


Welcome to the Johns Hopkins 2023 Department Of Medicine/

Whiting School of Engineering Research Retreat
 

The Department of Medicine/Whiting School of Engineering Research Retreat is about 

connections. Connections among researchers in both schools, connections between 

mentors and mentees, and connections between leadership and the adventurous 

researchers that elevate the discovery community.

    Our annual retreat is the largest forum for the presentation of research by Department 

of Medicine and Whiting School of Engineering faculty and trainees and one of the largest 

research events throughout Johns Hopkins. The retreat has a long-standing history in the  

Department of Medicine, but has seen its greatest success since joining forces with the  

Whiting School of Engineering in 2018.

 This year, we welcome Keynote Speaker Stephen Quake, MS, DPhil, the Lee Otterson 

Professor of Bioengineering and Professor of Applied Physics at Stanford University, Presi-

dent of Chan Zuckerberg Biohub Network, a non-profit medical research organization locat-

ed in San Francisco, and the Head of Science at the Chan Zuckerberg Initiative.

 This is the first year since 2019 that our in-person retreat, featuring the keynote ad-

dress, spotlight on research talks and award presentations, will happen in conjunction with 

the poster session that is known to fill Turner Concourse with bold and creative research 

initiatives at Johns Hopkins. We hope the event will fuel new collaborations and capitalize on 

the investigative strengths of each enterprise.

  Enjoy the connections!

Nadia N. Hansel, MD, MPH

Interim Director, Department of Medicine

Interim Physician-in-Chief, Johns Hopkins Hospital

T.E. (Ed) Schlesinger, PhD

Benjamin T. Rome Dean

Whiting School of Engineering

Sangwon Kim, PhD

Associate Professor of Medicine

Retreat Committee Co-chair

Jamie Spangler, PhD

Assistant Professor of Biomedical Engineering, Chemical & Biomolecular Engineering and 

Oncology 

Retreat Committee Co-chair



KEYNOTE SPEAKER

Stephen Quake, MD, DPhil  
Lee Otterson Professor of Bioengineering & Professor of Applied Physics at Stanford University
President of Chan Zuckerberg Biohub Network
Head of Science at Chan Zuckerberg Initiative

Stephen Quake is the Lee Otterson Professor of Bioengineering and Professor of Applied 

Physics at Stanford University, President of Chan Zuckerberg Biohub Network, a non-

profit medical research organization located in San Francisco, and also the Head of 

Science at Chan Zuckerberg Initiative. He received a B.S. in Physics and M.S. in Mathematics 

from Stanford University in 1991 and a doctorate in Theoretical Physics from the University 

of Oxford as a Marshall Scholar in 1994. He joined Stanford in 2005 to help found and lead 

Stanford’s bioengineering department. He was an investigator of the Howard Hughes Medical 

Institute from 2006-2016. Quake's research has explored the nexus of biology, physics and 

technology development. His research in microfluidic device physics led to the invention of 

the biological integrated circuit – chips with tens of thousands of microfabricated valves and 

other assorted plumbing elements. Quake developed applications of these devices in areas 

in fields as diverse as structural biology, biochemistry, genetics and cell biology. Many of the 

technologies currently used for single cell genomics trace their origin to Quake’s discoveries 

in this field. His early career work in single molecule biophysics led him to the invention of 

the first single molecule sequencing technology, which he used for an early example of human 

genome sequencing. He then began exploring other applications of genomics, which led him 

into immune repertoire analysis, diagnostics and the development of non-invasive tests for fetal 

aneuploidy and organ transplant rejection. Quake’s contributions to the development of new 

biotechnology at the interface between physics and biology have been widely recognized by the 

National Academy of Science, the American Physical Society, the Human Frontiers of Science 

Program, the American Society of Microbiology, the Royal Society of Chemistry Publishing and 

more. He is one of the most prolific inventors in the world and is named inventor on 179 U.S. 

patents, as well as many more international patents.



MENTORING AWARD WINNERS

David M. Levine Excellence in Mentoring Award

Hugh Calkins, MD
Catherine Ellen Poindexter Professor of Cardiology 
Professor of Medicine and Pediatrics, Division of Cardiology 

Dr. Hugh Calkins is a Professor of Medicine and Pediatrics and the Director of the 
Electrophysiology Laboratory and the Cadriac Arrhythmia Service at The Johns 
Hopkins Hospital. He is the Director of Heart Station at Johns Hopkins University and 
an internationally recognized expert on catheter ablation, atrial fibrillation, syncope, 
arrhythmogenic right ventricular dysplasia (ARVD), and arrhythmia management. Since 
1992, he has mentored more than fifty prolific cardiologists and researchers who have gone 

on to impact the field, and he himself has published more than 500 articles and book chapters on a large variety 
of cardiac arrhythmias. Clinically, his mentorship style emphazises not only the complex-non-intuitive mastering 
of clinical cardiac eletrophysiology, but gracious and caring interactions with patietns.

Quotes About Dr. Calkins:
“Dr. Calkins is the greatest mentor that I have had over the entirety of my adult education, and one of the greatest 

mentors that the Department of Medicine has to offer." -David Spragg, MD
"Dr. Calkins has not only emboldened me by supporting my research ideas, but empowered me by granting me the 

opportunity to learn how to actualize these ideas to executable projects. -Eunice Yang, MD
“Dr. Calkins is one of the most generous, patient and encouraging mentors I have ever known." -Stephen Chelko, PhD

Frederick L. Brancati Excellence in Mentoring Award

 
Chiadi Ndumele, MD, PhD, MHS
Assistant Professor of Medicine, Division of Cardiology
Dr. Chiadi Ndumele is the Director of Obesity and Cardiometabolic Research. Since 
becoming a faculty member in 2011, he has mentored many medical students, residents, 
fellows, and junior faculty members and played a pivotal role in their careers. His many 
accomplishments and accolades include the American Society for Clinical Investigation 
Council Young Physician-Scientist Award, Scholarly Concentrations Excellence in 
Mentoring Award at Johns Hopkins, multiple NIH-funded grants as a Primary Investigator 

or Co- Primary Investigator, extensive research portfolio including more than 100 publications and hundreds of 
abstracts, most of which are with mentees. Aside from Dr. Ndumele’s notable success as a researcher, he is an 
outstanding clinician, making him a true role model for all physician scientists.

