coordinate system was established on the intact tibia and femur models 
(Figures 3 and 4).

• Tunnel orientation angles were measured from the cylinder axis to the XYZ 
axes using MATLAB.

Methods

Develop a process to analyze WBCT scan data from ACL reconstruction patients 
to measure tunnel diameter and orientation.

Objective

1. X-axis: Central axis of cylinder fit to the two femoral 
condyles

2. Y-axis: Cross product of x-axis and central axis of 
cylinder fit of femoral shaft

3. Z-axis: Cross product of x and y axes

3M
O

1Y
R

8

10

12

Tibia Diameter

Time

D
ia

m
et

er
 (

m
m

)

31

37

54

A

3M
O

1Y
R

8

10

12

Femur Diameter

Time

D
ia

m
et

er
 (

m
m

)

31

54

B

Figure 3. Tibia coordinate system Figure 4. Femur coordinate system

Figure 5. A: ACLR tunnel from tibia model. B: Cylinder fit to the tunnel. C: Fitted cylinder 
placed into the tibia model. D: Fitted cylinder placed into the femur model.  

Figure 6. A, B: Tunnel 
diameters measured with 
MATLAB for each model 
at 3 months and 1 year. 

Figure 2. Weight bearing knee pose were 
obtained using weight bearing CT scans.

Figure 7. A: Central axes of cylinder fits 
plotted in cyan on the tibia and femur 
coordinate systems

B: X-axis angles measured to the closest 
x-axis; angles to y and z axes measured 
relative to their positive directions.
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Mating Frequency Variation

Love in a Spiral: Sex 
Ratios and Their Impact 

on Mating Behavior
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 1Piedmont High School, Piedmont, CA
 2University of Iowa, Department of Biology

Why do we care?

Mean Mating Frequency

• Sex ratio is an important population-level 
trait that often varies in nature

• Skewed sex ratio can influence behavior
• Open question: how does sex ratio influence 

mating behavior when males coexist with 
both sexual and asexual females?

2M:8F (Female-biased) 
or 6M:4F (Male-biased)

Why snails?
• Potamopyrgus antipodarum
• New Zealand snail that can be sexual 

(male & females) or asexual (female)
• Populations vary widely in sex ratio
• Males do not appear to discriminate

What is the influence of sex-ratio
variation on mating behavior?

10 x 22

Figure 2. Per-snail 
mating of different 
sexes in populations
with different sex 

ratios.

Figure 3. Variation in 
mating frequency per
snail as a function of 
sex and sex ratio, 
expressed as 
mean standard 
deviation (SD). 

Main Goals

Summary & Conclusions
• Total and mean mating frequency and variation is 

higher in male-biased treatment.
• Low variation across females in female-biased 

treatment hints at benefit of diversity 
• Females mate less when males are rare
• Females could be sperm limited when asexuals 

are common
• Consistent with scenario where female-biased sex 

ratio could increase cost of sex

Experimental Design

Measure frequency and duration of 
mating in environments with different 
male-to-female ratios

Acknowledgements:
The Neiman lab for assistance in painting and sexing snails.
References:  Dybdahl, M. F., & Lively, C. M. Lively. (1995). Diverse, endemic and 
polyphyletic clones in mixed populations of a freshwater snail. Journal of Evolutionary 
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(Potamopyrgus antipodarum) Persist in Copulating with Asexual and Parasitically 
Castrated Females. BioOne.
Weir, L. K., Grant, J. W. A., & Hutchings, T.A. (2011). The influence of operational sex ratio 
on the intensity of competition for mates. The American Naturalist, 177 (2) 167-176, 

Mating Frequency Distribution

Figure 1. Per-
snail mating of 
cups across 
different sexes 
and sex ratios



• Participation in a gifted program correlated to higher total self-concept, 
which replicates some literature but contradicts others [5]

• The 2e Gifted Program group had noticeably higher scores for total self-
concept, behavioral adjustment (BA), freedom from anxiety (FfA), and 
intellectual & school status (IaSS) than 2e in a typical classroom (Fig. 
2,3)

• Gifted program criteria may favor students with higher 
behavioral and emotional moderation, or this may be a 
result of the environment

• Being labeled as "gifted" most likely boosted IaSS scores

• 2e Tag and Typical Classroom students scored similarly for Happiness & 
Satisfaction, Physical Appearance & Attributes, and Popularity

• Additional comorbidities were consistently associated with lower self-
concept (Fig. 4)

• Future research should focus on the extent and effects of comorbidities, 
and whether gifted programming helps minimize self-concept drops

• Self-concept varies greatly within gifted programs and typical 
classrooms and should not be overly generalized

Results Discussion

• All data used was collected by licensed psychologists at the Belin-
Blank Center Clinic through extensive assessments

• This research relied heavily on previous studies at the Belin-Blank 
Center, including research by Megan Foley-Nicpon and others

• A special thanks to Brandon LeBeau for mentorship and guidance 
during every step of the research process, and to Katie Schabilion

College of Education

• Twice-Exceptional (2e) youth have high cognitive ability along with 
a co-occurring disability [1]

• 2e students with ADHD have similar cognitive characteristics to 
gifted children without a diagnosis [2]

• Symptoms of ADHD appear similar to the excitabilities that gifted 
children typically exhibit [3]

• Thus, 2e students with ADHD may feel socially and academically 
comfortable in a gifted program 

• 2e Students with ADHD tend to have lower self-concepts or 
perceptions of themselves [4]

• However, there are conflicting results on whether gifted 
programming increases or decreases self-concept [5]

• Self-concept is central to wellbeing, yet many 2e students don't get 
the support and gifted services they need [1]

Research Questions

1. How does gifted program participation relate to self-concept 
among twice-exceptional students with ADHD?

2. How do comorbidities, in addition to ADHD, correlate with the self-
concepts of twice-exceptional students?

3. What variances in self-concept exist between gifted program 
students with and without an ADHD diagnosis? 

• R software was used for a descriptive statistical analysis

• Clinical sample of 210 high ability, school-aged children (avg. 10.12 years)

• All data had an IQ ≥ 115 (avg. 126.36, SD = 8.68)

• About 72% were in a gifted program

• The Piers-Harris Self-Concept Scale (PH-2) was used to test self-
concept across six domains

• Scores were reported as T-scores (mean = 50, SD = 10) and percentiles

• Data was divided into groups based on gifted program/typical classroom 
participation and diagnosis/comorbidities. Self-concept for each group 
was analyzed

Fig. 2, Violin Plots of T-scores across six 

self-concept domains. The 10th, 50th, 

and 90th quantiles are marked

Light gray shading is 1+ SD from the 

mean, dark gray is 2+ SD

BA = Behavioral Adjustment 

FfA = Freedom from Anxiety 

HaS = Happiness & Satisfaction

IaSS = Intellectual & School Status 

PAaA = Physical Appearance & 
Attributes

Pop = Popularity

Total = Total Self-Concept

Fig. 1, Pie Chart of Characteristics of the Sample

Diagnoses
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Fig. 3, Table comparing the mean self-concept 

percentiles of 2e students in Gifted Programs (Tag) 

vs. Typical Classrooms across PH-2 domains

2e Mean Percentiles

• Within gifted programs, more diagnoses resulted in 
lower self-concept across all six domains

• The decline in self-concept was more pronounced 
for typical classrooms than gifted programs

No ADHD

ADHD Only

ADHD, 1 Comorbidity

ADHD, 2+ Comorbidities

The relationship between gifted programming and self-concept for Twice-Exceptional Students

Exploring the correlation between gifted program participation and the self-concepts of 2e students with ADHD

Steffi Kim, Brandon LeBeau Ph.D.
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Introduction

Methods Fig. 4, Violin Plot of T-Scores for analyzing 

relationships with comorbidities. Tag = Gifted 

Program, Typical = Typical Classroom
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Introduction
Epilepsy & Autism Spectrum Disorders

• Epilepsy and autism spectrum disorders (ASD) are two disorders 
characterized by an ongoing predisposition to developing seizures 
and difficulties in social communication, repetitive behaviors, and 
restricted interests, respectively.1,2

• Epilepsy and ASD have been linked to one another, with high rates 
of comorbidity suggesting common causes.1,2

• Approximately 30% of epilepsy patients do not respond to currently 
available antiseizure drug therapies.3

PRICKLE
• Mutations in the PRICKLE1 gene have been associated with cases of 

epilepsy and ASD.4,5

• Mutations in prickle (pk), an ortholog of PRICKLE1 found in 
Drosophila, have been shown to cause spontaneous myoclonic 
seizures similar to those observed in human patients.4

Oxidative Stress & Innate Immune Response
• Evidence of oxidative stress and activation of the innate immune 

response (IIR) have been reported in cases of epilepsy and ASD.6,7

• Recent work by the Manak laboratory has shown that a Drosophila 
model of prickle-mediated epilepsy shows brain oxidative 
stress leading to IIR activation, which in turn causes neuronal cell 
death and seizure exacerbation.8

• N-acetylcysteine (NAC) is a strong antioxidant that has been shown 
to reduce oxidative stress and improve disease prognosis among 
epilepsy patients and mouse models.3,9,10

• In Drosophila, NAC has been shown to increase lifespan, rescue 
locomotor defects, and modulate apoptosis.11,12

Research Objectives
• We aim to investigate the effects of NAC antioxidant treatment on 

the oxidative stress, IIR, and seizure progression in prickle mutant 
flies. Additionally, we seek to ascertain whether prickle mutant flies 
experience learning deficits similar to those frequently observed in 
cases of ASD, and whether NAC treatment will rescue such learning 
deficits.
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Results

Methods
Drosophila Stocks

• The pksple mutation was outcrossed into Canton-S (CS) flies for a 
minimum of 5 generations and used for all current experiments.

NAC Feeding
• Standard cornmeal molasses medium was mixed with NAC to yield a 

final concentration of 1mM. Adult flies were transferred to fresh 
control or drug food every several days.

Spontaneous Seizure Assay
• Flies were aged to 14-16 days post-eclosion (dpe) at 25°C. 
• Flies were individually mouth pipetted into circular enclosed 

chambers and their behavior was recorded using high-resolution 
videography.

• Videos were manually analyzed for spontaneous seizure events.
Learning Assay

• Flies were aged to 7-10 days post-eclosion (dpe) at 25°C.
• Learning was assessed with a T-maze apparatus using an aversive 

Pavlovian olfactory conditioning procedure.13

Conclusions
• Preliminary data generated in our laboratory showed that NAC 

suppresses seizures to near significance in male pksple mutant flies. 
• We find with an additional trial, significance is once again not reached, 

although the data shows some decrease in seizure penetrance after 
NAC treatment.

• Learning assay data demonstrate pksple mutants have a significantly 
lower learning capability, supporting the comorbidity of ASD and 
epilepsy in our model. 

Future Directions
• Increase the number of biological replicates to increase statistical 

power and demonstrate NAC treatment suppresses seizure 
penetrance to a significant level.

• Run qRT-PCR on NAC-treated prickle mutant brains to determine 
whether NAC treatment reduces oxidative stress & IIR at the level of 
gene expression.

• Conduct learning assay on NAC-treated prickle mutants to evaluate 
whether NAC improves learning.

Figure 4: Homozygous pksple mutants 
show significantly lower learning 
ability relative to controls at 7-10 dpe.  
Analysis of performance index 
indicates significant deficits in short-
term olfactory learning ability 
among sple/sple mutants compared to 
controls. Data are shown as mean ± 
SEM; unpaired T-test. n ≥ 5 biological 
replicates, 100 flies/replicate;  
****p ≤ 0.0001

A) B)

Figure 1: Brain microarray analysis shows upregulation of both oxidative stress mitigators and innate immune response genes.  
Bars show the mean fold-change of gene expression in pksple mutants relative to controls for A) key oxidative stress mitigator 
genes and B) innate immune response genes. n =2 biological replicates with 4 technical replicates each. P-values calculated using 
the GEO2R program from the GEO database. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001

p = 0.05871
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Figure 2: NAC treatment of pksple mutant 
flies leads to a reduction in seizure 
penetrance trending towards 
significance. Previous spontaneous 
seizure assays performed with 14-16 dpe 
w1118 males treated with no NAC, 10μm, 
100μm, and 1mM. Data are shown as 
mean ± SEM; Mann-Whitney U test. 
n = 2-4 flies/treatment; ns = no 
significance

Condition

Figure 3: Treatment with 1 mM NAC 
shows slight suppression of seizures in 
pksple mutant flies. Spontaneous seizure 
assays performed with 14-16 dpe males. 
Data are shown as mean ± SEM; Mann-
Whitney U test. n ≥ 6 biological 
replicates, 8-10 flies/replicate; 
***p ≤ 0.001, ns = no significance



Introduction

Methods
Three pigeons had daily training sessions of 120 trials 
each. A simulation was also conducted to represent a 
pigeon behaving randomly.

Conclusions

How Does Reinforcement Affect the Variability of Pigeons’ Response Sequences?
Sophia Li1, Odysseus Orr2, Edward Wasserman2

1Great Neck North High School, 2Department of Psychological and Brain Sciences, The University of Iowa

For each trial, pigeons pecked a start stimulus and then 
pecked five visually distinct stimuli, with each peck removing 
the corresponding stimulus from the screen. Reinforcement 
was provided after pecking all five stimuli.

Task

ReferencesFigure 1. Experimental Setup
Created with BioRender

• Performing response sequences is a common aspect of 
human behavior.

• Studying variability in animals may provide a better 
understanding of the basic mechanisms underlying these 
complex behaviors.

• The Law of Effect holds that reinforcement increases prior 
responses' frequency, but how reinforcement affects the 
variability of prior responses is still unclear. 

• Past research involving one stimulus shows that variability 
decreases as reinforcement is continuously given.

• This study will explore how pigeons’ response variability 
changes over time when the task requires any sequence of 
five nonrepeating responses to be made.

Research Questions

How will the pigeons’ response sequences vary over training 
sessions? Will they become more stable or more variable? 

Will the pigeons’ response sequences trend toward more 
efficient routes (i.e., only responding to the nearest neighbor) 
over time? 

How will the pigeons differ from one another in their patterns 
of responding? 

Before the full task, pigeons were first introduced to the task 
by seeing each stimulus in its respective position. Each 
stimulus was presented an equal number of times (24 times 
each) per pretraining session.

• At no point in time were pigeons behaving randomly.

• Pigeons’ response variability decreased during the first 
half of training, and then increased.

• Interestingly, the initial narrowing of sequences was NOT 
due to the pigeons utilizing the most efficient sequence.

• Although pigeons preferred the most efficient sequence, 
this bias decreased over the course of training. 

• More inefficient sequences initially came at a cost, but 
this cost disappeared by the end of the training. 

• Future research should attempt to increase the cost of 
making inefficient responses.

• Increase distance between stimuli
• Increase peck requirement

• Contributes knowledge into how organisms alter behavior 
even when not explicitly told to do so

Antonitis, J. J. (1951). Response variability in the white rat during conditioning, extinction, and reconditioning. Journal 

of Experimental Psychology, 42(4). https://doi.org/10.1037/h0060407

Eckerman, D. A., & Lanson, R. N. (1969). Variability of response location for pigeons responding under continuous 

reinforcement, intermittent reinforcement, and extinction. Journal of the Experimental Analysis of Behavior, 

12(1), 73–80. https://doi.org/10.1901/jeab.1969.12-73
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Investigating the genomic binding profile of methyltransferase
in SETDB1 targets from patient-derived endometrial cancer cells
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Methodology ConclusionsIntroduction

• The incidence of endometrial cancer (EC) has increased 
by approximately 50% over the past decade (American 

Cancer Society) • EC is the most common cancer of 
the female reproductive organs

• EC is the most common gynecological 
malignancy equating to around 13,250 

deaths every year

Figure 1. the female reproductive organ.

EC commonly begins in the lining of the uterus.