Quotes About Dr. Ndumele:
“Dr. Ndumele is thoughtful, inspirational and seeks the best interest of his mentees at all times...he has been a source of 

wisdom and great advice." -Jelani Grant, MD
“Chiadi leads with wisdom, honesty, generosity, and kindness.” -Gary Gerstenblith, MD

“Chiadi is one of the smartest, most gracious and thoughtful clinical researchers I’ve had the pleasure to work with over 
the past 30 years. I have known him for nearly two decades since he was a student research assistant for Fred Brancati. 

He absorbed the practices of best mentors and integrated them with his own caring style." -Josef Coresh, MD, PhD



Adityo Prakosa, PhD
Associate Research Scientist in the Alliance for
Cardiovascular Diagnostic and Treatment Innovation

“Ventricular Arrhythmia Risk Assessment in Ar-
rhythmogenic Right Ventricular Cardiomyopathy: 
from Genetics to Whole Heart Mode”

 

Shane Loeffler, PhD
Postdoctoral Fellow in the Alliance for
Cardiovascular Diagnostic and Treatment Innovation

“Harnessing AI to Predict Sudden Cardiac Death in 
Cardiac Sarcoidosis”

Dingchang Lin, PhD
Assistant Professor of Materials Science and
Engineering 

“Protein Ticker Tape: Intracellular “Memory” of 
Neural Activity”

Rasika Mathias, ScD
Professor of Medicine
Division of Allergy & Clinical Immunology

"Precision Medicine Opportunities in Healthy Aging - 
The Telomere Chapter”

Spotlight on Research TalksDepartment of Medicine & Whiting School of Engineering

2023 RESEARCH RETREAT

FRIDAY,  FEBRUARY 17,  10:00-10:35 a.m. (Turner Auditorium) 

The Spotlight on Research is a fast-paced session that showcases some of the past year’s best science from 

the Johns Hopkins Department of Medicine and the Whiting School of Engineering. Each presenter will share 

higlights of their research findings delivered in a five-minute lighning talk.

Minglang Yin, ScD
Postdoctoral Fellow in the Alliance for

Cardiovascular Diagnostic and Treatment Innovation 

“Deep Learning for Prevention of Atrial Fibrillation 
Recurrence Following Catheter Ablation”

Sunil Solomon, MBBS, PhD, MPH
Professor of Medicine
Division of Infectious Diseases

“Disentangling Networks to Understand HIV 
Transmission”

Mark Foster, MS, PhD
Associate Professor of Electrical and Computer
Engineering

“CRaSH - A Fast, Adaptive, Artificially Intelligent 
Multiphoton Microscope for Neuroscientific 
Exploration”
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Gregory Lucas, MD, PhD
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Garima Sharma, MBBS

Larissa Shimoda, MS, PhD

Laureano Moro Velazquez, PhD

Paul Welling, MD

Event Coordinators:

Kelsey Bennett

Helen Harrison

Wes Linda

Alissa Meehan

Melanie Mossman

Rebecca Spriggs

Rebecca Roland

(Listed alphabetically)

Department of Medicine & Whiting School of Engineering
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Department of Medicine & Whiting School of Engineering

2023 RESEARCH RETREAT
Program

FRIDAY,  FEBRUARY 17

8:30 a.m. 

Welcome & Opening Remarks (Turner Auditorium) 
Sangwon Kim, PhD 
Associate Professor of Medicine 
Retreat Committee Co-chair 
Jamie Spangler, PhD 
Assistant Professor of Biomedical Engineering, 
Chemical & Biomolecular Engineering and Oncology  
Retreat Committee Co-chair 
Nadia N. Hansel, MD, MPH 
Interim Director, Department of Medicine 
Interim Physician-in-Chief, Johns Hopkins Hospital 
T.E. “Ed” Schlesinger, PhD 
Benjamin T. Rome Dean 
Whiting School of Engineering
9:00 a.m. 

Keynote Address (Turner Auditorium)
Stephen Quake, MS, DPhil
Lee Otterson Professor of Bioengineering and
Professor of Applied Physics
Stanford University
President of Chan Zuckerberg Biohub Network
Head of Science at Chan Zuckerberg Initiative

"A Decade of Molecular Cell Atlases"

10:00 a.m.  

Spotlight on Research Talks (Turner Auditorium)
Moderated by Peter Abadir, MD and Jamie Spangler, 
PhD

Adityo Prakosa, PhD
Associate Research Scientist in the Alliance for
Cardiovascular Diagnostic and Treatment Innovation

Shane Loeffler, PhD
Postdoctoral Fellow in the Alliance for
Cardiovascular Diagnostic and Treatment Innovation

Dingchang Lin, PhD
Assistant Professor of Materials Science and
Engineering 

Rasika Mathias, ScD
Professor of Medicine
Division of Allergy & Clinical Immunology

Minglang Yin, ScD
Postdoctoral Fellow in the Alliance for
Cardiovascular Diagnostic and Treatment Innovation

Sunil Solomon, MBBS, PhD, MPH
Professor of Medicine
Division of Infectious Diseases

Mark Foster, MS, PhD
Associate Professor of Electrical and Computer
Engineering

10:35 a.m.  

Mentoring Awards (Turner Auditorium)
The David M. Levine Excellence in Mentoring Award
Presented by David Levine, MD

The Frederick L. Brancati Excellence in Mentoring 
Award
Presented by Jeanne Clark, MD

10:45 a.m. 

Break

11:00 a.m. 

Research Award Presentations (Turner Auditorium) 

The W. Leigh Thompson Excellence in Research 
Award
Presented by Brian O'Rourke, PhD and Clifton 'Bing' 
Bingham, MD

Basic Fellow Winner - Maria Viskadourou, MD
Basic Faculty Winner - Priya Umapathi, MD
Clinical Fellow Winner - Yumeng Wen, MD
Clinical Faculty Winner - Daisy Duan, MD

Whiting School of Engineering Trainee Award
Presented by Jamie Spangler, PhD

Trainee Award Winners - Changxin Lai, PhD
   Tatsuya Matsubara, PhD

11:45 a.m. 

Lunch Break (Turner Consourse)

12:15 p.m. 

Poster Session: Odd Numbers (Turner Consourse)

1:15 p.m. 

Poster Session: Even Numbers (Turner Consourse)

2:15 p.m. 

Retreat Closing



THE W. LEIGH THOMPSON
EXCELLENCE IN RESEARCH AWARD

Basic Research Fellow Winner 

Maria Viskadourou, MD   Abstract 33

"REST: A Novel Gene Against Atherosclerosis. Does Its 

Downregulation Result in Disease?"

Basic Research Faculty Winner

Priya Umapathi, MD    Abstract 99

"The Intersection of O-GlcNAc and YAP – A Novel Axis in 

the Development of Heart Failure"



THE W. LEIGH THOMPSON
EXCELLENCE IN RESEARCH AWARD

Clinical Research Fellow Winner 

Yumeng Wen, MD    Abstract 5

"Longitudinal Biomarkers of Kidney Injury, Inflammation, 
Tubular Health, and Kidney Disease Progression after 

Acute Kidney Injury"

Clinical Research Faculty Winner

Daisy Duan, MD     Abstract 3

"Sleep Patterns and Metabolic Syndrome Severity among 

African Americans in the Jackson Heart Study"



WHITING SCHOOL OF ENGINEERING  
RESEARCH AWARD

Trainee Awardees

Changxin Lai, Ph.D.   Abstract 76

"MARS-HCM: Multi-modal Deep Learning Method 
for Ventricular Arrhythmia (VA) Risk Stratification in 

Hypertrophic Cardiomyopathy (HCM) Patients"

Tatsuya Matsubara, Ph.D. Abstract 32

"Engineered Tubular Microchannel with Micro-/Nano-

Patterning for Collective Cell Migration"



ABSTRACTS



  ABSTRACT 1

FOXM1 acts sexually dimorphically to regulate functional β-cell mass 
Guihong Peng, Elham Mosleh, Andrew Yuhas, Kay Katada, Christopher Cherry, and Maria L. Golson  

  ABSTRACT 2

Assessing Kidney Biopsy Takeaways: Results from the Kidney Precision Medicine Project 

Ashley Wang, Lauren Bernard, Steven Menez, Joel M. Henderson, Ashveena Dighe, Glenda V. Roberts, Edith Christine Stutzke, Katherine R. 
Tuttle, R. Tyler Miller

The transcription factor FOXM1 regulates β-cell proliferation and 
insulin secretion. Our previous work demonstrates that expressing 
an activated form of FOXM1 (FOXM1) in β cells increases β -cell 
proliferation and mass in aged male mice. Additionally, FOXM1 
enhances β-cell function even in young mice, in which no β-cell 
mass elevation occurs. Here, we demonstrate that FOXM1 acts in a 
sexually dimorphic manner in the β cell. Expression of FOXM1 in 
female mouse β cells does not affect β -cell proliferation or glucose 
tolerance. Transduction of male but not female human islets with 
FOXM1 enhances insulin secretion in response to elevated glucose. 

Estrogen contributes to diabetes susceptibility differences between 
males and females, and the estrogen receptor (ER) β is the primary 
mediator of β-cell estrogen signaling. We show that FOXM1 can 
rescue impaired glucose tolerance in female mice with a pancreas-
wide ER β deletion. Further, FOXM1 and ER β binding sites overlap 
with each other and with other β-cell-enriched transcription factors, 
including ISL1, PAX6, MAF, and GATA. These data indicate that 
FOMX1 and ER β cooperate to regulate β-cell function and suggest a 
general mechanism contributing to the lower incidence of diabetes 
observed in women. 

Intro: The utility of kidney biopsy is debated among clinicians, and 
patient perspectives of the procedure are relatively unknown. To 
bridge these gaps, we evaluated pre- and post-biopsy perspectives 
from patients and clinicians of the Kidney Precision Medicine 
Project (KPMP).

Methods: Clinicians were surveyed about the biopsy’s impact on 
diagnosis, prognosis, and clinical management. Their ratings before 
and after biopsy were compared via Wilcoxon matched-pairs signed 
rank tests. Patient perspectives of kidney biopsy were captured 
qualitatively through 28-day and 6-month post-biopsy surveys and 
organized into thematic areas.

Results: We analyzed perspectives from 155 biopsied patients (114 
CKD, 41 AKI) and 56 clinicians across 9 recruitment sites. After 

biopsy, clinicians and patients both found that the kidney biopsy 

positively impacted clinical management (e.g., medication changes). 

Patients also shared via free-text survey responses impacts of the 
procedure on lifestyle (e.g. exercise, diet) and comorbid disease 
management (e.g. tracking blood sugar, blood pressure). Although 
kidney biopsy did not alter the distribution of clinician ratings of 
the procedure’s diagnostic benefits, 84% (46/55) of patients reported 
that the biopsy improved their understanding of their diagnosis.  
The distribution of clinician ratings for the procedure’s prognostic 
value significantly downshifted following biopsy.

Conclusions: Patients and clinicians diverged in their perspectives 
regarding the impact of kidney biopsy on diagnosis, but they shared



  ABSTRACT 3

Sleep Patterns and Metabolic Syndrome Severity among African Americans in the Jackson Heart 
Study
Daisy Duan, Jonathan C. Jun, Dayna A. Johnson, Rexford Ahima, Alain G. Bertoni, Susan Redline, Justin Echouffo-Tcheugui

Objective: To elucidate the relationship between sleep and metabolic 
dysfunction among African Americans, who are disproportionally 
affected by cardiometabolic diseases.

Methods: This is a cross-sectional analysis of participants in the 
Jackson Heart Sleep Ancillary Study (2012-2016). We used linear 
regression to assess the associations between metabolic syndrome 
(MetS) and actigraphy-derived parameters: sleep timing, sleep 
duration and night-to-night variation, and sleep continuity (sleep 
maintenance efficiency and fragmentation index).  MetS severity 
was expressed as a validated sex- and race/ethnicity-specific z-score 
(MetS-Z) given the high prevalence of traditional MetS components 
in this cohort. Models were adjusted for age, socioeconomic factors, 
physical activity, smoking, alcohol use, and the presence of moderate 
to severe obstructive sleep apnea.