• SETDB1, or SET domain 
bifurcated histone 
lysine  methyltransferase, is a 
histone methyltransferase that 

catalyzes H3K9 trimethylation 
and represses transcription

• The SETDB1 gene is located 
on chromosome 1q21.3

• SETDB1 is a key 

player in epigenetic 
mechanisms with significant 
implications on various 
cancers

Results
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1. Use chromatin immunoprecipitation (ChIP) to capture 
specific DNA-protein interactions in patient-derived cells

2. Explore differential H3K9 and H3K4 methylation on previously 
observed gene promotors in wildtype and SETDB1 knockout 

patient-derived cells
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Experiment 1: ChIP Procedure

1. Crosslinking 2. Nuclease 

Digestion and Sonication
3. Antibody Pull-down

Day 1 Day 2

4. Binding of protein G

magnetic beads
5. Reverse Crosslinking 6. Purification

Experiment 2: RNA Extraction
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Future Directions

Our data confirms that SETDB1 regulates H3K9 trimethylation 
expression levels at specific tested promotor sites of ZNF gene
• Further monitor the biochemical mechanisms of SETDB1 to 

provide insight into how resistance towards SETDB1 knockout 

may develop
• Evaluate quantitative data gained from ChIP-sequencing 

and qPCRs to analyze change in H3K9Me3 expression levels 
and potentially the loss of function of selective genes

• The application of qPCR will give us a better understanding 

of SETDB1 regulation differences with quantifiable data

1. Confirmed H3K9 trimethylation in ZNF582, ZNF266, 
and ZNF841  decreased in SETDB1 knockout patient-
derived cells

2. SETDB1 binding to ZNF582, ZNF266, and ZNF841 did not have a 

major change in wildtype and SETDB1 knockout cells as 
previously seen in the human Ishikawa cell line

Significance

Objective

Endometrial cancer is one of the few cancers with an actively 
increasing mortality rate. A rise in other diseases that are 
associated with increased risk in EC, such as obesity, emphasizes 
the need for improved therapy and earlier detection of diagnosis.

1. Collect cells on ice 2. Cell lysis buffer 4. Elude RNA with H2O

• Previous experiments have shown that SETDB1 
promotes H3K9me3 on regions such as ZNF genes and 
SAR sequences

Figure 2. EC-TCGA Kaplan Meyer survival curve for SETDB1 high and 

low expressing patients

Depletion of SETDB1 causes the upregulation of ZNF582.

Figure 3. Quantification of H3K9Me3 and 

SETDB1 expression levels in WT and SETDB1 -
/- patient-derived cells. The single-guide 

RNA refers to SETDB1 knockout cells. H3K9 
trimethylation generally decreased in 

SETDB1 knockout.

Trimethylation on the H3K9 at that promoter site is being 
regulated by SETDB1.

3. GDNA removal

and column purification

Figure 4. Bar graph detailing 

the quantification of regulation 
of ZNF582 and SETDB1 in the 

presence and absence of 
SETDB1. Overall, ZNF582 

expression increased in sg2-1 

and sg3 samples and SETDB1 
expression was greatest in WT 

SETDB1 cells.



Assessing	motor	control	advantages	in	unimanual and	bimanual	task	processing
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Introduction	& Background
Reflex Theory of Motor Control: movement is controlled by stimulus à response
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Action, Control, & Learning (ACL) Lab

Objectives
Research Questions

(1) Under what circumstances of  stimulus-response mappings do bimanual tasks incur 
reactional advantages over unimanual tasks, and vice versa? (2) What conditional 
differences in stimulus perception and/or task planning contribute to these advantages? 

Hypotheses & Alternatives

• Two movements require more activation in the motor cortex and contribute to feature-
binding interference (Hommel, 2004), leading to slower bimanual responses

• Unimanual responses require single-side inhibition (Kürten et al., 2022), which 
demands additional motor cortex activation and leads to slower unimanual responses 

• Number of  stimuli and stimulus-response mappings do not affect conditional 
advantages

Experiment	2*

Methods

Experiment 2: Two stimuliExperiment 1: One stimulus

No response (null)

Bimanual conditionsUnimanual conditions

Hypothetical Model Model Testing

Discussion/Analysis

Conclusion	&	Future	ExtensionExperiment	1	Results
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Previous finger combination

Hypothesis Testing

References
Response Error Analysis

Bimanual coordination: simultaneous use of  the two 

hands to perform actions

Bimanual interference occurs when simultaneously 

performing asymmetric movements with each hand

Previous research observed a bimanual advantage (i.e. faster two-finger responses) when 
responses are made to a combination of  two stimuli (e.g. mouse + fish = left index + right
thumb) (Schumacher et al., 2018). When the two stimuli don’t correlate with each other, 
(e.g. mouse = left index finger, crab = right thumb), there exists a unimanual advantage.

v Previous conclusions: 1. Interference between task representations contributes to dual-
task costs, so making one response is faster when the stimuli aren’t related. 2. 
Participants interpret two relational stimuli as a single task, so making a double-hand 
response is faster in the relational condition.

The present study aims to explore the underlying causes of  conditional advantages by 
varying the quantity of  stimuli.

2_2 1_1

1_2 2_1

2_nan nan_2

1_nan nan_1

*NOTE: Experiment 2 consisted of  model-based hypothesis testing with the creator of  this poster as sole participant

Key
Fingers: both fingers incorrect
Finger:  one finger incorrect
Missing:  one omitted finger
Extra: additional unexpected 
finger
Side: correct key on wrong 
side
Finger: incorrect key on 
correct side

Level 
3

Level 
2

Level 
1

Combined Outcomes

• When one stimulus is consistently
mapped to one action, we observe a
unimanual advantage; when individual
stimuli aren’t consistently mapped to one
action, we observe a bimanual advantage.

T-test Observations

• Statistically, unimanual and bimanual response times are significantly different, indicating that 
condition likely affects response time [t(26) = 5.120, p < .001, d = 0.202] 

• Effect size for response time is significant

• Accuracy is NOT significantly affected by condition [t(26) = 1.051, p = 0.303, d = 0.202]

Response 
Time

Accuracy

Response 
Time

Accuracy

Participants make responses as quickly & accurately as possible to a single stimulus 

(Experiment 1) or two adjacent stimuli (Experiment 2) presented on a screen.

Experiment 2 (Refer to Experiment 2)

• Participants significantly more likely to 
respond on wrong side than with wrong 
finger (Figure 8) à evidence of side-
stimulus association

• Bimanual responses in the hierarchy (see 
Figure 6) do not require recollection of  
side à side-stimulus association still 
applies, but side-response association no 
longer necessary à shorter RT

Experiment 1 (Refer to Experiment 1 Results)

• Bimanual responses with two distinct fingers 
result in longer RT regardless of  previous 
response (Table 1, 2nd and 3rd rows). Anatomically 
parallel responses (1_1 or 2_2) result in relatively 
shorter RTs (1st and 4th rows) due to compatibility 
of  conceptualization (Hazeltine, 2005).

• Same consecutive responses results in decreased 
RT (less cognitive processing) à navy diagonal 

†Design proposed by Dr. Eliot Hazeltine and Dr. Tim Raettig 

• Bimanual advantage arises from
inherent bias in experimental design
and, as such, can be manipulated (see
Table 3 on right)
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Abstract

Materials and Methods

Summary and Future Directions

Mice: Animal care and experimental procedures were 
performed with approval from the University of Iowa 
Institutional Animal Care and Use Committee. All tissues were 
harvested, frozen in liquid nitrogen, and kept at −80℃	until 
processed for experimentation.

Imaging and Microscopy: Tissue was fixed in frozen 
sections, sectioned using Leica CM1850 cryostat microtome 
and stained for IHC analysis. Images were observed under a 
Zeiss 700 microscope.

Protein Expression: RT-qPCR was used to assess mRNA 
expression levels in the treated vs. nontreated groups. 
Followed the standard TRIzol protocol to extract RNA from 
mice.

• A set of tools is now available for the study of Ifi30 and GILT in vitro and in 
vivo, across several different species

• Obesity alters pancreatic beta-islet GILT transcription levels
• F4/80 is more strongly expressed in HFD compared to RD
• GILT is possibly expressed in macrophages and present in pancreatic 

tissue of mice models
• Expression of GILT affects insulin secretion (although not yet quantified)
• Generating GILT-knockout mice for systemic and tissue-related metabolic 

studies
• Future studies of insulin secretion in GILT KO mice using ELISA test and/or 

Western blot; qPCR and/or Western blot for expression of GILT

Results

Hypothesis

References
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Figure 1. Macrophages are expressed in pancreatic tissue. (A-C) Immunohistochemistry staining of frozen fixed mice pancreatic tissue taken with a Zeiss 700 scope at 20x magnification. 
All images are representative samples. Macrophages marked using the F4/80 biomarker, NOVUS rabbit antibody in a 1:300 dilution. The protein GILT marked using NOVUS mouse antibody 
in a 1:300 dilution. (A) Islet from a GILT knockout mouse age 16 weeks, with primary omitted GILT as a negative control. (B-C) Different islets from a GILT knockout mouse age 16 weeks.

Figure 4. Increased insulin secretion in RD and HFD compared to GILT KO pancreas and islets. (A-C) Immunohistochemistry staining of frozen fixed mice pancreatic 
tissue taken with a Zeiss 700 scope all at 20x magnification. All images are representative samples. Insulin marked using Fitzgerald guinea pig antibody in a 1:300 dilution. 
(A) Islet from a high-fat diet wild type mouse age 16 weeks. (B) Islet from a regular diet wild type mouse age 16 weeks. (C) Islet from a GILT knockout mouse age 16 weeks. 

Figure 5. Expression of GILT in mice pancreatic tissue. (A-C) Immunohistochemistry staining of frozen fixed mice pancreatic tissue taken with a Zeiss 700 
scope at 20x magnification. All images are representative samples. The protein GILT marked using NOVUS rabbit antibody in a 1:300 dilution. (A) Islet from a 
high-fat wild type mouse age 16 weeks. (B) Islet from a regular diet wild type mouse age 16 weeks. (C) Islet from a GILT knockout mouse age 16 weeks.

Insulin, Hoechst

F4/80, GILT, Hoechst

F4/80, GILT, Hoechst

Created with BioRender.com

Figure 6. Expression of Ifi30 is suppressed in INS-1 cells by administered cytokines. (A) Relative expression of Ifi30 
following glucose administration at 0 m, 30 m, 1h, and 4h. (B) Relative expression of Ifi30 following glucose administration at 0 
m, 30 m, 1h, and 4h.

Figure 7. Islet Ifi30 expression has increasing trends after 16h glucose treatment. (A) Relative expression of TUNAR and 
Ifi30, comparing mouse islet cell lines cultured with 10d, treated with no glucose and glucose. (B) Gene expression of human 
islet, comparing the no treatment group and treatment after 16h of glucose.

Immune cell infiltration is a critical feature of chronic human diseases, 
including obesity and diabetes. In innate immunity, macrophage 
lysosomes play a key role in regulating phagocytic properties and 
inflammatory signature. Previous studies have found the inflammatory 
status of lysosomes to be linked with the onset of chronic metabolic 
diseases. An enzyme located in lysosomes, Gamma-interferon-inducible 
lysosomal thiol reductase (GILT), plays both an immunological and 
metabolic role, although its metabolic role is relatively unknown. 
Numerous studies have proven GILT to be a substantial enhancer of 
antigen processing and presentation in macrophages by direct reduction 
of antigen disulfides. Although aberrant macrophage infiltration and 
activation has been demonstrated contributes to pathogenesis of 
diabetes, the precise localization and expression of GILT alongside 
macrophages in pancreatic islets are unknown. Here we found that GILT 
is expressed in islet macrophages by immunofluorescence 
histochemistry assay. There is elevated GILT expression in pancreas/islet 
from mice with diet-induced obesity when compared to wild-type, 
regular diet mice. Furthermore, GILT gene (Ifi30) expression is increased 
upon glucose stimulation after 24 hours, demonstrating its potential 
metabolic role in insulin secretion and glucose metabolism.

A.

A.

B.

B.

A.

C. D.

B. C.

B.A.

A.

Figure 2. Insulin expression and islets in pancreatic tissue of GILT knockout mice. (A-D) Immunohistochemistry staining of frozen fixed mice pancreatic tissue taken with a Zeiss 700 scope 
at 20x magnification. All images are representative samples. Insulin marked using Fitzgerald guinea pig antibody in a 1:300 dilution. (A) Islet from a GILT knockout mouse age 16 weeks, with 
primary omitted insulin as a negative control. (B-D) Different islets from a GILT knockout mouse age 16 weeks.

Figure 3. Macrophage abundance is increased in HFD vs. RD pancreas and islets. (A-D) Immunohistochemistry staining of frozen fixed mice pancreatic tissue taken with a Zeiss 700 scope at 
20x magnification. All images are representative samples. Macrophages marked using the F4/80 biomarker, NOVUS rabbit antibody in a 1:300 dilution. The protein GILT marked using NOVUS 
mouse antibody in a 1:300 dilution. (A-B) Different islets from a high-fat wild type mouse age 16 weeks. (C-D) Different islets from a regular diet wild type mouse age 16 weeks. 

B. C. D.

A. GILT, Hoechst B. C.
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Investigating Seizure Susceptibility and Sleep-Wake Cycle in
APP/PS1 Mouse Models of Alzheimer’s Disease
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Background
• Alzheimer’s disease (AD) is a progressive disorder causing 

memory loss, cognitive decline, and amyloid beta (Aβ) plaques in 
the brain.

• Genetically modified APP/PS1 mice have mutations causing 
amyloid beta buildup similar to human Alzheimer’s.1
• The amyloid precursor protein (APP) is a membrane protein 

that, when cleaved, produces Aβ peptides, which aggregate to 
form plaques in AD.

• Presenilin-1 (PS1) is part of the γ-secretase complex; mutations 
in PS1 promote Aβ42 aggregation and plaque formation.

Research Focus
• The earliest seizure onset in APP/PS1 mice.
• Why APP/PS1 mice have a higher incidence of epileptiform-like 

discharges.
• Differences in sleep-wake cycles between APP/PS1 and wild-type

(WT) mice.

Hypothesis: APP/PS1 mutation in the mice causes changes in their
brain excitability and altered sleep-wake cycles compared to WT
mice.

• Complete current experiments to investigate potential covert 
pathology in the brains of young APP/PS1 mice.

• Explore early seizure phenotypes in other AD-related mouse 
models, such as PS19 mice, which exhibit tau protein deposition2, 
and 5X FAD mice4, which exhibit both tau and Aβ protein, for 
comparative studies.

• Administer anti-seizure drugs to APP/PS1 mice upon the first 
occurrence of seizures to observe the indirect impact on AD
histopathology in later years.

• Evaluate sleep stages in APP/PS1 mice to determine sleep 
fragmentation, using EEG cluster scoring demonstrated in Figure 
7.

Experiment #1: Genotyping

Experiment #3: Maximal Electroshock Thresholding (MEST)
*experimental animals are 3-month-old APP/PS1 mice

Experiment #4: EEG/EMG Analysis

Experiment #2: Neuroanatomy

*experimental animals are 3-month-old APP/PS1 mice

Results

B

Experiment #3: MEST Analysis

Figure 3. Generalized tonic-clonic 
seizure with hindlimb extension used 
as an endpoint in MES (A), typically 
followed by clonic seizures (B).3

A

Figure 4. Survival curves (A) and mortality rate (B) of WT and APP/PS1 mice. 
Mortality occurs during MEST.

Figure 5. Severity of MES-induced seizures. Extension-to-Flexion (E/F) ratio (A,B) and seizure duration (C,D) in WT (N=5) and APP/PS1 (N=3) mice 
were calculated from the recordings. E/F ratio (B) and seizure duration (D) between these WT (N=3/5) and APP/PS1 (N=2/3) that are non-fatal vs. 
fatal.
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Genotyping & Neuroanatomy:
• Confirmed APP/PS1 mutations and significant Aβ deposition in 

the hippocampus and cortex.

MEST showed increased epileptiform activity:
• APP/PS1 mice show more frequent SWDs and SSs compared to 

WT mice.

EEG/EMG analysis reflected sleep-wake cycle alternations:
• Increased SWDs and SSs during night-time in APP/PS1 mice.
• Indicates disrupted sleep architecture, mirroring sleep 

disturbances in AD.

Figure 7. EEG cluster scoring for 
APP/PS1 mice. The plot shows EEG 
theta/delta power over time: blue 
for Non-REM, red for REM, and 
yellow for wakefulness.

Experiment #1: Genotyping

Figure 1. Gel electrophoresis image identifying APP/PS1 mice, highlighted 
in red squares.

Figure 2. 
Immunohistochemistry of 
APP/PS1 (>1 year) (A) and WT
(B), showing significant Aβ 
plaques in the hippocampus 
and cortex (C).

Experiment #2: Neuroanatomy
A C

Figure 6. Spike-and-Wave Discharges (SWDs) in APP/PS1 (A) and a single spike epileptiform-like discharge (B). Number of SWDs in APP/PS1 
(N=137) compared to WT (N=3) (C). SWDs in APP/PS1 Relative to Zeitgeber Time (ZT) with an increase during the dark phase (ZT 12–24) (D). SWD 
distribution across times of day: Dawn (ZT 0±2h), Early Day (ZT 4±2h), Late Day (ZT 8±2h), Dusk (ZT 12±2h), Early Night (ZT 16±2h), Late Night (ZT 
20±2h) (E). SWDs during Day (ZT 0–12) and Night (ZT 12–24) (F).