Results: Among the included 660 participants with complete data 
(mean age 63 ± 11 yrs, 66% women, mean BMI 31.8 ± 6.9 kg/m2), 
mean sleep onset was 23:09 ± 1.4h, mid-sleep time was 2:54 ± 1.2h, 
total sleep duration was 6.7 ± 1.2h, median night-to-night variation 
was 1.2h (IQR 0.8-1.5), median sleep maintenance efficiency was 
88.9% (IQR 85.6-91.4), and median sleep fragmentation index 
was 28.5% (IQR 23.3-34). In adjusted models, later mid-sleep time 
(b-coefficient 0.09, p <0.01), increased variation in sleep duration 
(b-coefficient 0.004, p<0.01), lower sleep maintenance efficiency 
(b-coefficient -0.02, p=0.03), and higher sleep fragmentation index 
(b-coefficient 0.01, p=0.02) were associated with higher MetS-Z. 

Conclusions: Later sleep timing, irregular sleep duration, and poor 
sleep continuity were associated with increased MetS severity among 
African Americans, highlighting the importance of sleep and circadian 
disruption as factors that influence metabolic health.

  ABSTRACT 4

Multi-compartment organoids of the human fallopian tube
Ashleigh J. Crawford, Isha Bhorkar, Andre Forjaz, Triya Roy, David Schell, Ashley Kiemen, Ie-Ming Shih, Tian-Li Wang, Denis Wirtz

  
Significance: The fallopian tube has recently been identified as a 
key contributor to many gynecological disorders, such as high-
grade serous carcinoma (HGSC), and endometriosis [1,2]. HGSC 
is responsible for the large majority of ovarian cancer deaths [1], 
and endometriosis affects 10-15% of reproductive age women, in 
some cases causing infertility [2]. In HGSC, precursor lesions on the 
fallopian tube are shed to the ovary where they become an aggressive 
form of ovarian cancer [1]. In endometriosis, endometriosis lesions 
on the fallopian tube respond to the presence of fallopian tube 
stromal cells and grow more rapidly [3]. The current in vitro models 
of the fallopian tube do not reflect the architectural complexity of 
the fallopian tube lumen and neglect the contributions that stromal 
and epithelial cell co-cultures or the different extracellular matrices 
these cells are exposed to can have on disease progression. Thus, new 
understandings of the fallopian tube’s role in these gynecological 
disorders has not been reflected in the standard of care treatment 
[1,2]. We have engineered a novel fallopian tube organoid model 
that considers the complexity of the cellular and extracellular 
matrix composition of the tissue (Fig. 1). This organoid structurally, 

molecularly, and architecturally resembles the fallopian tube. 
This organoid model has downstream applications in studies of 
gynecological disorders and in tissue engineering, as it demonstrates 
improved similarity to the organ of interest compared to previously 
reported models [1].

Approach: The multi-compartment organoid model is customizable 
to the microenvironment of interest and is based on a novel oil-in-
water microtechnology recently developed for tumor organoids [4]. We 
hypothesized that by growing cells in a microenvironment that closely 
resembles the organ in cellular and extracellular composition, an 
organoid can mimic the structure, molecular expression patterns, and 
function of the organ. Multi-compartment organoids of the human 
fallopian tube were generated by suspending fallopian tube epithelial 
cells in 1 μL droplets of a growth factor reduced recombinant 
basement membrane, resembling the epithelial lining of the lumen 
(Supporting Fig. 1a). These droplets were allowed to gel in mineral 
oil at 37 °C and embedded in 10 μL droplets of collagen I, which 
resembles the tissue stroma. 



  ABSTRACT 6

Exploring the Functional Roles of PI5K in Regulation of PI(4,5)P2 during Cell Migration 
Yu Deng, Peter Devreotes

   
We are studying how PI(4,5)P2 is regulated and the relation 
between PI(4,5)P2 and Ras.  Our group has found that PI(4,5)P2 
decreases wherever Ras is activated, suggesting the existence of 
a mutually inhibitory positive feedback loop.  This is consistent 
with previous reports showing that PI(4,5)P2 is elevated at cell 
backs and in cytokinetic furrows.  Here we proposed that PI(4,5)
P2 is primarily regulated by PI5K, an enzyme that converts PI4P to 
PI(4,5)P2. The piki- cells have 90% less PI(4,5)P2, indicating that 
there is a strong correction between PI5K and PI(4,5)P2. We found 
that PI5K colocalizes with PI(4,5)P2 at the rear of cells and shares 
complementary wave patterns with Ras and other front proteins. 
We are investigating the domains in PI5K that localize the enzyme 
on the membrane and to the rear of cells and whether the back 
localization is critical for PI(4,5)P2 regulation. We found that either 

deleting N- or C-terminal of PI5K will cause PI5K to delocalize 
from the membrane to the cytosol. We are recruiting the cytosolic 
truncated PI5K fragments back to membrane, by fusion with a 
surface receptor, cAR1, or by recruitment with iLiD to determine if 
PI5K function and PI(4,5)P2 levels require membrane binding. The 
piki- cells, have strong cytokinesis and chemotaxis defects, providing 
effective assays to test the functions of the truncated proteins. We 
found that truncated PI5K cytosolic fragment still retains the “back” 
signal when we bring it to the membrane, indicating that back 
localization and membrane binding can be independent. Taking 
these results together, we hope to find a new mechanism to explain 
Ras-PI5K-PI(4,5)P2 relationship.

  ABSTRACT 5

Longitudinal Biomarkers of Kidney Injury, Inflammation, Tubular Health, and Kidney Disease 
Progression after Acute Kidney Injury
Yumeng Wen, Leyuan Xu, Isabel Melchinger, Heather Thiessen-Philbrook, Dennis G. Moledina, Steven G. Coca, Chi-yuan Hsu, Alan S. Go, 
Kathleen D. Liu, Eddie D. Siew, T. Alp Ikizler, Vernon M. Chinchilli, James S. Kaufman, Paul L. Kimmel, Jonathan Himmelfarb, Lloyd G. 
Cantley, Chirag R. Parikh  

Background: Longitudinal investigations of murine acute kidney 
injury (AKI) suggest that injury and inflammation may persist long 
after the initial insult. However, it is unknown how these processes 
evolve in patients with AKI, and if their trajectories are associated 
with kidney disease progression after AKI. 

Methods:  In a prospective cohort of 656 participants hospitalized 
with AKI, we measured seven urine and two plasma biomarkers of 
kidney injury, inflammation, and tubular health at multiple time 
points from diagnosis to 12 months after AKI. We used linear mixed-
effect models to estimate biomarker changes over time, and used 
Cox proportional hazard regressions to determine the associations 
between biomarker changes with a composite outcome of chronic 
kidney disease (CKD) incidence and progression. We compared the 
gene expression kinetics of biomarkers in murine models of repair 
and atrophy after ischemic reperfusion injury (IRI). 

Results:  After 4.3 years, 106 and 52 participants developed incident 
CKD and CKD progression, respectively. Each standard deviation 
increases in the change of urine KIM-1, MCP-1 and plasma 
TNFR1 from baseline to 12 months was associated with 2-3-fold 
increased risk for the composite CKD outcome, while the increase 
in urine UMOD was associated with 40% reduced risk for CKD. 
The trajectories of these biological processes were associated with 
progression to kidney atrophy in mice after IRI. 

Conclusion:  Sustained tissue injury and inflammation, and slower 
restoration of tubular health are associated with higher risk of 
kidney disease progression. Further investigation into these ongoing 
biological processes may help understand and prevent the AKI-to-
CKD transition.



  ABSTRACT 8

Multi-Compartment Organoids of the Human Mammary Epithelium
Isha Bhorkar, Ashleigh J. Crawford, Denis Wirtz

Significance: The mammary gland consists of an interconnected 
network of branched ductal structures ending in alveoli that secrete 
milk during lactation [1]. The mammary epithelium undergoes 
extensive remodeling both in the course of normal development 
during puberty, lactation, and in disease i.e., tumorigenesis. 
Numerous models of both healthy and diseased mammary 
epithelium exist to study different aspects of development and 
disease [2]. However, conventional models fail to recapitulate the 
physiological environment of the epithelium separated from the 
collagen-rich breast stroma by a basement membrane. Our novel 
multi-compartment organoid model of the human mammary 
epithelium embeds a core containing human mammary epithelial 
cells in a recombinant basement membrane (Matrigel) within a 
collagen-rich outer layer (Fig. 1). This organization of cellular and 
matrix components mimics the distinct epithelial and stromal 
compartments separated by a basement membrane that exist in 
mammary tissue and can be tuned to reflect various disease and 

developmental stages [3]. From an engineering perspective, this 
organoid model has applications in engineering functional tissues 
and modeling disease pathologies specific to tissue of interest.

Approach: We hypothesized that matching the cellular and 
extracellular matrix composition of the in vitro microenvironment 
with that observed in the mammary gland would enable our 
organoids to mimic tissue architecture and function. Organoids 
were generated using a novel oil-in-water technique [3]. Mammary 
epithelial cells suspended in 1 µL droplets of growth factor reduced 
recombinant basement membrane were allowed to gel in mineral 
oil at 37ºC. These droplets were then resuspended in 10 µL droplets 
of collagen and cultured under standard cell culture conditions. 
Cellular and extracellular matrix composition of both compartments 
could be altered to resemble mammary tissue composition.  [1] 
Cristea, S., et al. Nat. Commun. 2018. [2] Sachs, N., et al. Cell. 2018. 
[3] Lee, M-H. et al. Mater. Today. 2022.

  ABSTRACT 7

Real-time Measurements of Urinary Biomarkers Associated With Kidney Repair
Chirag R. Parikh, Wassim Obeid, Heather T. Philbrook, David Hu, Yumeng Wen, Jeanine Hernandez

Purpose: Real-time point-of-care biomarker measurements can be 
used to augment existing strategies for evaluating kidney quality in 
deceased donor transplantation. We have previously identified three 
urinary proteins (UMOD, OPN, and YKL-40) that are associated with 
long-term graft survival and function in kidney transplant recipients 
enrolled in the Deceased Donor Study (DDS). 

Methods: A lateral flow device (LFD) was developed in collaboration 
with Mologic Ltd. The effects of centrifugation and one freeze-
thaw cycle were tested using 6 available clinical samples.  Pearson 
correlation plots and the Tukey method were used to assess 
differences between pre-analytic conditions. Assay reliability 
was assessed in urine samples from 19 deceased donors that 
were prospectively enrolled at Gift of Life Michigan (GOLM) and 
remeasured at the Johns Hopkins University (JHU) laboratory.

Results: There were no significant differences in storage and 
processing methods. Fresh and post-freeze-thaw samples had a 
strong correlation across all proteins in centrifuged urine (ρc=0.91-
0.95). All proteins had a high percentage recovery after one 
freeze-thaw (95.1-97.0%). LFD was able to reliably quantify protein 
measurements of UMOD and OPN with average inter-assay CVs of 
12.2% and 16.9%, respectively. LFD had low reliability for YKL-40 
with a CV of 49.2%.  The figure below demonstrates correlation 
between the measurements at GOLM and JHU laboratory. 

Conclusion: LFD was robust to preanalytical variations, thereby 
creating opportunities for biomarker measurement in clinical 
practice. The application of real-time biomarker measurements has 
the potential to rapidly assess kidney quality at the bedside to aid 
allocation decisions.



  ABSTRACT 10

Human Adipose Stem Cells from Creeping Fat Exhibit Reduced Apoptosis and Secrete Less Pro-
Inflammatory Cytokines 
Zixin Zhang, Gangping Li, Lingling Xian, Yan Feng, Dongqing Xu, Fengyi Wan, Huimin Yu 

Background: Mesenteric fat is increasingly believed to exert an im-
portant influence on intestinal inflammation. A hallmark of severe 
Crohn’s disease (CD) is the accumulation of mesenteric fat around 
the inflamed intestine. This so-called “creeping fat” correlates with 
intestinal transmural inflammation, muscular hypertrophy, and 
fibrosis/stricture formation. The pathologic function of creeping fat, 
however, remains unclear. Adipose stem cells (ASCs) are mesen-
chymal cells with the capacity for self-renewal and multipotential 
differentiation. Here we aimed to characterize the ASCs from the 
creeping fat of CD. 