A

B

Experiment #4: EEG/EMG Analysis

B

C D E F

A B C D
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Figure 1 Example tree displaying around 6000 individuals 
(shown in green) and marriages (shown in red) over 7 
generations. (Kaplanis et al., 2018)

Geocoding is the process of converting place names into geographic coordinates. However, 
geocoding historical places is challenging, especially for crowdsourced datasets. This works 
aims to address the challenges of historical geocoding:

Figure 2 Example of  a migration flow map derived from family tree 
data set. The choropleth map represents migration efficiency, flow 
lines represent the state-to-state migration flows (Koylu et al., 2022).

• Unlike census data, that only provide snapshots of 
population dynamics, tree data enables the study of 
a continuous evolution of population, movement, 
and social dynamics. However, this requires fine–
scale geographic locations.

• In this research, we enrich the tree dataset by 
geocoding birthplaces within this data set from 
1789 to 1940 on an even finer scale, down to county 
or city level. 

Temporal factor – constantly changing 
county and city names and boundaries

Crowdsourced data – misspellings, inaccurate 
locations, inconsistent formatting

Methods

• We introduce an AI-based historical geocoding workflow to address the uncertainties in 
geocoding of historical crowdsourced data. 

• Genealogical data stored in GEDCOM file format: name, birth date, birthplace, mother’s 
name, father’s name, etc.

• The closest possible census to birth date is found to match birth location within the correct 
administrative boundaries

• Hierarchical matching performed to identify first the state, then county, then city/township.

Individual Information:
Name
Birthplace
Birth year

Cleaning and Standardization:
Exclude locations outside the United 
States
Hierarchical matching process:
State         County         City

GEDCOM files
Finding closest 
census reference 
file to birthyear

unmatched 
places

matched places

Individual 
information

unmatched places

AI matching 
process

AI matched places

Manual review 

unmatched 
place sample

Manual review 

matched place 
sample

matched places

• Locations unable to be located directly within census references are attempted to be matched by 
AI

AI Validation Component
• Two main processes conducted: manual matching of unmatched places and validation and 

cleaning of large language model matches 
• Recognize recurring problems and issues from matches with and without AI assistance
• Write scripts to pull them into separate CSVs and correct them into the proper format for further 

use

Figure 4 Visualization of AI matching and validation process for 
places unable to be directly matched with censuses

Figure 3 Overall process of geocoding. Individual information is extracted from the GEDCOM files, matched to the closest census reference 
(census taken in decennial intervals), and the location is matched hierarchically, from state to county to city level. Unmatched places, 

matched places, and individual information are then stored for further use and analysis.

Conclusion and Future Directions
• We were able to identify over fifteen common issues within the AI matches and 
resolve five of them, so far. These issues were mostly due to the challenges of 
crowdsourced and unstructured data: inconsistent formatting, inaccurate and 
inconsistent place names, and other parsing problems. 

• This work will allow for previously unmatched places to be accurately geocoded 
at the finest geographic scale as possible. Without the AI validation process, 
48.09% of exact places were able to be matched. In the future, the hope is that 70 
or even 80% of locations will be accurately geocoded. 

• Fine-scale geocoded locations opens doors to tracking families through space 
and time and analyzing broader population dynamics, such as migration patterns 
and kinship networks.

• “stdbirthplace” contained the word probably: the “state” column 
would be filled out incorrectly, the city and county would be random 
places within the incorrect state, and the “exist” column would be 
“no” even if the state was within the United States. 

Examples of Common Errors in AI Matching:

• “stdbirthplace” contained a place name that identified the location 
specifically as a county (ex: included abbreviation “co” or word 
“county), the AI would also put a record in the “city” column if there 
was one present with the same name as the county

Examples of Common Errors in Code-Based Matching:

• Five locations in the table below are all located in France, but have the phrase “la”, 
which the code flagged as belonging to the state “Louisiana.” This error was then 
manually corrected.

Full List of 
References

• “stdbirthplace” input would contain the state “south dakota,” the AI would mark the 
state as just “dakota.” because of right-to-left string processing

Background

• Previous work by Koylu et al., 2021, generated, to date, 
the largest population-scale family tree, which connects 
40 million relatives to their common ancestors using 
crowdsourced genealogical data (Koylu et al., 2020).

• Tree data contains information on names, birth and death 
dates and places, and kinship ties such as parent-child 
and spouse, which can be used to measure long term 
migration patterns and social processes in United States 
at state level (Koylu et al., 2022)

Results
We manually matched over 10,000 birthplaces. We found many recurring errors made for locations from both the AI-based and the code-based matching. Some of 
the most common errors were misrecognition of abbreviations, unnecessary phrases in the input flagged as city or county names, foreign locations marked as 
locations in the U.S., and confusion over administrative boundaries. 

Python script was written that first scanned for any state 
abbreviations, then string fuzzy-matched using the partial token 
set ratio for any shortened state names, and finally checked for the 
full state name to identify the correct state. Ninety-nine rows out of 
a sample of around forty thousand AI matches were flagged as 
having this issue.



pDC8

Figure 1. Synergistic Cell Death Induction in pDC8 and Hec50

(A) Paclitaxel and ZN-c3 in pDC8. (B) Paclitaxel and Romidepsin in pDC8. (C) ZN-c3 and Romidepsin in pDC8. (D) Olaparib 
and ZN-c3 in Hec50. (E) Olaparib and Romidepsin in Hec50. (F) ZN-c3 and Romidepsin in Hec50.
In both pDC8 and Hec50, ZN-c3 and Romidepsin lowered cell viability significantly compared to ZN-c3 alone. Comparing (A) 
and (B) cell viability, 0.5nM Romidepsin and 20nM ZN-c3 had similar effects when paired with Paclitaxel. Olaparib alone had 
little effect on Hec50 cells no matter the concentration. However, in combination with ZN-c3 or Romidepsin, even a low 
concentration of Olaparib resulted in an increased effect. 

Results

Methods

Hec50

1. Li, Y., et al, (2022). Enhancing progestin therapy via HDAC inhibitors in endometrial cancer. 
American journal of cancer research, 12(11), 5029–5048.
2. Meng, X., et al, (2013). Induction of mitotic cell death by overriding G2/M checkpoint in endometrial 
cancer cells with non-functional p53. Gynecologic Oncology, 128(3), 461–469. 
https://doi.org/10.1016/j.ygyno.2012.11.004
3. Meng, X., et al, (2021). Recent advances of WEE1 inhibitors and statins in cancers with p53 
mutations. Frontiers in Medicine, 8. https://doi.org/10.3389/fmed.2021.737951
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Cell Viability Western Blotting Flow Cytometry

A. D. 

B.

F.C.

E.

Western Blotting

Brandon Ma1; Xiangbing Meng, PhD2; Shujie Yang, PhD2
1Crystal Springs Uplands School, CA; 2Department of Pathology, University of Iowa

Testing Combinations of WEE1 inhibitor ZN-c3 with Paclitaxel, Romidepsin, or 
Olaparib to Inhibit Proliferation of Endometrial Cancer Cells

• Endometrial Cancer (EC) is the fourth most common cancer in women

• Estimated 67,880 new cases and 13,250 deaths in the US in 2024

• Incidence rates have risen 1% annually

• Increasing mortality over past 4 decades

Introduction Results

ZN-c3 and Romidepsin are novel drugs. To enhance and find more 
treatment options, various combinations were tested. Our findings were:

1. The combination of ZN-c3 and Romidepsin led to G2 arrest, 
effectively induced apoptosis, and proved to be synergistic in effect in 
pDC8 and Hec50

2. TBK1 and cGAS upregulation indicated activation of innate immune 
response by all drug combinations

3. ZN-c3 toxicity not dose-dependent in concentrations above 10nM

Further studies should include lowering the concentrations used in 
combinations for flow cytometry. Ex: 5nM Romi and 50nM Zn-c3 instead 
of 20nM and 100nM respectively. This should hopefully produce a greater 
synergistic or additive effect. Conducting in vivo testing and eventual 
clinical trials are the next steps.

Conclusion and Future Directions

Thank you to Dr. Meng and Dr. Yang for welcoming me in the lab and 
their invaluable mentorship. Thank you to SSTP and the Belin-Blank 
Center for this amazing opportunity. This project was supported by NIH 
R37-CA238274(SY) and the Department of Pathology Start-Up Fund 
(SY). Images created with BioRender.com.
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• WEE1 upregulation has pro-tumorigenic functions by maintaining 
tolerable level of genomic instability

Paclitaxel: a common chemotherapy drug 

• Causes microtubules to stabilize by binding to tubulin

• Cell cycle arrest in mitosis

Romidepsin: a HDAC inhibitor approved for treatment of cutaneous T-cell 
lymphoma

Figure 2. Effect of Drug Combination on PARP Cleavage 
and Immune Response Pathway in pDC8
Specific antibodies against PARP (cell signaling), TBK1 and 
cGAS (Santa Cruz Biotech) were used. Increase from PARP to 
Cleaved PARP indicates apoptosis. TBK1 and cGAS have role 
in innate immune response and triggering interferons. 

Figure 3. Representative Flow Cytometry for Cell Cycle 
Analysis
Individual ZN-c3 and Romidepsin showed increase G2 
cells compared to the control. Combination Romidepsin 
and ZN-c3 showed slight G2 cell increase compared to 
single drugs.  

G1 12.88%
S 50.75%
G2 36.37%

ZN-c3

Romidepsin + ZN-c3

G1 37.69%
S 12.30%
G2 50.01%

G1 44.69%
S 9.24%
G2 46.07%

G1 49.43%
S 36.62%
G2 13.95%

Control

pDC8

Figure 4. Cell Cycle Analysis Across Drug Combinations
*pDC8 Romi + ZN-c3: majority of cells in G1 and S phase. For pDC8 treatment, ZN-c3 
alone and Romidepsin alone caused the greatest G2 cells.
For Hec50 treatment, ZN-c3 + Romidepsin had the highest percentage of G2 cells, 
while ZN-c3 + Taxol, and ZN-c3 + Olaparib had similar G2 cell percentages.

Romidepsin Hec50

Flow Cytometry
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Implications of  Developmental Onset Brain Lesions on Emotional Regulatory 
Abilities and Overall Function-A Comparative Study:
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Background:

• While there have been several studies on the academic, behavioral, and 
psychiatric effects of developmental onset brain lesions, (abnormal areas 
of brain tissue caused by injury, infection, or disease occurring in 
individuals whose brains are still in stages of increased development) 
there is extremely limited research and literature when it comes to the 
long-term implications of developmental onset lesions on emotional 
regulatory ability.

Objectives/Goals:

• This study aims to determine if lesion onset occurring during critical 
periods of brain development leads to worse emotional regulation when 
compared to adults whose lesions developed during adulthood. Poor 
emotional regulatory ability, which can present as persistent negative 
emotions and can be measured through neuropsychological evaluations, 
may be disproportionately high among developmental onset patients due 
to the increased vulnerability of the developing brain.

Introduction:

Methods:

Results:

Significance:

• The data show a significant relationship between lesion onset occurring 

during important periods of development and higher levels 

of depression later in life.

• All other data are approaching significance but have not yet passed the 

threshold for statistical significance (indicated by a p value of ≤.05).

Conclusions:

• From the data (p values, mean difference in scores, t scores, etc.) we 

can gather that there seems to be a strong correlation 

between sustaining a brain lesion at a young age and presenting 

with higher levels of depression as an adult when 

compared to patients who match demographically and sustained their 

lesions as adults. However, the data do not yet provide support for claims 

of significance for any of the MMPI subscales associated with emotional 

regulation.

Evaluations:
• The two neuropsychological evaluations utilized here to measure 

emotional regulation and overall function are the BDI (Beck Depression 

Inventory: Scored from 0, indicating no depression, to 63, indicating 

severe depression) and the MMPI (Minnesota Multiphasic Personality 

Inventory). The four subscales of the MMPI (EID, RCd, 

RC2, and RC7) utilized in this study are used to 

measure emotional/internalizing dysfunction, demoralization, low positive 

emotion, and dysfunctional negative emotion, respectively.

Matching/Comparison:
• Through matching and comparing developmental onset patients to adult-

onset patients by their lesions and demographics, we can minimize the 
differences between the two subject groups to critical variables such as 
age at lesion onset, ultimately removing many outside, confounding 
variables.

Factors taken into consideration:
• Sex, race, epilepsy diagnosis, lesion laterality, lesion volume, age at 

lesion onset, years of education, and handedness
• Presence or past substance abuse, history of serious mental illness 

(schizophrenia, bipolar, etc.), and/or other neurological disorders not 
associated with an individual's lesion were all considered 
exclusion criteria for this study.

• Availability of MMPI/BDI data was also taken into consideration 
when considering potential matches

(Highlights and underlines for representing factors treated with more importance when searching for 

matches due to being more significant in potentially affecting results)

Conclusion
Future Directions:

• While many of the MMPI subscales showed that they were approaching significance, the resulting data show 
that there is a strong relationship between having an early age of lesion onset and subsequently 
higher scores/increased severity of depression as measured by the BDI. A possible future project could delve 
more in depth into this result and explore the possible links between developmental brain lesions 
and increased presence and severity of depression

• If someone were to looking into this further, I would recommend working with a larger sample size. A larger 
sample size would not only allow for closer to perfect matches, but also would allow some of the outliers that 
can skew data to be rounded out by the number of other people in the study.

Limitations:

• One issue with the data which limited the study was the small sample size. Due to a lack of data for patients 
affected by developmental onset lesions, we were unable to find a large enough sample size to round out 
some of the outliers and paint a more complete picture of the effects.

• Another major limitation was time. Because of a lack of time, we were unable to match lesion location and 
specificity beyond the lesion's laterality and volume. The inconsistency in lesion location between the two 
groups is a variable which we cannot rule out for effecting the results of the study.

Implications:

• The findings of this study could better help physicians anticipate the potential long-term support that patients 
with developmental onset lesions could need, and so therefore those patients will be able to receive 
the resources and support they need.
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Figure B: Overlay of lesion onset location of both groups. Warmer colors denoting the 

developmental-onset group and cooler colors denoting the adult-onset group.

Figure A: Combined results of statistical analyses

Participant/Sample Info:

References:  Sullivan, Alyssa, et al. 2022. Academic Skills after Brain Injury: A Lifespan 
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Sullivan, Alyssa, et al. 2023. Implications of age at lesion onset for neuropsychological outcomes: A 
systematic review focusing on focal brain lesions
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Hot Dog Water and 
Cooking Snails: 

Temperature Regime 
Influences Snail Memory

What is our main goal?

•Part 1: Find a stimulus that a) influences 
snail behavior and b) the snail can learn 
to associate with ("carrot") or avoid ("stick")

•Part 2: Place snails under TS to determine 
how it impacts their ability to remember the 
presence of a stimulus

Entrainment & Assessing
Memory as a Function of Temperature

Joseph Nangle1,2,
Morgan Anderson3, & Maurine Neiman3

1Inglemoor High School, Kenmore, WA
2Cascadia Community College, Bothell, WA
3Department of Biology, University of Iowa
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Cold Temperature Seems to Facilitate 
Memory Retention

How do snails give us insight into 
climate change?`

•P. antipodarum are invasive around the world 
and growing in importance as an aquatic 
sentinel species and ecotoxicology model

•Knowing how TS impacts P. antipodarum can 
give insight into how TS effects might affect 
organisms and ecosystems on a global scale

The Significance of Memory in Snails

•Memory is critical in key behaviors like 
foraging, predator avoidance, migration, and 
territoriality (Soravia et al. 2021)

•Thermal stress (TS) can negatively impact the 
ability to retain these memory functions

Fig. 1. Memory retention as a function of 
TS. Temperature treatment significantly 
affected memory retention (Fisher's Exact 
Test (p = 0.023).

X 5
X 30 X 15 X 15

X 15 Trials

X 15

X 5

Conclusions & Future Applications

•P. antipodarum can be trained to avoid copper

•Snail avoidance of copper is facilitated by cold 
and hindered by heat

•Testing cold temperatures in relation to 
memory in other organisms could help us 
develop treatments for memory loss

•We could test TS effects on memory and 
further implications of TS for key behaviors

Turning Shielding

Climbing

Fig. 2. Snails displayed 
multiple different avoidant 
behaviors in the presence of 
copper.