Methods: ASCs were isolated from the creeping fat of patients with 
CD and the mesenteric fat of control patients (n =4). Bulk RNA se-
quencing and gene set enrichment analysis (GSEA) were performed 
to investigate the distinctive gene pattern of ASCs. 

Results: Principal component analysis and gene heat mapping re-
vealed a distinctive gene pattern in ASCs from creeping fat compared 
to those from controls. (1) ASCs from creeping fat formed fewer 
colonies and had reduced differentiation and migration capacity. 
(2) ASCs from creeping fat exhibited up-regulated inflammatory and 
apoptosis pathways. (3) ASCs from creeping fat secreted less pro-in-
flammatory cytokines, including TNF-α, IL-6, and IL-8.  

Conclusion: ASCs from creeping fat undergo less apoptosis and 
have reduced differentiation and migration capacity, resulting in 
an accumulation of this distinctive mesenteric fat. ASCs from CD 
patients secrete less pro-inflammatory cytokines, lending support to 
the emerging consensus that creeping fat likely serves a protective 
function in CD.
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Successful sequencing of the Hepatitis B virus polymerase gene from single hepatocytes reveals 
intra-hepatic viral diversity
Monika Mani, Ashwin Balagopal, Hyon S. Hwang, Tanner Grudda, Chloe L. Thio 

Hepatitis B virus (HBV) is a DNA virus that infects the liver and 
replicates through an RNA intermediate called pre-genomic RNA 
(pgRNA), which is reverse-transcribed by an error-prone polymerase. 
To understand the intrahepatic viral genetic diversity, we developed 
a novel method to sequence HBV from a single hepatocyte. 

Methods: We used single-cell laser capture microdissection to isolate 
individual hepatocytes from the liver tissue of two persons with HIV/
HBV co-infection: one who was untreated and the other who had 
intermittent treatment. RNA was extracted and reverse transcribed. 
HBV-specific primers were used to sequence a 1.4 kb amplicon 
targeting the entire reverse transcriptase domain of the pol gene. 

Results:  We obtained sequences from 197/306 (64%) hepatocytes: 
143 in participant A and 54 in participant B. Upon the polymerase 

gene analysis, Participant A demonstrated polymorphisms at 
rt120, rt122, rt128, rt133, rt138, rt144, rt168, and rt278 across 
all sequences, and participant B had polymorphisms at rt173, 
rt180, rt204 whereas, in control samples, the polymorphisms were 
randomly distributed. Both were significantly more than what 
was found in 15 replicates of a control sample (p<0.05 for both). 
In two cells, we observed internal deletions. In the partly treated 
participant, we found evidence of drug-resistance mutations in 12/54 
(22%) of cells. 

Conclusion:  Our protocol successfully amplifies single-cell HBV 
sequences to reveal intrahepatic viral diversity. Polymorphisms 
clustered in a limited number of sites and were spatially restricted, 
uncovering potential modes of spread. In one participant, drug 
resistance was present in a minority of hepatocytes, illustrating a 
robust intrahepatic quasi-species.
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Clinical phenomapping of obese Heart Failure with Preserved Ejection Fraction
Vivek Jani, Soumya Vungarala, Steven Hsu, Virginia Hahn, David Kass, and Kavita Sharma 

Background: Heart Failure with Preserved Ejection Fraction (HFpEF) 
encompasses >50% of all heart failure but has few treatments. 
Phenomapping is one machine-learning based technique for sub-
group identification, but prior studies fail to address the increasing 
prevalence of obesity in HFpEF. Here, we addressed these limitations 
by performing phenomapping in a more obese cohort of HFpEF.

Methods: We prospectively studied 378 patients with HFpEF and 
performed detailed clinical, laboratory, and echocardiographic 
phenotype.

Results: Machine learning based cluster analysis (Figure 1A) 
identified three pheno-groups: Obese/Metabolic (Ob/Mt) Occult 
HFpEF (n=186 patients), Ob/Mt Manifest HFpEF (n=81), and Elderly/
Restrictive HFpEF (n=65). The mean age of the elderly group was 
75±8 years, significantly higher than both obese groups (p=0.0001). 
Both Ob/Mt groups had higher BMI (Occult - 38±11, Manifest - 
38±12) than elderly/restrictive patients (p=0.0001) and had evidence 
of diabetes and dyslipidemia. Ob/Mt Manifest HFpEF patients 
had small left ventricles (p=0.006), higher E/A ratio (p<0.0001), 
elevated filling pressures (pulmonary capillary wedge pressure: 
Manifest - 22±6 vs. Occult - 13±4 mmHg, p<0.0001), and elevated 

mean pulmonary pressure (Manifest - 37±8 vs. Occult 13±4 mmHg). 
Elderly/Restrictive patients showed the smallest left ventricles 
and the and highest E/A ratio. Further, Elderly/Restrictive patients 
had markedly depressed cardiac output (p=0.0489) and cardiac 
index (p=0.040). Kaplan-Meier survival analysis showed worsened 
survival in Elderly/Restrictive (p=0.0026) and Ob/Mt Manifest HFpEF 
(p<0.0001) vs. Ob/Mt Occult HFpEF (Figure 1B).

Conclusion: Unsupervised machine learning algorithms may allow 
for improved classification of heterogeneity within HFpEF and 
potential for precision medicine in each of these sub-groups. 
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Adipokine C1q/Tumor necrosis factor- Related Protein 3 (CTRP3) Attenuates Intestinal Inflammation 
via Sirtuin 1 / NF-κB Signaling
Zixin Zhang, Gangping Li, Yan Feng, Lingling Xian, Fatemeh Bakhsh, Dongqing Xu, Tyrus Vong, G. William Wong, Huimin Yu  
 
Background & Aims: The adipokine CTRP3 has anti-inflammatory 
effects in several non-intestinal disorders. Although serum CTRP3 
is reduced in patients with inflammatory bowel disease (IBD), its 
function in IBD has not been established. Here, we elucidate the 
function of CTRP3 in intestinal inflammation. 

Methods: CTRP3 knockout (KO) and overexpressing transgenic (Tg) 
mice, along with their corresponding wild-type (WT) littermates, 
were treated with dextran sulfate sodium for 6-10 days. Colitis 
phenotypes and histological data were analyzed. CTRP3-mediated 
signaling was examined in murine and human intestinal mucosa as 
well as mouse intestinal organoids derived from CTRP3 KO and Tg 
mice.  

Results: CTRP3 KO mice developed more severe colitis, while 
CTRP3 Tg mice developed less severe colitis than WT littermates. 
The deletion of CTRP3 correlated with decreased levels of 

Sirtuin 1 (SIRT1), a histone deacetylase, and increased levels 
of phosphorylated / acetylated NF-κB subunit p65 and pro-
inflammatory cytokines TNF-a and IL-6. Results from CTRP3 Tg mice 
were inverse to those from CTRP3 KO mice. The addition of SIRT1 
activator resveratrol to KO intestinal organoids and SIRT1 inhibitor 
Ex-527 to Tg intestinal organoids suggest that SIRT1 is a downstream 
effector of CTRP3-related inflammatory changes. In IBD patients, a 
similar CTRP3 / SIRT1 / NF-κB relationship was observed. 

Conclusions: CTRP3 expression levels correlate negatively with 
intestinal inflammation in acute mouse colitis models and IBD 
patients. CTRP3 may attenuate intestinal inflammation via SIRT1 / 
NF-κB signaling. The manipulation of CTRP3 signaling, including 
through the use of SIRT1 activators, may offer translational potential 
in the treatment of IBD.
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Blood pressure Trends in Heart Failure With Preserved Ejection Fraction 

Soumya Vungarala, Vivek Jani, Joban Vaishnav, Virginia Hahn, David Kass, and Kavita Sharma     

Background: Hypertension (HTN) has been a significant modifiable 
risk factor for heart failure with preserved ejection fraction (HF-
pEF). Contemporary HFpEF cohorts have predominantly metabolic 
comorbidities (obesity and diabetes), suggesting a shift in HFpEF 
phenotype. We hypothesize that HTN is both less prevalent and less 
severe in contemporary HFpEF. 

Methods: A systematic review of systolic BP (SBP), diastolic BP (DBP), 
comorbidities, and anti-hypertensive use in 17 HFpEF clinical trials 
from 2003-2022 was conducted. Trends were assessed with univariate 
linear regression and Pearson R correlation coefficient. Subsequent-
ly enrollment SBP and DBP in HFpEF patients (EF≥ 50%) referred 
to the JHU HFpEF Clinic between June 2013-October 2022 were 
assessed. Univariate linear regression and the Pearson R correlation 
were calculated between BP and time in months. 

Results: The mean enrollment SBP declined in HFpEF clinical trials 
over the analysis period (136mmgHg to 128mmHg). A significant 
negative correlation was observed for both SBP (P=0.02, R=-0.63) 
and DBP (P=0.01, R=-0.80) and time. In the JHU cohort, mean SBP 
declined from 143mmHg to 133mmHg (P=0.03, R=-0.20). There was 
no significant negative trend in DBP and time in this cohort (P=0.98, 
R=-0.001). A positive correlation was observed for prevalent HTN (P= 
0.01, R= 0.35) and time as well as aldosterone antagonists (P= 0.01, 
R=0.37) and time in the clinical trials.

Conclusion: Prevalent HTN has increased in HFpEF patients enrolled 
in clinical trials; however, SBP and DBP has lowered with no signifi-
cant change in background HTN therapy, suggesting contemporary 
HFpEF patients have less severe HTN. 
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O-GlcNAcylation and Mitochondrial Substrate Switch
Gabriel Lopez-Cecetaite, Priya Umapathi

Despite existing therapies, patients with heart failure (HF) 
experience substantial morbidity and mortality highlighting an 
urgent need to identify novel pathophysiological mechanisms and 
therapies. HF is associated with impairment in fatty acid metabolism 
and a shift towards glucose oxidation. Additionally, alternative 
glucose utilization pathways, such as the Hexosamine Biosynthesis 
Pathway (HBP), appear to be increased in HF. This shift towards the 
HBP has been show to drive increased O-GlcNAcylation (OGN) of 
proteins in several HF models. The development of cardiomyopathy 
in our murine model of excess OGN (OGT TG) is accompanied with 
an impairment in mitochondrial complex I activity and decreased 
energy production. Heart function and mitochondrial energetics 
are normal in the murine model of decreased OGN (OGA TG). Both 
heart function and Complex I activity are rescued by normalizing 
the level O-GlcNAc modified protein levels in OGT TG interbred 

with OGA TG (OGT x OGA TG). Here, we find OGT TG animals have 
preferential mitochondrial substrate utilization and impaired ketone 
utilization compared to WT animals and OGT x OGA TG animals. We 
investigate the role of excessive O-GlcNAcylation in HF-associated 
metabolic dysfunction, and test the hypothesis that enhancing 
ketone utilization mitigates the pathophysiological effects of OGT 
overexpression. This is timely because ketones as a metabolic HF 
therapy are the focus of several clinical trials. Thus, attenuation 
of O-GlcNAcylation and cardio-metabolic substrate switch may 
represent a HF rescue therapy in patients. 
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Autonomous, Sequential Delivery of Reagents in a Plastic Millifluidic Platform
Harrison Khoo, Sung-Eun Choi, and SJ Claire Hur

   
Point-of-care bioassays for bedside settings ideally require minimal 
use of specialized equipment for fabrication and operation. To such 
end, it is desirable to develop assays that are compact, disposable, 
user-friendly, and permit autonomous operation. In this work, 
we present an easy-to-use, mass production-friendly millifluidic 
device capable of autonomous delivery of multiple reagents. Several 
reaction agents (i.e. antibodies, dyes) and wash buffers can be 
manipulated at preset speeds without the need of syringe pumps, 
timers, pressure sources and/or specifically trained individuals. A 
fabrication protocol has been established that is integrable with 
common bioassay manufacturing processes for prototyping and 

mass production. The initial sample loading initiates the assay such 
that the device deterministically releases solutions into the flow 
channel. Instead of cumbersome external fluidic loading sources, 
the device relies on differences in capillary pressure generated by 
unique geometric structures. Solution flow times that determine 
reagent incubation and wash durations are controlled via calculated 
flow resistances from these geometric differences. Coupled with the 
loading of antibody-coated beads, sandwich assays can be performed 
on-chip within minutes with adequate washing steps. This device 
can be readily optimized for various specimen and assays that 
require flow of multiple reagents. 
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Targeting metabolic pathways in acute lung injury / ARDS
Kevin Shenderov, Samuel Collins, Liang Zhao, David Sanin, Yee Chan-Li, Maureen Horton, and Edward J. Pearce  