Introduction

Sleeve gastrectomy and sleeve gastroplasty are weight loss 

procedures that restrict food intake by altering the stomach's 

anatomy. Sleeve gastrectomy involves removing about 80% of the 

stomach, significantly reducing its capacity (Mokadem Lab, n.d.). 

Sleeve gastroplasty, often performed endoscopically, sutures the 

stomach into a tube-like shape without removal (Mokadem Lab, n.d.). 

While both limit stomach size, sleeve gastrectomy is more invasive 

with a longer recovery and higher risks, whereas sleeve gastroplasty 

is less invasive with quicker recovery and fewer complications. 

(Mokadem Lab, n.d.).

Objectives

The objective of this study was to compare the efficacies of 

sleeve gastrectomy and gastroplasty in mitigating diet-

induced obesity (DIO) in mice. Specifically, we aimed to 

evaluate and contrast the effects of these two surgical 

interventions on weight changes, lipid profile, and feeding 

behavior over a 6-week period, using a sham-operated 

group as a control.

Methods

Diet Induced obesity (DIO) mice were divided into three intervention 

groups: Sham, Sleeve Gastrectomy, and Gastroplasty, and observed 

for 6 weeks.

Results

Figure 1. Sleeve gastrectomy vs. Sleeve gastroplasty: Sleeve 

gastrectomy (top) involves incision of the stomach whereas sleeve 

gastroplasty (bottom) makes the stomach smaller through a suturing 

device.

Conclusions & Implications
• Weight loss efficacy for sleeve gastrectomy and sleeve 

gastroplasty are comparable

• Both procedures result in a net weight loss after a period of 6 

weeks. Sleeve gastrectomy resulted in around 10% weight loss, 

and sleeve gastroplasty, 12%.

• Sleeve gastrectomy results in a higher lean-to-fat mass ratio 

post-operation as opposed to sleeve gastroplasty, which has 

little effect on body mass composition

• Sleeve gastrectomy induces weight loss via regulation of food 

intake

• Sleeve gastroplasty induces weight loss via regulation of 

energy expenditure

• Reduced POMC and NPY expression suggests that both 

surgical interventions not only physically restrict the stomach 

but also induce neurochemical changes that modulate appetite 

and energy expenditure
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Comparative Analysis of Sleeve Gastrectomy and Gastroplasty Efficacy in Diet-Induced 
Obesity Mouse Models
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1Monta Vista High School, 2Department of Internal Medicine, Division of Gastroenterology and Hepatology, University of Iowa, Iowa City, IA

Figure 2. Weight changes: Mice under all 

conditions experienced rapid weight loss during the first 

week after initiation, and then slowly regained weight over 

a period of 5 weeks. Mice treated with sleeve and 

gastroplasty experienced a regain in weight at almost 

identical rates which were significantly less than that of the 

sham or control mice.

Figure 3. 6 Weeks Post-Op Weight 

Change: Sham mice experienced minor 

weight gain, in contrast to sleeve and 

gastroplasty mice, which experienced weight 

loss. However, the magnitude of weight loss 

for sleeve and gastroplasty mice is roughly 

equal.

Figure 4. Pre-Op vs. Post-Op Body Mass Composition: Original fat and lean mass composition was roughly 

the same amongst all mice models, but after surgery the sleeve gastrectomy mice had a much higher lean-

to-fat mass ratio than the sham mice.

Figure 5. Mechanisms Causing Weight Loss: Food intake for Sham and gastroplasty mice are comparable 

whereas that for gastrectomy treated mice is considerably less. Feeding efficiency* is roughly the same 

amongst all mice, and energy expenditure is comparable between the sham and gastrectomy mice 

but significantly higher for the gastroplasty mice.

Figure 6. POMC and NPY Expression: Decreased POMC expression in 

both gastrectomy and gastroplasty mice as well as decreased NPY 

expression in gastrectomy mice. 
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Sleeve gastroplasty:
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LLMs
AI deep learning models 
that are pre-trained on 

vast amounts of data for 
language generation 

tasks

Utilizing RAG and CoT Frameworks for Augmenting LLM Capabilities in Improved 
Prediction of Patient ICD-10 Diagnosis

Rudransh Pathak1, Gabriel Vald,2 Yusuf Sermet2, Ibrahim Demir2

1William P. Clements High School, Sugar Land, TX, 2University of Iowa, Department of Hydroinformatics and Computer Engineering

Introduction
• Currently, ICD-10 Prediction using Large Language Models(LLMs) is 

a very underexplored topic in the current literature and has not 

provided high accuracy rates in prediction1,2.

• In the increasing usage of AI in the modern world today, using LLMs 

for this task can be extremely helpful for doctors and hospital 

patients alike2,3.

• Thus, we explore:

“Which LLM frameworks can be optimized to enhance 

the predictive accuracy of LLMs in medical 

diagnosis?“

Objectives

Methodology
• Utilized the HCUP Dataset: Largest publicly available pediatric 

database in the US, providing data on hospitalizations for children 

under 21. Comprises 3000000+ patient records with 1000+ 

relevant parameters to predict ICD-10 diagnoses.

 

Test Bed Flow
Employed key Python libraries of Pandas, OpenAI, and LangChain in order to create test bed to 

analyze four different LLM frameworks and methodologies using GPT-4o.

Results

Cumulative Accuracy Table

Base GPT-4o GPT-4o + CoT GPT-4o + RAG
GPT-4o+ CoT + 

RAG

8.01% 27.33% 31.80% 47.27%

5.83% 20.87% 21.84% 34.47%

90.78% 100% 93.69% 97.09%

84.67% 96.79% 96.93% 97.44%

79.68% 100% 88.26% 95.15%

Discussion
• RAG coupled with CoT showcased the greatest improvement in 

performance from the base model,  having the highest patient 

diagnosis accuracy and improving on the base model by >39%.

• CoT had impressive results in the diagnosis length and real 

accuracies, having 100% accuracy for both metrics.

• Overall, the implementation and success of the combination of 

RAG and CoT with GPT-4o shows that adding another complexity 

layer of finetuning can potentially increase accuracy further.

Limitations:

• The intense use of resources required by the RAG framework may not be 

applicable to all healthcare scenarios, especially in less economically 

privileged areas.

• Because AI fully relies on the data it is trained on, proper care must be taken 

in order to not introduce bias and not overfit the AI model.

• A wide variety of different data variables and features are required for proper 

ICD-10 diagnosis, some of which may not be available in all settings.

Future Direction
• Finetuning model to add another layer of complexity and learn 

patterns of ICD-10 DX codes better to enhance performance.

• Implement further data cleaning and processing techniques for 

detecting and correcting biases in data.

• Utilize more records within the dataset and experiment with 

different RAG retrievers for the optimal RAG setup.
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• To challenge and explore existing assumptions about the limitations 

and capabilities of AI in interpreting complex medical data; 

facilitating new research and applications in AI and healthcare 

integration, improving on previous application attempts.

• Aim to make the medical diagnostic process less complex and 

easy-to-use for doctors and patients, leading to more accurate and 

cost-effective healthcare delivery.

Utilizing RAG and CoT Frameworks for Augmenting and Improving LLM 
Capabilities in Prediction of Patient ICD-10 Diagnosis

Rudransh Pathak1, Gabriel Vald2, M.S., Yusuf Sermet2, PhD., Ibrahim Demir2, PhD.
1William P. Clements High School, Sugar Land, TX, 2University of Iowa, College of Engineering

The modern code used 
to classify and diagnose 

healthcare patients, 
used universally.

ICD-10 DX
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2023)4
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(Hazem et. al 2023)5
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Our sample is a male-dominated, predominantly white clinical sample 
of students from Midwestern families with high socioeconomic 
statuses. Because of these demographic limitations, this study 
cannot be generalized to the greater twice-exceptional and high-
ability accelerated population.

Limitations

TERMINOLOGY

• High-ability: IQ ≥ 120

• Twice-exceptional: high-ability with one or more disabilities

DATA OVERVIEW

• 376 students aged 5-18 (M=10.7, SD=2.76)

• 286 males, 86 females

• Patients at the Belin-Blank Clinic

KEY MEASURES

• IQ

• Piers-Harris Self-Concept Scale

Methods

Alicia Ran1, Brandon LeBeau Ph.D.2

Belin-Blank Center

EFFECTS OF ACADEMIC ACCELERATION ON THE SELF-CONCEPT OF 
TWICE-EXCEPTIONAL STUDENTS

Introduction

• All students need challenges in their zone of proximal 
development, but proper academic challenge often not provided 
to high-ability or twice-exceptional students by grade-level 
classes (Lubinski & Vanderbilt University, 2004)

• The heterogeneous nature of disabilities also leaves many 
disabled and twice-exceptional students feeling unsupported in 
a traditional learning environment (Dell’Anna et al., 2020)

• Support for twice-exceptional students, specifically, needs to be 
highly individualized and administered 
by qualified professionals (Dell’Anna et al., 2020).

• Furthermore, high-ability and twice-exceptional students may 
feel socially isolated because of their greater intellectual 
capabilities (Gross & Smith, 2019; Chapman, 2009)

• This lack of academic challenge and support combined with 
social isolation may cause high-ability and twice-exceptional 
students to have less positive self-concepts than the general 
population (Chapman, 2009)

• Academic acceleration helps many high-ability students increase 
their self-concept & engagement with school (Gross & Smith, 
2019)

How does academic acceleration relate to the self-concept twice-
exceptional students?

Figure 1: Distribution of total Piers-Harris assessment scores across diagnoses
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Results

While acceleration can benefit students, our study showed that 
acceleration can also have neutral or negative effects on the self-
concept of high-ability and twice-exceptional students. Some key 
factors which may have caused our results are listed below:

• Many students are not supported during and after their 
acceleration by their school and community (Dare et al., 2016)

• Students may experience additional stigma from their new and 
grade-level peers because they are accelerated

• Many teachers receiving high-ability and twice-exceptional 
accelerated students need more special education training 
(Dare et al., 2016)

The level of support required to aid disabled students is often not 
available for accelerated twice-exceptional students, explaining 
their negative experiences with acceleration.

• Additionally, twice-exceptional students may continue to exhibit 
symptoms other students perceive as different even after 
acceleration, causing the continuation of their social isolation.

• As a result, twice-exceptional students may be more impacted 
by the decrease in self-efficacy correlated with acceleration 
(Chapman, 2009).

Discussion
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                 Background                  Methodology                  Conclusions

Hemophilia A (HA):
• X-linked genetic bleeding disorder affecting 400,000 individuals 
• Caused by deficiencies in coagulation factor VIII (FVIII)

Coagulation Cascade

• FVIII is a large 
glycoprotein responsible 
for thrombin generation to form 
a fibrin clot (Shen et al., 2008)

• Left untreated, hemorrhagic 
bleeding events may lead to 
early death (Staber & Pollpeter, 
2016)

Neurocognition:
• People with HA have an 

increased prevalence of anxiety 
(16%), depression (14.5%), and 
ADHD (15.3%) compared to the 
general population (Al-Huniti et 
al., 2020)

                 Objectives

1. Examine anxiety and depression-like behavior in hemophilia mice
2. Investigate factor VIII levels in brains of wild-type (WT) mice

To determine if there is a correlation between the behavior 
phenotype and level of FVIII protein in the brain.

                 
Methodology

1. To our surprise, we detected factor VIII in the cortex and 
cerebellum of WT mice.
▪ Presence of FVIII in WT mice indicates a potential role for 

FVIII in normal brain function.
2. Hemophilia A mice demonstrated trends toward decreased 

neurocognition and motor abilities.
▪ Erasmus Ladder is heavily connected to cerebellar 

functioning: trends indicate decreased cerebellar 
functioning in hemophilia mice.

3. Tail suspension test revealed no significant differences between 
WT and HA mice. Therefore, a depressive phenotype may not 
accurately reflect the behavior differences in hemophilia A.

Due to FVIII being detected at higher levels in WT mice, this research 
challenges the dogma of FVIII roles. The results indicates a potential 
positive correlation between brain FVIII levels and
neurocognition/brain function, opening a new avenue of
treatment for mental health in people with hemophilia A.

1. Erasmus Ladder pilot data were used in a power analysis to 
calculate the number of samples needed. Plan to increase the 
sample size to n=6 each for HA and WT mice.

2. Examine paw-clasping behavior in hemophilia A mice compared 
to wild-type mice in tail suspension tests as a marker of 
behavioral despair.

3. Measure FVIII levels with newly adjusted ELISA parameters 
including standard protein concentration loaded onto plate.

I would like to thank the Belin-Blank Center for curating this 
opportunity, and Dr. Staber for welcoming me into her lab. Special 
thanks to Kevin Gubner for his help on protein isolation and ELISAs, 
as well as to Danielle York for her help on behavior test analyses.
All graphics created on Biorender. All behavior tests performed at 
the Neural Circuits and Behavior Core, part of the Iowa 
Neuroscience Institute.

Al‐Huniti, A., Hernandez, M. R., Eyck, P. T., & Staber, J. M. (2020). Mental health disorders in
 haemophilia: Systematic literature review and meta‐analysis. Haemophilia, 26(3), 431-442. 

https://doi.org/10.1111/hae.13960
Shen, B. W., Spiegel, P. C., Chang, C.-H., Huh, J.-W., Lee, J.-S., Kim, J., Kim, Y.-H., & Stoddard, B. L.
 (2008). The tertiary structure and domain organization of coagulation factor VIII. Blood,
 111(3), 1240-1247. https://doi.org/10.1182/blood-2007-08-109918
Staber, J. M., & Pollpeter, M. J. (2016). Shortened lifespan and lethal hemorrhage in a hemophilia
 A mouse model. PLoS One, 11(5). https://doi.org/10.1371/journal.pone.0154857
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Figure 1. Description of Erasmus Ladder protocol and assessments
(A) Sessions: Days 1-4 intended for mice to learn how to use the ladder 
without stimulus. Tones and obstacles introduced on days 5-8 to 
test locomotion and learning.
(B) Parameters: Missteps (%) and latency leaving after cue (%) test motor 
skills and cognition.

Parameters Assessed

Missteps

Defined as a step down from a high 
rung to a low rung or remaining on 
the low rungs. Measures motor 
performance, learning/cognition, 
and fear response. Calculated out 
of total steps.

Latency Leaving After 
Cue

Defined as the time it takes for a 
mouse to move out of the start box 
after being presented with a 
primary cue (light) and a secondary 
cue (pressurized air stream). 
Measures motor learning, 
coordination, and fear response.

B

*ELISA test run with the VisuLize Factor VIII 
Antigen Kit by Affinity Biologicals INC. REF FVIII-AG

                 Results

A

Figure 2. Hemophilia mice tend to have 
increased missteps and time to leave 
start box after cue in Erasmus Ladder
(A) Mean % missteps in HA (±STD 1.91) and 
WT (±SD 1.24) mice during days 1-4.  Two-
way ANOVA analysis (p=0.83). (B) Mean % 
missteps in HA (±SD 0.91) and WT (±SD 
0.64) mice during days 5-8. Two-way 
ANOVA analysis (p=0.20). Data trending 
toward increased % missteps for HA mice. 
(C) Mean latency (msec) in HA (±SD 554.9) 
and WT (±SD 1055) mice during days 1-4. 
Two-way ANOVA analysis (ns: p=0.5027). 
(D) Mean latency (msec) in HA (±SD 2543) 
and WT (±SD 1128) mice during days 5-8. 
Two-way ANOVA analysis (p=0.17). Data 
trending toward increased latency for HA 
mice. n=3 (WT), n=5 (HA).

A

Figure 3. Hemophilia and healthy mice have no significant 
differences in time immobile for tail suspension test
Percent time immobile in male WT (±SD 14.17), male HA (±SD 
12.59), female WT (±SD 10.44), and female HA (±SD 26.09). Two-
tailed unpaired t-test analysis for male (p=0.67) and female 
(p=0.81). n=19 (WT M), n=13 (HA M), n=2 (WT F), n=21 (HA F)

B

DC

Figure 4. FVIII Protein Present in Discrete Mouse Brain 
Subregions
Protein was collected from the cortex and cerebellum. For each the 
cortex and the cerebellum, factor VIII measured as 0.176 
IU/mL  and 0.108 IU/mL, respectively in two different mice. HA 
mice displaced no detectable FVIII detected in brain samples. Mean 
and SD bars included on graph. n=3 (WT), n=1(HA)
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Comparing Gastric Sleeve and Gastroplasty’s Effectiveness as
Obesity Treatments Using Mice Models
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INTRODUCTION
Obesity is a global health crisis on the rise, with over a third of Americans
affected. Traditional weight loss methods such as diet and exercise often
fall short for individuals with severe obesity, making surgical
interventions necessary. Sleeve gastrectomy surgery is the most common
procedure: the stomach is removed, leaving a narrow tube of the stomach
remaining (Johns Hopkins Medicine, n.d.). Sleeve gastroplasty, a newer
and minimally invasive approach, involves inserting a suturing device
endoscopically to reduce the size of the stomach (Mayo Clinic, n.d.). Both
interventions induce weight loss by reducing stomach size and caloric
intake, but more studies are needed to observe the mechanisms of action
for these procedures. This project used in vivo mice models to
comparatively analyze gastrectomy and gastroplasty to understand their
effects on weight loss, food intake, and energy expenditure. By
elucidating the physiological mechanisms underlying both interventions,
this study seeks to have more insights on weight loss procedures. 

DISCUSSION
The comparative analysis of sleeve gastrectomy and gastroplasty in DIO
mice demonstrates that both are effective weight loss interventions.  

Weight Management: Both procedures led to significant weight loss
compared to the sham.  
Glucose Metabolism: Both interventions showed improved insulin
sensitivity and glucose tolerance compared to the sham. 
Lipid Profiles: Both interventions significantly lowered the liver
triglyceride levels.
Hormonal Changes: Both groups showed significant reductions in
leptin levels, with Gastroplasty showing a notable decrease. This
suggests effective fat mass reduction and improved hormonal balance.

Both sleeve gastrectomy and gastroplasty are effective weight loss
interventions. 
They have been observed to have different mechanisms for achieving
effective weight loss results.  
Sleeve gastrectomy and sleeve gastroplasty both improve glucose
and insulin levels
Only sleeve gastrectomy improves lipid profiles along with
histological changes at the stomach level. 
Further studies are needed to explore the full mechanism of action for
each intervention. 

CONCLUSION

METHODS
Diet Induced obesity (DIO) mice were divided into three intervention
groups: Sham, Sleeve Gastrectomy, and Gastroplasty, and observed for
six weeks.

 

 Hematoxylin and eosin staining were used for all images, taken with brightfield microscopy. A scale of 50μm used.  

Figure 9A: Mouse stomach morphology of sham 
Figure 9B: Mouse stomach morphology of sleeve gastrectomy
Figure 9C:  Mouse stomach morphology of sleeve gastroplasty

A CB

STOMACH TISSUE IMAGING

A

ILEUM IMAGING
B C

Hematoxylin and eosin staining were used for all images, taken with brightfield microscopy.
Magnification of 20x.  

Figure 10A: Mouse ileum morphology of sham. 
Figure 10B: Mouse ileum morphology of sleeve gastroplasty. 
Figure 10C: Mouse ileum morphology of morphology of sleeve gastrectomy. Insignificant differences
are detected. 

SLEEVE GASTRECTOMY SLEEVE GASTROPLASTY

Figure 1A (sleeve gastrectomy) and Figure 1B (sleeve gastroplasty). Visualization of sleeve gastrectomy
and sleeve gastroplasty procedures.

Figure 6: There are no statistical differences across all three groups in plasma triglyceride levels. 

Figure 7: Only the gastrectomy group had significantly lower triglyceride concentrations per liver weight.

Figure 8: There are significantly lower leptin hormone levels in both gastrectomy and gastroplasty groups compared
to the sham group.

LIPID AND HORMONE LEVELS

Figure 4: ITT results showing glucose levels over 120 minutes post-insulin injection. Gastrectomy and Gastroplasty
groups maintain lower glucose levels, indicating improved insulin sensitivity.

Figure 5: GTT results showing glucose levels over 120 minutes post-glucose administration. Both Gastrectomy and
Gastroplasty groups demonstrate significantly lower glucose levels compared to the Sham group, indicating better
glucose tolerance.

GLUCOSE METABOLISM

Figure 2 Weight changes in DIO mice over six weeks:
Gastrectomy and Gastroplasty groups show significant
weight reduction compared to the Sham group.

WEIGHT MANAGEMENT

Figure 1 % Weight Change 6 Weeks
Post-Op: Sham group increased in
weight while both gastrectomy and
gastroplasty groups experienced a
significant weight reduction (~10%).

Using Comparative Analysis to Understand Weight Loss Interventions
Jacklyn Saddler, Dr. Mohammed Mokadem, Mohammed Jarrah

Department of Internal Medicine, University of Iowa, Carver College of Medicine, Iowa City, IA
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Investigating the Synergistic Effect and Mechanisms of PHB2 Inhibitors in 
Combination with HDAC Inhibitor Romidepsin in Endometrial Cancer Cells

Summer Tang¹; Xiangbing Meng, PhD²; Shujie Yang, PhD² 
¹Del Norte High School, CA; ²Department of Pathology, University of Iowa

I would like to express my gratitude toward Dr. Meng and Dr. Yang for guiding 
me and providing the opportunity to gain a wonderful lab experience. Also, I 
would like to thank the Belin Blank Center for the opportunity to conduct 
research in a wet lab. Funding for this project was supported by NIH R37-
CA238274 (SY) and the Department of Pathology Start-Up Fund (SY).

7. Acknowledgements

5. Results and Data (Continued)
• Endometrial cancer (EC) cells form in the inner lining of 

the uterus.5
• EC is one of the few cancers with both increasing incidence 

and mortality rates.1
• Prohibitin (PHB) proteins have two isoforms: PHB1 and 

PHB2.7
• PHB2 has varying oncogenic and tumor suppressor 

function in different types of cancer.7
• In EC, PHB2 has an oncogenic function: higher expression 

is associated with poorer prognosis and worse survival.2
• PHB2 inhibitors (PHB2i) include FL3 and JI130.7
• PHB2 downregulates p21, a tumor suppressor that helps 

cell cycle arrest at G1.3
• PHB2 is associated with low progesterone receptor (PR), 

and low PR correlates with worse EC patient survival.4
• PHB2 interacts with histone deacetylases (HDACs) interact 

in the nucleus to repress transcription.7
• HDACi Romidepsin induces cell cycle arrest and apoptosis.6
• Romidepsin has shown high effectiveness when combined 

with other anticancer drugs for treatment.6

1. Introduction 4. Methodology (Continued)

5. Results and Data

2. Problem and Question

8. References

Fig 1. In the uterus, tumors for 
endometrial cancer forms in 
the inner lining.

• PHB2 and its inhibitors lack thorough studies in the context of 
endometrial cancer cell lines.

• PHB2i FL3 and JI130 alone or in combination with Romidepsin have not 
been tested in endometrial cancer cell lines.

Which combination of PHB2i and HDACi exhibits optimal, synergistic 
repression of cancer cell proliferation? How do PHB2 inhibitors function in 
relation to the various biological pathways in endometrial cancer?

3. Objectives

Test different 
combinations of PHB2i 

and HDACi to 
determine optimal 
synergistic effect.

1.

II. Western Blot for Protein Expression
A

Fig 3. (A) Prepare gels for western blot. (B) Conduct BCA assay to determine protein concentrations. (C) Add samples to the gel. (D) Run the gel until bands reach the bottom. 
(E) Transfer gel onto a membrane in cold room. (F) Block membrane with 5% milk. (G) Add primary and secondary antibodies. (H) Obtain results with an imaging system.

B C D
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Hec50 cell line

6. Conclusion and Future Directions

A

III. Flow Cytometry with PI for Cell Cycle Analysis

B C

Fig 4. (A) Harvest treated cells and wash with PBS. (B) Fix in 70% ethanol and wash with PBS. (C) Add RNase to ensure binding of Propidium Iodide (PI) to DNA only, and then add PI. 
(D) Analyze results using a flow cytometer.

Flow Cytometry

• In Hec50 and pDC8 cell lines, synergism was shown from varying 
Romidepsin and FL3/JI130 concentrations.

• Further analysis could test more concentrations for mapping on 
Synergyfinder for Hec50 and pDC8 cell lines.

• ISH cells had synergistic effects for the JI130 and Romidepsin 
combination.

• Inhibition of PHB2 upregulated tumor suppressors (p21 and Foxo1) and 
induced cell cycle arrest.

• Romidepsin and JI130 combinations are highly effective in inducing cell 
cycle arrest at G2 in pDC8 cells.

• HDACi with FL3 and JI130 show promising efficacy for the three EC 
cancer cell lines.

• By understanding which treatments have optimal inhibition of PHB2 
and cell proliferation in EC, novel and improved treatment options 
could be implemented.

• Future experiments could test the efficiency of other PHB2 inhibitors 
such as RocA and FLZ combinations with HDACi.

pDC8 cell line

A

A

B

B

Fig 5. (A) Hec50 cells treated with FL3 (PHB2i) and Romidepsin (HDACi) combination. (B)  Hec50 cells treated with JI130 (PHB2i) and Romidepsin (HDACi) combination.

Fig 6. (A)  pDC8 cells treated with FL3 (PHB2i) and Romidepsin (HDACi) combination. (B) pDC8 cells treated with JI130 (PHB2i) and Romidepsin (HDACi) combination. 

4. Methodology

A B C D

Fig 2. (A) Prepare two 96 well plates of cells (Hec50 and pDC8). (B) Add desired drug combinations to each well. 
(C) After 72 hours, use a plate reader to determine number of viable cells. (D) Feed data in SynergyFinder to 
determine if combinations had synergistic effects.

I. Testing for Synergism

• In Hec50 cells, 2nM of Romidepsin and 10nM of FL3 
had high toxicity.

• Also, 2nM of Romidepsin and 50nM of JI130 were 
effective treatments.

• Both FL3 and JI130 showed synergistic effect when 
combined with Romidepsin.

• In pDC8 cells, the following combinations had high 
toxicity: 0.5nM of Romidepsin + 5nM of FL3 and 0.5nM 
of Romidepsin + 10nM of JI130.

• As concentration increases past 10nM for JI130 or 5nM 
for FL3, changes in cell viability plateau, as toxicity has 
been optimized.

• Both trials showed a preliminary synergistic effect.

Images created in BioRender.com

D

E F G H

Fig 9. (A) pDC8 cells treated with DMSO (control). (B) pDC8 cells treated with 10nM Romidepsin and 
1nM of JI130. There is more cell cycle arrest at G2 for the combination (Romidepsin and JI130) 
treatment. (C) Segmented bar graph illustrating percentage of cells in each phase of the cell cycle 
among different treatment groups: DMSO (control), individual treatments (Romidepsin, FL3, JI130), 
and combination treatments (Romidepsin + FL3 and Romidepsin + JI130).

Verify the mechanisms in 
which PHB2i affect 

signaling pathways and 
the cell cycle.

2.

Testing for Synergism

pDC8 cell line
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Fig 7. (A)  SynergyFinder analysis of Romidepsin and FL3. (B) SynergyFinder analysis of Romidepsin and JI130. 

• Since Romidepsin and FL3 combination had a synergy score between -10 
to 10, their effect is additive.

• Synergy is maximized at 2nM Romi and 10 nM FL3.
• Romidepsin and JI130 have a synergistic interaction, as their synergy 

score is slightly above 10.
• Synergy is maximized at 2nM Romi with varying concentrations of JI130.

0

DMSO DMSO

Fig 8. Western blot results of concentration of different proteins based on treatments with DMSO (control), FL3, and JI130.

• H3S10 is upregulated in Hec50 cells with 
JI130 treatment.

• PR and tumor suppressor Foxo1 
concentration increases as JI130 
concentration increases.

• PHB2 concentration shows no significant 
changes in varying treatments.

• p21 is upregulated by JI130.

A: DMSO

G2:6.6%

G1:66.19%

S:27.22%

C: All treatments

A: Romi + JI130
G1:68.54%

G2:28.83%

S:2.63%
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Figure 5. Optical images of circular films after 2-day salt treatment with different concentrations in wet (a) and dry (b) conditions. Transparency decreases with 
increasing concentration of NaCl and KCl and increases with concentration of Na2HPO4 and K2HPO4. Transparency characterization follows qualitative images and 
transmittance varies with concentration depending on the salt anion (c). Transmittance spectrum spikes at a critical wavelength (d) across all salts. Significant 
variations are evident with the change of anion at the same concentration (d). (****, P<0.0001). 

Specific Tunable 3D-Printed Silk Fibroin Structures:
Ion Effects on Silk Fibroin

Hailey Van1, Reza Amouzandeh2, Nyvaeh Bowen2, Derek Hua3, Xuan Mu2*

Fabrication Techniques

Results and Discussion

Kurland et 
al., 2013

Valente et 
al., 2022

Sun et 
al., 2015

Mu et 
al., 2020

Method Photolithography Two photon 
lithography

Femtosecond 
Lasers

3D Printing

Young's 
modulus

~15.6 GPa ~.0096–
.047
MPa

~2.2 GPa (dry) ~2 
GPa (dry)

Biocompatibility Murine 
fibroblasts

Human 
dermal 
fibroblasts

Bone cell 
culturing

Adipose-
derived 
stem cells

Dimension 2D 2D, 3D 2D, 3D 2D, 3D

Resolution 1.5 µm 100 nm 20 nm 100 µm

External inputs UV light Infrared
lasers

Femtosecond 
laser beams

Solvent 
cues

Table 1. Comparison table summarizing silk 
technologies based on required resources, morphological 
quality, and mechanical properties [1, 5, 6, 7]. 

Effect of Salt Ions

Conclusions and Implications

Mechanical Properties

SEM Imaging

Figure 6. Stress-strain curves of each salt treatment were obtained from tensile tests. Each sample was treated with NaCl (a), KCl (b), K2HPO4 (c), and Na2HPO4 (d) 
and stretched until broken. Strain-stress curve for the highest concentration tested for all salts (e). Non-linear dependence between concentration and Young’s 
modulus in the elastic region (f) in which modulus increases with concentration (K2HPO4, Na2HPO4) whereas the inverse is observed (NaCl, KCl). Significant 
differences in elastic modulus arise when the anion differs or both anion and cation (g). (*, P<0.05, ***, P<0.001, and ns, no significance). Significant correlation is 
observed between anions and maximum stress (h). 

• Ions influence surface 
charges and chain-chain 
interactions 

• Hofmeister series: salts 
induce protein aggregation at 
different levels [8] 

Print 
inside 
PDMS

Silk 
fibroin 
ink

Printing 
bed

Figure 3. Schematic of INKREDIBLE 
3D printer used to fabricate circular 
and dog bone SF films.

Methods

Silk Proteins

Introduction

• Protein-based biomaterials are 
sustainable alternatives to 
current synthetic polymers

• Silk fibroin (SF) conformation 
dominated by β-sheet structures 
or amorphous random coils [1]

Figure 2. Conformational change in 
silk protein from aqueous to dense β-
sheets[4].

• Protein folding is influenced 
by pH, salt ions, and shear [2, 3]

• SF scaffolds support cell 
differentiation, and tissue 
regeneration[3]

Figure 1. Silkworms grown in lab. 
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• In Fig 5a, transparency trends with concentration 
(Na2HPO4, K2HPO4) indicate a shift from aggregation to 
a more compact structure

• Greater elastic modulus when the material can 
withstand more stress may be attributed to fibrous 
structures as shown in Fig 7 [9]

• Anions, elastic modulus, strength, and transparency 
are correlated to each other from a broad perspective

Bioinspiration Analysis Application

Different anions and 
cations induce distinct 
protein configurations

Fabrication of 3D prints 
can be tuned for 

precision medicine
Inspired by natural silk 

spinning process 
• Salts: NaCl, KCl, K2HPO4, Na2HPO4
• Concentrations: 0.5, 1, 2, 3, 4 M 
• Circular samples (D = 6mm) 

absorbance spectrum was collected 
using SpectraMax iD3 microplate 
reader (Molecular Devices)

• Dog bone samples (W = 2mm) 
printed for uniaxial tensile testing 
using HR-30 rheometer (TA 
Instruments)

Figure 8. Hofmeister series and salt 
effects on proteins [8].

Fabrication of Silk 
Fibroin Films

3D printing of circular, 
dog bone, and 

trapezoidal solid films 
with SF monolithic ink

Production of 
Regenerated Silk 

Solution

Process and purify 
silk from silkworm 

cocoons 

Solvent 
Cue Testing

Apply salt ion 
treatment and conduct 

transparency, 
morphological, 
and mechanical 

testing

Figure 7. Cross-sectional scanning electron microscope (SEM) images of dog bone silk films 
after tensile tests. The compact cross-section of transparent films compared to the porous cross-
section of opaque films can be attributed to the rank of anions in the Hofmeister series (scale 
bars: 10 μm). 
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5 mm

• The combination of straightforward, aqueous, and 
ambient fabrication process makes salt bath-assisted 3D 
printing a unique method worthy of further exploration for 
SF-enabled biomedical tools

Figure 4. Printing path of 
circular and dog bone films 
written with G-code and 
printed using Repetier-Host 
(Version 2.2.2).
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Gender diversity correlated with 

PTSD and anxiety disorders.
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BACKGROUND: In current studies, 
transgender people have higher prevalence of 
mental illness, however these studies are 
often not inclusive of non-binary people. This 
study aims to clarify the prevalence of mental 
illnesses among transgender and nonbinary 
(TGNB) people.

METHODS
1. Simon’s Powering Autism Research 

(SPARK) participants take the gender self-
report (GSR) and or answer a categorical 
gender survey. They also self-report 
mental illness diagnoses.

The GSR has two scores: a binary 
trans score and a nonbinary score.

2. For comparing GSR scores and psychiatric 
diagnoses, we used a generalized linear 
model to calculate correlation and p-value.

22.0% Male, 58.0% Autistic, 29.6% 
Gender Diverse

3. For comparing categorical gender and 
psychiatric diagnoses, we used fisher’s 
exact test. Only genders and diagnoses 
with n >50 were used.

22.4% Male, 60.0% Autistic, 30.8% 
Gender Diverse

4. For the boxplots, participants were sorted 
into never diagnosed, diagnosed in the 
past, and currently diagnosed.

RESULTS.
Gender-diverse people tend to have higher 
odds of having mental illnesses like anxiety, 
and depression.
PTSD and anorexia correlate with gender 
diversity in the boxplots, linear model, and 
heatmap.

(* = p < 0.05, ** = p < 0.01, *** = p < 0.001)

DISCUSSION
More research needs to be done on why 
transgender and gender diverse people have 
higher rates of mental illness.
Transgender people do not seem to have 
higher genetic risk for these mental illnesses. 
(Thomas et al., 2024)
Minority stress theory suggests that 
stressors lead to health outcomes.
Work should be done on developing unique 
treatment plans for gender diverse 
individuals.
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APD: Antisocial 
Personality 
Disorder

BPD: Borderline 
Personality 
Disorder

IC/A : Impulse Control 
or Addiction 
Disorder

OCPD: Obsessive 
Compulsive 
Personality 
Disorder

PPD: Paranoid 
Personality 
Disorder

PTSD: Post-Traumatic 
Stress Disorder

Generalized Linear Model estimates for correlation between gender self report (GSR) 
scores and mental illnesses.

Categorical Gender vs Ever Diagnosis

GSR Nonbinary vs Anxiety GSR Nonbinary vs PTSD GSR Nonbinary vs Anorexia

Boxplots of the GSR Nonbinary scores with p-values for differences shown.
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Leptin regulates aldosterone-sensitive neurons in the hindbrain

Introduction
Sodium facilitates vital processes in the body including growth, development, and 

extracellular fluid volume regulation, making it critical for survival. Sodium intake is highly 
regulated by the renin-angiotensin-aldosterone system (RAAS), particularly by the 
mineralocorticoid hormone, aldosterone. Aldosterone, released from the adrenal gland, acts 
to increase sodium retention in the kidneys and to influence the brain by increasing sodium 
appetite.  Aldosterone activates a specific population of neurons in the hindbrain that are 
uniquely aldosterone-sensitive. This sensitivity is due to their expression of the 
mineralocorticoid receptor (MR), to which aldosterone binds, and 11ß-hydroxysteroid 
dehydrogenase 2 (HSD2), which prevents stimulation of MR by glucocorticoids (Fig. 1). 
Notably, hindbrain HSD2 neurons have been shown to be necessary and sufficient for sodium 
appetite. 

Using single-nucleus RNA sequencing, we recently discovered that HSD2 neurons also 
express the leptin receptor (Lepr). Leptin, released from adipocytes, acts to reduce hunger and 
mediates the motivation and reward for eating as well as satiety. HSD2 neuron expression of 
Lepr is of interest because leptin stimulates aldosterone-synthesizing cells in the adrenal 
gland, and obesity causes increased leptin and aldosterone levels.

Thus, we hypothesize that obesity and leptin may activate HSD2 neurons in two ways: 1) 
through the control of aldosterone release by leptin and 2) leptin activation of HSD2 neurons 
directly. To investigate whether leptin regulates HSD2 neurons, we injected mice with leptin 
and performed immunofluorescence on brain sections from mice injected with leptin and 
vehicle and stain for pSTAT3, a leptin signal transduction pathway molecule. Our cell counts 
show that HSD2 neurons are sensitive to leptin. (Fig. 3). Further, we performed aldosterone 
and leptin ELISAs on mice fed for twelve weeks on a normal chow diet versus a high fat diet 
and found that leptin and aldosterone levels were positively correlated in female mice (Fig. 4). 

HSD2 IF
DAPI

Aldosterone-
sensitive neurons 
in the hindbrain

HSD2 neurons in the NTS are sensitive to leptin

Fig. 2 Phosphorylated STAT3 expression (as part of the leptin signal transduction pathway) in the arcuate nucleus 
of the hypothalamus in mice injected with leptin (B) is higher than in mice injected with vehicle (A).
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Leptin and aldosterone levels are positively 
correlated in female mice
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Fig. 1 HSD2 expression in the NTS 
(nucleus of the solitary tract) labels a 
unique population of neurons.

Conclusions and Future Directions
• HSD2 neurons in the NTS are sensitive to leptin.
• Leptin and aldosterone levels in the blood are correlated strongly in female mice, but a similar 

correlation is not demonstrated by this experiment in male mice.
• We will increase the number of mice treated with normal chow or high fat diet due to the 

variability in leptin and aldosterone levels in these mice.
• To determine whether leptin is activating HSD2 neurons, we will measure cFos, a neuronal activity 

marker, in pSTAT3+ HSD2 neurons.

Fig. 3 pSTAT3 expression is significantly higher in HSD2 neurons in the NTS of mice injected with leptin (E-H) than 
mice injected with vehicle (A-D) (p<0.05).
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Solution Preparation
1. Desired amount of TEMPO and TBAPF6 
were massed into a volumetric flask and 
acetonitrile was poured to the 50mL mark
2. Density was calculated by massing the flask 
before and after and the solution was 
transferred to a 3-neck round bottom flask

Setup
7. Working electrode was attached to Pine 
AFASR Analytical Rotator inside Faraday cage
8. The round bottom was clamped under 
working electrode and the three electrodes 
were placed in the solution while being 
connected to the CHI1100B potentiostat

Introduction

Optimizing TEMPO Concentrations For Non-Aqueous Redox Flow Batteries
Joshua  Wang1, Darby H. Duffy2, Chamini Perera2, Scott K. Shaw, PhD.2

1Maumee Valley Country Day School, 2Department of Chemistry, University of Iowa

Methodology

Discussion
Motivation
While alternative energy sources continue to improve, there remains the 
problem of storing the excess energy1

• Electrolyte: Tetrabutylammonium Hexafluorophosphate (TBAPF6)
• Analyte: 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO)
• Viscosity

Rotating Disk Electrode (RDE)
• Cyclic Voltammetry (CV)
• At higher concentrations, higher viscosity creates too much resistance 

for standard CV to provide useful data
• RDE solves this with convection-based mass transport4

Objective
• Optimize concentration for Redox Flow Batteries

• Test different concentrations of TEMPO and TBAPF6 
• Calculate Diffusion coefficient and electron transfer 

constant

Results
• Take average of all values in the plateau to get limiting 

current
• Plug all known values into the Levich equation to calculate 

diffusion coefficient (D)4

IL = 0.62nFAD2/3ω 1/2 𝛎 -1/6C

• Where IL is the limiting current, n is the number of electrons 
transferred, F is Faraday’s constant, A is the area of the 
working electrode surface, ω is the rotation rate, 𝛎 is the 
kinematic viscosity, and C is the concentration of analyte

• Simplification of Butler-Volmer’s equation can be derived to 
calculate heterogenous electron transfer rate constant5

Ik = nFAk0C 

• Where Ik is the kinetic current, which is found by taking the 
inverse of the intercept from the Koutecký-Levich graph

Conclusion
• Lower concentration of TEMPO produced expected 

sigmoidal curve
• Higher concentrations had two plateaus instead of one
• 10 mM TEMPO and 200 mM TBAPF6 appears to be the 

most effective
• No definitive trend between viscosity and D or K0

• Higher ratio of TBAPF6 to TEMPO tended to yield a greater 
D and K0

Next Steps
• Investigate higher concentrations

• Smaller electrode surface area
• Higher RPM
• Determine the cause of the 2nd plateau on 

higher concentrations

TEMPO:TBAPF6  
(mM)

⍴ 
(g/mL)

µ 
(cP)

𝛎 
(cm2/s)

10:100 0.780 0.390 0.00500
10:200 0.810 0.440 0.00543

100:500 0.843 0.575 0.00682
200:500 0.847 0.567 0.00669

250:1250 0.941 0.917 0.00974

TEMPO:TBAPF6  
(mM)

D 
(cm2/s)

K0 
(cm/s)

10:100 0.00001870 0.1310

10:200 0.00001910 0.1880

100:500 0.00000330 0.0300

200:500 0.00000041 0.0042

250:1250 0.00000033 0.0034

Redox Flow Batteries
Redox Flow batteries could be the 
answer to this problem:
• Power decoupling2

• Scalability
• Flexibility

• Organic non-aqueous redox flow 
batteries2

• Abundant
• High tunability
• Safety Fig 1. Diagram of a typical RFB3

Fig 2. Solution in round bottom flask 
with electrodes

Fig 3. Mechanically polishing 
working electrode

Fig 4. Full Apparatus

Table 1.  The density (⍴) and dynamic viscosity (µ) was recorded for 
each of the five concentrations. The kinematic viscosity (𝛎) was then 

calculated by dividing µ by ⍴

Fig 6. Voltammograms were taken at rotation 
speeds of 500, 1000, 1500, 2000, 2500, and 
3000 RPM for each of the five concentrations. 
The potential applied on the top two ranged 
from -0.5V to 1.2V while it ranged from -0.5V to 
1.5V for the three on the bottom. Note that the 
bottom three have two plateau each but the 
ones of interest take place around 0.6-0.8V.

Fig 7. The Koutecký-Levich graph was created by plotting  the inverse 
square root of the rotation speed by the inverse of the limiting current, which 
can be found from the peaks in Fig 5. Note that the purple and green lines 
overlap each other due to having very similar equations.

Table 2.  The diffusion coefficient (D) was calculated using the Levich equation and the 
heterogenous electron transfer rate constant was calculated from the Butler-Volmer equation.

Measurements
9. Cyclic Voltammetry scans were run at six different rotation speed at a 
scan rate of 10 mV/s
10. Viscosity of solution was taken using a plate DV2T-LV viscometer with 
CPA-40Z and Brookfield cone equipped with a TC-550 temperature 
control at 25°C
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ReferencesPolishing Electrodes
3. The 5 mm platinum disk working electrode was 
mechanically polished in aqueous slurries of 3.0μm, 
1μm, and 0.5μm alumina powder, rinsing between 
each grit
4. A hydrogen flame was used to flame polish the 
platinum coil counter electrode
5. For reference electrode, a non-aqueous Ag/Ag+ 
reference electrode was used
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Fig 5. Cyclic voltammograms ran at 0 RPM for the lowest (left) and highest (right) concentrations
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Introduction
• Metal-organic frameworks (MOFs) are porous 

polymers made of metal ions and organic linkers

• Zeolitic imidazolate frameworks (ZIFs) are a 

subclass of switchable MOFs known for its 

thermal stability, tunability, and flexibility

• Atomic force microscopy (AFM) uses probes with 

sharp tips (~15nm) to generate high resolution 

images at the atomic scale, as well as collect force 

vs. Indentation data

Research Questions
• How does the introduction of defects through a 

mixed ligand approach affect the flexibility of zeolitic 

imidazolate frameworks?

• How does the fraction of different ligands in 

a MOF affect its flexibility?
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Increase in Flexibility of ZIF-8 by Crystal Downsizing. Nano Letters, 
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Conclusions
• The molar fraction of each ligand incorporated into 

the ZIF-8-90 metal-organic frameworks is different 

than that used in synthesis

• Linker substitution affects the flexibility of metal-

organic frameworks

• An increase of a fraction of the imidazole-2-

carboxaldehyde  ligand increase the flexibility of 

metal-organic frameworks
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Results 

Methodology
1. Nonsolvent induced crystallization synthesis of ZIF-8-90

• Sodium formate as modulator 

2. Powdered x-ray diffraction confirmed that synthesized ZIF-8-90 is crystalline

3. Nuclear magnetic resonance quantified composition of mixed ligands

4. AFM is used to collect images of individual crystals

• ZIF crystals were drop casted onto a mica substrate 

5. AFM nanoindentation is then used to collect force vs. indentation plots

• Size range of nanocrystals studied: 500 nm – 1500 nm

6. Johnson-Kendall-Roberts (JKR) contact model is used to analyze data to yield Young’s modulus

Future Studies
• Force data may be collected on other ZIF 

compositions (40%, 50%, 60%)

• Gas adsorptions isotherms may be collected to 

gain a deeper understanding on structural changes

• Examining the flexibility of other hybrid MOFs 

through AFM (such as ZIF-7-8)

• Using more than two linkers to further increase 

entropy of MOFs
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Note: the peaks confirmed the crystallinity of synthesized ZIF-8-90 Note: NMR analysis of ZIF-8-90 is used to determine the exact fraction of ligands 
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Figure 3.  Synthesis of ZIF-90, ZIF-8, and ZIF-8-90

Figure 2. Gate opening effect of ZIF-8 

(Tiba et al., 2022)

Figure 1. Relation of mixed 

ligands to gate opening effect

Figure 6. PXRD graphs of synthesized ZIF-8-90 Figure 7.  NMR graph of ZIF-8-90

Figure 8.  AFM 3D Height Image for a representative ZIF-8-90 crystal Figure 9. Plot of Young’s Modulus vs. %ZIF-90

Figure 5.  JKR fit of force vs. indentation data

Figure 4. Laser beam deflection for atomic force microscopes 

(Atomic Force Microscopy | Nanoscience Instruments, n.d.)

Note: The above crystal exhibits a typical cubic morphology

https://www.nanoscience.com/techniques/atomic-force-microscopy/
https://www.nanoscience.com/techniques/atomic-force-microscopy/
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Hemophilia A and Mental Health Disorders: Exploring Aberrant Purkinje Cells in the 
Cerebellum

Lucy Wei1 , Danielle York2 , Kevin Gubner2, Janice Staber, MD2

1Lexington High School, 2Department of Pediatrics, University of Iowa Stead Family Children’s Hospital

OBJECTIVES

INTRODUCTION

A. B.

• Hemophilia A (HA) is an X-linked bleeding disorder caused by factor VIII 

deficiency, a vital clotting factor in the coagulation cascade. (Mehta et al., 

2023)

• Mental health disorders are overrepresented in people with Hemophilia ( Al-

Huniti et al., 2020). Comparisons of brain region volumes between mice with 

HA and wild-type mice (WT) in the Staber lab highlighted the cerebellum as a 

significant region of interest.

• Purkinje cells are specific to the cerebellar cortex and play an important role in 

the cerebellar circuits that affect emotion and cognition (Paul et al., 2022). 

Morphologically aberrant Purkinje cells are associated with neurological 

disorders such as autism (Tsai et al., 2012).

Figure 2. Purkinje Cells Stained with Calbindin D28K in the Paraflocculus

(A) Purkinje cells in paraflocculus of HA mouse in 20x magnification.

(B) Close up of circled aberrant Purkinje cells in image A.

(C) Purkinje cells in paraflocculus of WT mouse. This Purkinje cell layer has 

no aberrant cells.

1. Use statistical analysis to investigate possible subregions of interest 

in the cerebellum by comparing WT and HA subregion volumes.

2. Examine aberrant Purkinje cells in cerebellar subregions of 

interest through immunofluorescent staining.

METHODOLOGY

1. 2.

3.

1. Image J was used to 

count  Purkinje 

cells. Outlines were 

stored to ROI manager.

2. Arbitrary lines were 

blindly drawn to 

encompass the top and 

bottom of the Purkinje 

cell layer.

3. Outlines were then 

imported and those that 

did not touch the lines 

were counted 

as aberrant.

RESULTS

C.

Figure 1. Forest Plot of Cerebellar 

Subregion Volumes of HA Mice 

Compared to WT  Mice

18 out of the 132 comparisons 

of cerebellar subregion volumes 

between WT and HA mice in units of 

standard deviation. The peduncles, par

aflocculus, lobule 8 copula, 

lobule 7 paramedian, 

lobule 6 simple, crus II paramedian tru

nk white matter, and cerebellar vermis 

in HA mice show significant differences 

compared to WT 

mice. The paraflocculus, lobule 6, 

and cerebellar vermis stand out 

as subregions to examine due to 

their size and observable morphology 

under a microscope.

Figure 3. Differences 

in Cerebellar Subregions 

of HA and WT mice

Contingency testing 

revealed a significant 

difference between the 

number of HA and WT mice 

that had aberrant Purkinje 

cells present in the 

paraflocculus (A.i)  and 

simple lobule 6 (C.i). There 

was no significant 

differences between HA 

and WT mice in the 

percentage of aberrant 

PC in the paraflocculus 

(A.ii), vermis (B.ii), and 

simple lobule 6 (C.ii).

CONCLUSION

FUTURE DIRECTIONS
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Non-microscopy images were created on BioRender whereas graphs 

were created on R Studio and Prism 10.

• A power analysis should be conducted to determine 

the correct sample size to draw a statistically 

significant conclusion.

• Due to microscope quality parvalbumin 

did not show in imaging. Therefore, CD28K marked 

cells should be validated with another Purkinje cell 

marker.

• The activity of astrocytes in the cerebellum of HA 

and WT mice should be compared. Work was done 

in the staining for astrocytes, however, Bergmann 

glia, astrocytes specific to the Purkinje cell layer, 

were not stained, so no data was acquired.

• The peduncles, paraflocculus, lobule 8 copula, lobule 7 paramedian, 

lobule 6 simple, crus II paramedian trunk white matter, and vermis are 

subregions of interest due to their significant volumetric differences in HA 

mice, along with subregions not shown in Fig. 1 such as the fastigial 

nucleus and non- cerebellum subregions such as ventricle 4 and the olivary 

complex.

• Contingency testing shows a significant increase in the number of mice with 

aberrant Purkinje cells in the paraflocculus and simple lobule 6 of HA mice 

compared to WT mice.

• No statistically significant relationship between aberrant Purkinje cell 

percentage and genotype could be determined. However, a trend towards 

increased percentage of aberrant Purkinje cells in HA mice can be 

observed.

It should be noted that as the statistical significance increased for subregion 

volumes of HA mice compared to WT mice the statistical significance of an 

increased percentage of aberrant Purkinje cells in HA mice increased as well.

Figure 4. Astrocytes Stained with GFAP

(A) Astrocytes in the paraflocculus of HA mouse in 20x magnification.

(B) Astrocytes in a non-paraflocculus subregion in 20x magnification. The astrocyte stained for is much more 

abundant in this location.

A.

B.

A.i

A.ii

B.i

B.ii

C.i

C.ii
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The role of Protein Phosphatase 2A (PP2A) in neurological diseases
Looking at the effect of PPP2R5D knock out on activity level and cognition function 
in mouse model to investigate if E198K mutation is a loss of function mutation

Yuhan Wu, Chunling Chen, Chian Ju Jong, Stefan Strack

Introduction
PP2A is a Ser/Thr phosphotase 
that dephosphorylates proteins 
and controls cell growth. It is 
made up by 3 subunits - a 
scaffolding subunit A, a regulatory 
subunit B, and a catalytic subunit 
C, forming a heterotrimeric 
holoenzyme as shown in Figure 1. 

Methods

Results Conclusions & Discussion
1. E198K demonstrates an expression of PPP2R5D similar to WT mice in 
Western Blot, but the fact that homozygous E198K mutation is embryonic lethal 
while homozygous KO is not suggests that E198K might not simply be a loss of 
function mutation. 

Biswas, D., Cary, W., & Nolta, J. A. (2020). PPP2R5D-related intellectual disability and neurodevelopmental delay: a review of the current understanding of the 
genetics and biochemical basis of the disorder. International Journal of Molecular Sciences, 21(4), 1286. https://doi.org/10.3390/ijms21041286

Panicker, N., Coutman, M., Lawlor-O'Neill, C., Kahl, R. G. S., Roselli, S., & Verrills, N. M. (2020). Ppp2r2a knockout mice reveal that protein phosphatase 2A regulatory 
subunit, PP2A-B55α, Is an essential regulator of neuronal and epidermal embryonic development. Frontiers In Cell and Developmental Biology, 8, 
358. https://doi.org/10.3389/fcell.2020.00358

Sandal, P., Jong, C. J., Merrill, R. A., Song, J., & Strack, S. (2021). Protein phosphatase 2A - structure, function and role in neurodevelopmental disorders. Journal of 
Cell Science, 134(13), jcs248187. https://doi.org/10.1242/jcs.248187

Wlodarchak, N., & Xing, Y. (2016). PP2A as a master regulator of the cell cycle. Critical Reviews in Biochemistry and Molecular Biology, 51(3), 162–
184. https://doi.org/10.3109/10409238.2016.1143913

Department of Neuroscience& Pharmacology, University of Iowa, Carver College of Medicine, Iowa City, IA

There are three gene families encoding the B subunit - PPP2R2, PPP2R5, 
PPP2R3. There are more isoforms within each gene family. The substrate-
specificity of the holoenzyme depends on the diverse structures formed by 
various combinations of subunits (Sandal, 2021). They play significant roles 
in the process of neuronal development. More specifically, de novo mutations 
of PPP2R5D gene encoding B’δ subunit can result in a disruption in PP2A’s 
function of substrate recognition and dephosphorylation (Biswas, 2020). 

E198K is a highly pathogenic mutation. Hypophosphorylation of PKA 
substrates, hyperactivity and cognitive deficits are observed in E198K knock-
in mice models. Clinically, it is found to cause neurodevelopmental diseases 
(Jordan’s syndrome) with clinical signs like global neurodevelopmental delay, 
intellectual disability, autism spectrum disorder, hypotonia, Parkinsonism, etc.

RotaRod
Phenotyper

Contextual Fear Conditioning

Figure 4. In Phenotyper, distance traveled (DT) and mobility are recorded. 
No significant difference is found between total distance traveled and total 
mobility between wild type mice and PPP2R5D KO mice, but there is a 
significant difference between wild type and E198K mice.

E198K mice

Next, to find out whether 
E198K mutation is a loss 
of function mutation, we 
created PPP2R5D KO (loss 
of function) mouse models 
to investigate if the 
activity level or cognitive 
function are different than 
E198K knock-in mice.
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Figure 3. In RotaRod, 
neither PPP2R5D KO mice 
or E198K mice  showed a 
significant difference in 
motor abilities. This might 
be due to a difficulty of 
displaying Parkinsonism 
in mice models. 
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There is normal amount of PPP2R5D protein 
expression in E198K mice compared to WT.

Figure 2. Western Blots show no 
PPP2R5D in homozygous KO mice. 
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Figure 5. In contextual fear conditioning, no significant 
difference is observed between the PPP2R5D KO mice and 
the WT, but E198K mutation mice show significant cognitive 
deficit, reflecting on their decreased ability of recognizing 
the environment where they received an electric shock 24 
hours ago.
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2. Further behavioral experiments support this hypothesis. E198K mice show 
alternative phenotypes compared to loss of function model (PPP2R5D KO). 
E198K mice show hyperactivity and cognitive deficits compared to WT mice, 
while PPP2R5D KO mice remain normal. Thus, E198K might be a toxic change 
of function mutation.

It mirrors clinical symptoms in 
terms of dysmorphism and 
cognitive functions, but it still 
has shortcomings on its 
reflection of motor disabilities 
like Parkinsonism. 

Further research may focus on 
understanding motor deficits 
displayed by Jordan’s 
Syndrome animal models or 
patients. Wire hang test is 
useful in measuring hypotonia in 
mice. 

However, as a phosphatase, it has a 
large variety of substrates and is 
involved in many critical cellular 
pathways. It can be challenging to 
identify the specific substrates that 
this mutation affects. 

Hypophosphorylation of PKA 
substrates (some overlaps with PP2A 
substrates) are found in mice brain 
with E198K mutation, further 
suggesting a toxic change of function. 
Accordingly, drug development may 
focus on enhancing phosphorylation 
of these substrates.

With the same heterozygous 
missense mutation as Jordan’s 
Syndrome patients, E198K is a 
faithful mouse model for 
studying the disease.

Since E198K is likely not a loss of 
function mutation, future research may 
aim to find out the mechanism and 
pathology of E198K mutation in B’ δ 
subunit of PP2A.
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Figure 1: Top 10 Publishing Countries
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• Since the early 2000s, the technological era has impacted nearly 
every field of research. 

• Hydrology, the study of the water cycle and its related processes, 
has been impacted greatly as well (Yeşilköy et al., 2024).

• Large Language Models (LLMs) are artificial intelligence that utilize 
deep learning techniques to perform tasks such as text 
recognition and generation (Erazo et al., 2024).

• ChatGPT is one example of a well-known LLM. 
• In the domain of Hydrology, LLMs are used in rainfall-runoff 

modeling (Wu et al., 2022), data augmentation, and climate 
forecasting (Kadiyala et al., 2024). 

• This research focuses on the application of LLMs in the fields 
of Hydrology and Environmental Science, as well as the 
potential of LLMs to aid research in these fields. 

• The analysis of the usage of LLMs was conducted through a 
literature review. 

• Articles related to LLMs published between 2018 and 2024 were 
selected by use of a Google Scholar API. 

• After a manual review, 144 articles related to LLMs were selected 
to analyze. Selected articles both involved LLMs and belonged to 
the spheres of Environmental Sciences or Hydrology. 

• Metadata relating to publication date, author affiliation, and 
publication type were collected through SerpAPI. 

• All code was written in Python and the data mining utilized Python 
Requests and Pandas. 

• Graphs of publication year, country affiliation, and publication 
type analyses were produced through Matplotlib and HoloViews. 

• Currently, we are in the process of conducting further analysis on 
the ethics, scalability, and costs of the LLMs used in the research 
articles. 

• We will analyze the impact factor and citation scores of the articles, 
as well as the publishing journals. 

• Additionally, all of the articles analyzed have been in English. In the 
future, adding articles from all around the world may create a more 
holistic review of the trends of LLMs. 

Erazo Ramirez, C., Song, K., & Demir, I. (2024). Technological trends in the field of hydrology and 
environmental sciences: A bibliometric analysis. EarthArXiv. https://doi.org/10.31223/x5dh56

Kadiyala, L., & Mermer, O., & Samuel, D., & Sermet, Y., & Demir, I. (2024). A comprehensive evaluation of 
Multimodal Large Language Models in hydrological applications. EarthArXiv.
https://doi.org/10.31223/X5TQ37

Wu, X., Zhang, Q., Wen, F., & Qi, Y. (2022). A water quality prediction model based on Multi-Task Deep 
Learning: A case study of the Yellow River, China. Water, 14(21), 3408. https://doi.org/10.3390/w14213408 

Yeşilköy, S., Baydaroğlu, Ö ., Singh, N., Sermet, Y., & Demir, I. (2024). A contemporary systematic review of 
Cyberinfrastructure Systems and applications for flood and drought data analytics and communication. 
EarthArXiv. https://doi.org/10.31223/x5937w

• Fig. 1 shows the country affiliations of the first authors of the papers. 
The top country affiliated is the United States with 47 papers, and the 
second is China with 37 papers. 

• Depicted in Fig. 2 is a large increase in the number of papers related 
to LLMs published between 2018 and 2024. The slight decrease in 
papers published between 2019 and 2020 is due to the impact of 
Covid. 

• This demonstrates the rising popularity of LLM as a tool for research 
in Hydrology and Environmental Science, particularly recently.

• Additionally, in Fig. 3, of all papers found, 65 were published in 
journals, 51 were preprints, and 18 were from conferences.

• Most of these preprints were received in 2024, further confirming the 
increasing trend in usage of LLMs. 

• Fig. 4 shows the crossovers between countries. A large majority of 
papers were published in collaboration between China and Hong 
Kong or China and the UK. 

• These results provide future direction and context for researchers 
hoping to apply LLMs to Hydrology. 

Figure 2: Publications by Year
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Detecting and segmenting excess metal on 
sand casted parts using deep learning
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● Sand casting is a metal casting technique in which liquid metal is poured into molds made of sand to 
produce parts

● Currently, sand casted parts are made manually, which is:
● Time consuming, leading to short production runs (Peres et al., 2020) (Bosman et al., 2019)
● Costly for companies (Peres et al., 2020) (Bosman et al., 2019)
● Dangerous and low paying for employees

52.5% of jobs in manufacturing will be unfilled by 2030 (Wellener et al., 2023)
● The purpose of this study is to use deep learning to detect the sprues and risers on sand casted parts, in the 

hopes of one day being able to automate their removal

Thank you to Sam Murphy and others in the Human 
Instrumentation and Robotics lab for their help and support with 

my research and learning.

Thank you to the Belin-Blank Center for providing me the 
opportunity to be here and organizing this program.

1. Take pictures of sand casted pieces, rotating the piece 20 degrees between each picture. Repeat this 
process twice – once with the part facing up and once with the part facing down

2. Scan sand casted pieces and make digital models of them on Blender, take pictures of Blender models in 
same positions as before

3. Augment 3D scans with CAD models of the original part
4. Label images for sprues, risers, and the actual part 
5. Conduct image quality analysis (Entropy, Structural Similarity (SSIM))
6. Assess model performance (Mean Average Precision (mAP), Precision, Recall)

By automating the process of creating sand casted parts, we can:
● Save companies money
● Improve working conditions in foundries 

Sprue

Riser

Part

Figure 3 Set up for taking pictures of sand casted parts Figure 4 3D scan of sand casted part imported on Blender

Figure 2 Diagram of sand casted partFigure 1 Liquid metal being poured into sand casting mold

1-3Department of Mechanical Engineering University of Iowa

Table 1: Deep learning model performance + image quality metrics.

Conclusions:
● The Real dataset had the highest Precision and Recall at 97.10% and 94.10% respectively.
● The Real dataset had the highest entropy at 6.754.
● The Synthetic dataset had the highest structural similarity (SSIM) at 91.63%, and the Real dataset had the lowest 

SSIM at 76.34%.
● These findings are consistent with the literature, since  Real data contains the most information and hence yields 

the highest training performance. Additional results are required to confirm.

Discussion
Figure 5 Real dataset sample

Figure 6  Augmented dataset sample Figure 7  Synthetic  dataset sample

Future Research: 
● In the future, full results for the Synthetic dataset should be found
● A long term goal would be to test out these trained models on real time video footage of the sand casted parts in 

order to get closer to the ultimate goal of adding this technology into foundries.



Introduction
One of the greater setbacks in the field of Psychiatry is the lack of 
“vital signals” (e.g., heart rate, blood draws, oxygen saturation) that 
allow for quick, efficient diagnosis in mental disorders (Stein et al., 
2022).

• Language is easy to collect & analyze; time and cost efficient

• Machine learning easily detects differences in verbal and 
phonemic fluency 

We hypothesized that individuals diagnosed with psychiatric disorders 
will show distinctions in language patterns compared to those who are 
cognitively healthy.

Methods
Participants from SPARK (n>1000) were asked to take the Controlled 
Oral Word Association Test (COWAT) which assessed them on 
verbal fluency and nonverbal reasoning skills (e.g. sentence 
repetition, picture narration, vocal rhythm entertainment, rapid 
automized naming). Participants were also asked to take the Adult 
Self-Report (ASR) which assessed them on their mental well-being. 
We conducted correlation analyses to understand pairwise associations 
between COWAT-based language features and ASR scores; features were 
adjusted for sex, age, educational attainment, and batch.

Results
We identified COWAT-based features, including derived composite features, that were associated with various 
ASR strength, syndrome-based, and DSM5-oriented subscales. We found that these ASR-based profiles 
were most clearly differentiated using a combination of unique word count, atypical vocab, and other more 
specific features (e.g., fluency, mean delay time).

Conclusion/Future Direction
• Standard psychiatric assessments are time consuming and costly in 

diagnosing mental disorders (Stein et al., 2022).  COWAT takes a 
minute to complete and may inform psychiatric state in real-time. 

• Preliminary characterization suggests that informative COWAT-
based language features can be derived and used together to better 
understand current psychological states.

• Continued development of these language-based features may help 
us build mental health "vital signs" that can help identify individuals 
who may be at risk and benefit from intervention.
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 	 Diagnosis	  	
Characteristic	 N	 Overall, N = 1,0941	 ASD, N = 5601	 NASD, N = 5341	 p-value2	
sex	 1,094	 	 	 	 <0.001	

female	 	 856 (78%)	 387 (69%)	 469 (88%)	 	
male	 	 238 (22%)	 173 (31%)	 65 (12%)	 	
age	 1,094	 38 (32, 44)	 34 (28, 41)	 41 (36, 46)	 <0.001	
1n (%); Median (IQR)	
2Pearson's Chi-squared test; Wilcoxon rank sum test	

	

Figure 3. Forest Plot shows the difference in associations of diverse COWAT scores with externalizing and internalizing 
problems

Table 1. Demographics of SPARK participants included in the analyses

Figure 1. Heat map showing correlations between 
COWAT-based scores and ASR t scores 

Figure 2. Scatterplots showing relationships between 
Atypical Vocab and Adaptive versus Thought Problems
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The Effects of CO2 on Arousal Latency and Seizure Profiles in a 
Mouse Model of Temporal Lobe Epilepsy

David Zhang1,2, Rui Li PhD3,4, and Gordon F Buchanan MD, PhD3-5

• Epilepsy is characterized by recurring spontaneous 
seizures.1 

• Sudden unexpected death in epilepsy (SUDEP) ranks second 
only to stroke in years of potential life lost among all 
neurological conditions.2 

• SUDEP also tends to follow a generalized tonic-clonic 
seizure which can cause hypercapnia and acidosis.3 

• CO2 rises in association with a convulsive seizure, and 
especially a generalized tonic-clonic seizure.4 

• Impaired CO2 arousal is believed to further the risk of 
SUDEP because an inability to arouse to dangerous CO2 
levels increases the possibility to become acidotic and 
hypoxic before eventually succumbing to death.4 

• The serotonergic (5-HT) system also plays a major role in 
seizure profiles and arousal to CO2.5,6

HYPOTHESIS: CO2 infusion and the serotonergic (5-HT) 
system impacts seizure profiles which affects the animal’s 
response to CO2 and plays a role in the relationship between 
seizures and arousal ability. 

Figure 3. Comparison of seizure profiles with or without CO2 infusion in the piloTLE model. (A) A generalized 
tonic-clonic seizure with the red line indicates the opening of the CO2 gas valve. The orange box indicates a 
period of postictal brain suppression. The green box indicates the rise in CO2. level which eventually reaches 7%. 
(B-C) The average length for seizures and Postictal Generalized EEG Suppression (PGES). Data was presented as 
mean ± S.E.M. and was analyzed using two-Way ANOVOA. * indicates p <0.05 and *** indicates p <0.001.
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Figure 5. EEG frequency decomposition after CO2 infusion in the piloTLE model. The graphs (A-D) are averages of 
all trial data for each EEG band. The red filled in space represents the time the CO2 valve was open. Data was 
analyzed using three-way ANOVA. In all EEG frequency bands, genotype, event timing, and the interaction between 
the two contributed significantly to the variance in the data. 

Figure 1. Experimental timeline. Lmx1bf/f/p and Lmx1bf/f mice were 
implanted with an EEG/EMG headcap and after 7 days were injected 
with pilocarpine to induce status epilepticus. After a 45-60 day period 
the mice were recorded in the closed loop system to collect data. 

Figure 2. Diagram of the closed loop system utilized for recording data.

• The seizure length was unaffected by genotype or CO2 
levels, while WT mice with CO2 influx had the highest PGES 
length.

• The CO2-induced arousal latency was higher in KO mice 
compared to that in WT mice during interictal period. 

• The CO2-induced arousal latency increased significantly in 
WT mice after a seizure compared to WT mice in the 
interictal period and KO mice in the postictal period.

• The EEG frequency of the mice across all EEG bands of the 
brain showed less activity in interictal than postictal phases 
for both WT and KO mice. 

Closed Loop System

B 

Figure 4. Comparison of CO2-induced arousal latencies in the piloTLE model. (A) An interictal event with the CO2 
gas valve opening. The red box indicates that the animal arouses at this point. The green box indicates the rise in 
CO2 level which eventually reaches 7%. (B) The length it took for the animal to arouse to CO2. Data was 
presented as mean ± S.E.M. and was analyzed using two-way ANOVA. * indicates p < 0.05 and *** indicates p < 
0.001.
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• Increase the sample size of both WT and KO mice to 
support assertions on arousal latencies and seizure 
profiles. 

• Investigate further the relationship between the 
serotonin (5-HT) system and CO2 with PGES and its 
potential as a biomarker in SUDEP. 

• Delve deeper into event classification to provide a 
concrete timeframe to classify events as interictal or 
postictal. 

• Link the changes in EEG frequencies to certain 
physiological events.  

• Analyze the effects of CO2 on breathing patterns by 
utilizing plethysmography. 
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Harmful Algal Bloom (HAB) Prediction Using Ensemble 

Machine Learning Models and XAI Technique
Eddie Zhang1,2 , Omer Mermer2, Yusuf Sermet2, İbrahim Demir2, 3

1The Harker School, 2IIHR Hydroscience & Engineering, University of Iowa, 3Electrical and Computer Engineering, University of Iowa 

● Harmful algal blooms (HABs) present in multiple bodies of 
water (Saxena, 2017) 

● Result of various factors including climate change and 
agricultural water pollution (Saxena, 2017)

● High amounts of nutrients lead to higher concentrations of 
algae in water (Patel, 2017)  

● Negative Effects on Environments 
○ Deplete water of oxygen 
○ Contaminate drinking water 
○ Threat to biodiversity + animal life in surrounding areas

● Water supply reservoir in South Korea predictions using 
RF and XGB (Jeong et. al, 2022) 

● SHAP values on three different machine learning models 
to identify relationships between chlorophyll-a 
concentrations and various water quality factors (Shukla et. 
al, 2024)

● Use of multiple deep learning and linear models to predict 
chlorophyll-a values as an index of algae bloom prediction 
(Busari et. al, 2024) 

● Lake Erie algae modeling and prediction using long short 
term memory networks based off of different features in 
water quality (Ai et. al, 2024) 

● Use of remote sensing images and image processing 
techniques to detect and forecast algae blooms in Taihu
Lake in China (Cao et. al, 2024)

○ No comprehensive and comparative study of 
ensemble learning and linear machine learning 
techniques on algae bloom data

○ Lack of understanding of the effects of using stronger

and weaker learners in ensemble regressors

○ Lack of in depth analysis on most important features

to a machine learning model using XAI 

● Most accurate linear model -> SVM, achieves R^2 value 

of 0.8160 

● Ensemble models more accurate than linear models with 
DF and XGBoost achieving R^2 values of 0.851 and 

0.854 respectively 

● Fusion of weak learners using voting and stacking

regressors improves accuracies 

● Explainable AI techniques and decoding the black box 

of machine learning models using SHAP reveals that the 
concentrations of particulate organic carbon and 
particulate organic nitrogen are most important factors 
in predictions 

● Future Works: Developing a real-time monitoring system 
for algal blooms 
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Training Time for Each Model
Actual vs Predicted 

Chlorophyll-a Values

Algae Bloom Examples (Saxena, 2017; Molinari, 2024) 

Algal Blooms in Lake Eerie (Patel, 2017; Stumpf, 2024)  

Location Map of Seven Data Collection Stations

Research Gap

Overview of Methodology Including ML Models Tested SHAP 
Diagrams and Model Performances

SHAP Values for Top 5 Features for Each ModelArchitecture for Individual Models 

Architecture for Ensembled Models 
Using the Voting and Stacking 

Classifiers 

Model Training runtime (s)
Lasso 1.0s
Ridge 1.0s
MLP 144.9s
RF 5.2s

LightGBM 7.0s
SVM 12.7s

Adaboost 5.2s
DT 1.0s

KNN 0.5s
DF 561.8s
GB 1.0s

XGBoost 1.0s

Characteristics of the Lake Erie Dataset 
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Beeswarm Plot for XGBoost Ensemble Model

● Study Area: Lake Erie 
○ Multiple harmful algae blooms in last years (Patel, 

2017)
○ Important area for fishing and drinking water
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Exploring Rgs6’s effects on Dopamine Transporter function and 

its implications in Parkinson’s Disease

• Bromberg-Martin, E. S., Matsumoto, M., & Hikosaka, O. (2010). Dopamine in motivational control: 
rewarding, aversive, and alerting. Neuron, 68(5), 815–834. 
https://doi.org/10.1016/j.neuron.2010.11.022

• Luo, Z., Ahlers-Dannen, K. E., Spicer, M. M., Yang, J., Alberico, S., Stevens, H. E., Narayanan, N. S., & 
Fisher, R. A. (2019). Age-dependent nigral dopaminergic neurodegeneration and α-synuclein 
accumulation in RGS6-deficient mice. JCI insight, 5(13), e126769. 
https://doi.org/10.1172/jci.insight.126769

• Stewart, A., Maity, B., Anderegg, S. P., Allamargot, C., Yang, J., & Fisher, R. A. (2015). Regulator of G 
protein signaling 6 is a critical mediator of both reward-related behavioral and pathological 
responses to alcohol. Proceedings of the National Academy of Sciences of the United States of 
America, 112(7), E786–E795. https://doi.org/10.1073/pnas.1418795112

Larry Zhang1,2, Jacob Bernholtz3, Jianqi Yang, PhD3, Adele Stewart, PhD3, Rory Fisher, PhD3

- Dopamine is responsible for reward systems and movement/locomotion
- Parkinson’s Disease (PD) results from the loss of dopamine producing 

neurons in the substantia nigra (SNc) (Luo et al, 2019).
- Mice lacking the RGS6 gene (RGS6-/-) show similar symptoms to human 

PD patients, and they progressively lose SNc neurons (Luo et al, 2019)
- RGS6 protects SNc neurons, but exactly how is unknown

Step 1: Counting & Seeding (48 hours before)
• Count cells with a hemocytometer
• Seed ~350,000 cells/well to get 70% 

confluency for transfection after 24 hours
Step 2: Transfection (24 hours before)
• Transfect cells using lipofectamine with 

plasmids encoding hDAT and/or RGS6
• To stabilize RGS6 expression, binding partners 

R7BP and Gβ5 were also introduced
Step 3: Uptake Assay
• Add tagged ASP+ to each well and let 

incubate for 10 minutes for cells to uptake, 
measure

Pilot experiments yielded very low specific ASP+ uptake 
regardless of transfection condition. The ASP+ uptake assay 
requires further optimization to ensure good signal/noise 
(fluorescence readings with and without GBR blocker).

1. Switch to using radiolabeled DA for uptake assay (more 
selective for DAT)
2. Perform Western Blot to confirm hDAT expression after 
transfection
3. Protocol Modification (ASP+ Efflux)

Adding amphetamine reverses DAT function, removing ASP+ 
from the cell into the surrounding media. We will compare 
amphetamine-dependent DA efflux in cells containing or 
lacking RGS6

Thank you to the SSTP program for arranging this opportunity 
for me and thank you to Dr. Adele Stewart and Dr. Rory Fisher 
for welcoming me into their research groups and providing me 
with guidance. Special thanks to Jacob Bernholtz for guiding me 
with my project, working with me, and teaching me about cell 
culture and lab techniques.

We compared RGS6’s effects on DAT with a 
fluorescent label uptake assay. Human DAT in 
culture cells with and without RGS6.

- ASP+: Mirrors dopamine
- GBR-12909: Specific DAT blocker (measuring 

effects of other transporters)

Hypothesis
We hypothesize that RGS6, by negatively regulating DAT, prevents SNc 
dopamine neuron loss from DAT-dependent DA uptake preventing 
intracellular accumulation of toxic DA metabolites.

4. Use biotinylation to detect DAT surface expression (±RGS6)

Figure 3: Evidence for DAT regulation by RGS6. (A) Immunostaining for DAT is increased in the SNc 
and dorsal striatum (dStr) of RGS6 knockout mice. (B) RGS6 and DAT form a co-precipitable complex 
in transfected HEK293T cells.

Figure 6: Preliminary ASP+ uptake data from 4 pilot experiments. (A) Uptake by transporters not including DAT (uptake not 
sensitive to the selective DAT inhibitor GBR). (B) Comparing raw ASP+ uptake values for each transfection condition, both with 
and without GBR.
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Figure 2: Processes showing RGS6 function for 
GPCR proteins and DAT function 
clearing extracellular DA

Figure 5: Transfection conditions for each well

Figure 4: DA uptake protocol with ASP+

Figure 7: Modified ASP+ Efflux uptake protocol 
with amphetamine

RGS6 & DAT: Preliminary data from the lab has shown that RGS6 binds to 
DAT (see below) forming a complex. Likely, RGS6 regulates DAT function.

Figure 1: Synapse diagram, showing DAT 
function clearing synapse DA

Dopamine Transporter (DAT) facilitates dopamine transport across the 
membrane

▪ RGS6 proteins regulate GPCR's like DAT

ASP+ Uptake +GBR vs -GBR
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Commonly Used Energetic Materials

• Explosives, Propellants, Protective Composites, etc.
• TNT, RDX, PETN, HMX

Problems

• Unsafe to handle (too sensitive)
• Too generic – might not be optimal for many use cases

Polymer-Bonded Energetic Materials

• Could possibly solve issues of conventional energetic materials
• Composites created using sugar and binders are similar in structure to energetic powders

Goals:

• Prove that Pressured-Assisted Binder Jetting Additive Manufacturing can be used to generate 
voids (empty spaces) in specific places in the composite

• Examine deformation of different void patterns and sugar/binder ratios when under high-speed 
impact from a Split-Hopkinson Pressure Bar

Dynamic Testing of Energetic Materials Fabricated 
Through Smart Additive Manufacturing 

Steve Zhang, Michael Gearing, Arnold Bangel III MS, Jackson Berlage, Nazanin Tabatabaei, Xuan Song PhD
Department of Industrial and System Engineering, University of Iowa

Introduction

Methodology

Conclusion & Future Work

Results

Creating Samples

• Sugar was mixed with Hydroxyl-terminated polybutadiene (HTPB) binder at various ratios
• Samples were made using Pressure-Assisted Binder Jetting Additive Manufacturing (PABJAM)
• This mixture was poured layer by layer into the print bed (Figure 2)
• The press comes down and creates a uniform layer (Figure 3), the excess material is scraped off
• Hydrogen Peroxide is loaded into the piezoelectric printhead and deposited layer by layer into the 

sample (Figure 4) in a specified pattern (Figure 5)
• Each sample consisted of around 10 layers, each 1 mm
• After printing, samples were cured in a 100°C oven for one day

Split-Hopkinson Pressure Bar (SHPB)

Testing SHPB: Speed System for Slug

• Teensy 4.1 with IR LEDs and phototransistors
• Two checkpoints, calculate speed using time between detections and distance

Estimating Strain Rate

Average speed of incident bar over the collision divided
by the original length of the sample

Porous (Mushy) vs Non-Porous (Brittle)

• Non-Porous Sample, 70% fine sugar to 30% HTPB binder (20 psi or 0.14 MPa)

• Non-Porous Sample, 70% fine sugar to 30% HTPB binder (50 psi or 0.34 MPa)

• Porous Sample, 60% coarse sugar to 40% HTPB binder (30 psi or 0.21 MPa)

Conclusion

• Successfully developed a method of tailoring voids in sugar-based polymers
• Made a double-checking system for calculating the speed of the slug and incident bar
• Porous samples can deform more and withstand a higher speed impact than non-porous samples

• Porous samples inherently have more voids than non-porous samples
• Find a relatively correct strain rate value for certain samples

• Porous samples can withstand a higher strain rate than non-porous samples
Future Work

• Realign and lubricate the bar so that the incident bar doesn’t jitter when it hits the sample
• Design and print complex patterns of additive into the samples

• Possible spatial 3D patterns available (DNA spiral)
• Install strain gauges and an oscilloscope to measure strain rate and deformation of samples

Figure 1 HMX PBX 9501 (Rae et al, 2002) and Sugar-Based Composite

Figure 2 Binder Jet Printer

High Speed Camera

• Examine deformation of samples during impact at 150,000 frames per second
• Verify speed of incident bar and digital image correlation (DIC)

Figure 10 FASTCAM NOVA Highspeed Camera

Figure 5 Example of g-code for hydrogen peroxide
Figure 6 Example of samples

Figure 3 Press Figure 4 Printhead

Figure 7 Split-Hopkinson Pressure Bar used for impact testing

Barrel w/ Slug

Air Tank
Trigger

Incident Bar

Safety ShieldingBackstop B&W BoardTransition Bar

Figure 8 Teensy Speed System
Figure 9 Schematic of Speed System

Figure 11 Before (left) and after 
(right) of 20 psi sample 

Figure 12 Progressive pictures of 20 psi sample

Figure 13 Before (left) and 
after (right) of 50 psi sample  

Figure 14 Progressive pictures of 50 psi sample

Figure 15 Progressive pictures of 30 psi sample
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