Acute respiratory distress syndrome (ARDS) affects up to 200,000 
individuals in the US and over three million worldwide each year. 
Treatment is largely supportive and mortality remains 30-40%, 
so there is a pressing need for novel therapeutic strategies. There 
is an important role for inflammation in ARDS, but results with 
anti-inflammatory therapies have been largely disappointing. We 
hypothesize that immunometabolism may provide an alternative 
approach for targeting detrimental inflammation in ARDS. To 
explore metabolic changes during acute lung injury, we utilized four 
mouse models – 1) pneumonia caused by Streptococcus pneumoniae 
infection, 2) influenza A H1N1 infection, 3) intratracheal instillation 
of bleomycin, and 4) indirect lung injury due to diet-induced acute 
pancreatitis. In each model, we performed targeted metabolomics 
on lung tissue to understand the metabolic pathways that are 

perturbed during acute lung injury. Multiple metabolic pathways 
were impacted during lung injury, but we focused primarily focused 
on two metabolites – glutathione (critical for intracellular redox 
balance) and myo-inositol (a sugar alcohol that can act as an 
antioxidant) – that dramatically decreased in abundance in all four 
lung injury models. Excitingly, we found a similar reduction in levels 
of glutathione and myo-inositol in the bronchoalveolar lavage fluid 
of patients with COVID-19 ARDS compared to healthy controls. 
Moreover, we found that administering a glutathione derivative or 
myo-inositol to mice after infection with Streptococcus pneumoniae 
significantly reduced mortality. Studies are underway to clarify the 
mechanism through which glutathione and myo-inositol act, with 
the hypothesis that they reduce oxidative stress during acute lung 
injury. 
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Ionic Regulation of Cell Size
Gene J. Fu, Qin Ni, Zhuoxu Ge, Sean X. Sun

Ionic regulation of cell size is a poorly understood aspect of cellular 
biology, yet it plays a crucial role in numerous important processes 
in mammalian cells. Abundant ions such as sodium, potassium, and 
chloride are involved in cell membrane transport, energy storage, 
ATP synthesis, ribosome structure maintenance, and volume 
regulation. Calcium, although present at lower concentrations, 
acts as a secondary messenger in various cellular growth and 
mechanosensing pathways. To investigate how ions influence 
cell size during cell cycles, we utilized the Fluorescence Exclusion 
method and Quantitative Phase Microscopy to monitor cell volume 
and mass changes under various ionic conditions without altering 

osmotic pressure. Our findings reveal that both NIH-3T3 fibroblast 
and HT1080 fibrosarcoma cells exhibit increased growth rates and 
larger division and population mass and volume in chloride or 
sodium chloride-depleted culture medium. In addition, we observed 
that NIH-3T3, but not HT1080, requires rich extracellular Calcium 
to obtain birth-size-dependent G1 growth rates and durations for a 
functional G1/S size checking. These results provide new insights 
into the role of ions in regulating cell size, which has important 
implications for cancer metastasis, cell growth, proliferation, and 
differentiation. 
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Large field-of-view fiber-optic two-photon endomicroscopy enabled neuroimaging in freely behaving 
mice 
Yuehan Liu, Haolin Zhang

Lightweight, miniature two-photon (2P) endomicroscopy has 
been used for neuroimaging in freely behaving mice. However, 
large field-of-view (FOV) imaging remains challenging due to the 
miniaturization of the endomicroscope, and the limitation of 
FOV restricts large-scale neural population imaging. To image 
more neurons in freely behaving mice, we developed a large field-
of-view two-photon fiber-optic endomicroscope. The designed 
endomicroscope has a circular FOV of 600 µm diameter with a 

lateral resolution of 1.2 µm. The endomicroscope weights 1.33g 
with an outer diameter of 2.8 mm. In vivo neuroimaging was 
performed in a GCaMP6m expressed freely behaving mouse, over 
600 neurons were recorded at a time. The results demonstrate the 
capability of endomicroscopy for large FOV imaging, which provides 
opportunities for large-scale neural population study. 
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Cytoskeletal activation of NHE regulates cell volume 

Qin Ni, Zhuoxu Ge, Yizeng Li, Jinyu Fu, Kaustav Bera,Yuhang Yang, Yichen Wang, Anindya Sen, Ana Vasconcelosi,Konstantinos 
Konstantopoulos,Sean X. Sun

The mammalian cell volume is important in regulating major cell 
functions. During mitosis or exposure to extracellular mechanical 
and physiological challenges, cells can dramatically alter their 
volume in minutes. Within this timescale, cell volume change comes 
from cell surface water flux, which is actively regulated by cell ionic 
fluxes and the hydrostatic pressure difference across the cell surface. 
The role of ion transporters in volume regulation has been well 
established. However, the role of the actomyosin cytoskeleton and 
its substantial interplay with ion transporters in cell volume control 
is still unclear. In this work, we discovered a cell volume regulatory 
system controlled by actomyosin signals to ion transporters, 
in addition to the classical ion transport dominant cell volume 
regulation. We showed that in NIH-3T3 and MCF-10A, 
hypotonic shock triggered a 20% secondary volume increase (SVI) 
over the timescale of 30 minutes following the initial 
volume regulatory recovery. The SVI is initiated by Ca2+ influx 

through stretch activated channel Piezo1, which works with 
Calmodulin to trigger actomyosin remodeling. Rather than 
generating forces that directly contract cells, actomyosin regulates 
cell volume by activating Na+ -H+ exchanger 1 (NHE1) through actin 
binding partner ezrin. NHE1 can also be mechanically activated 
via uniaxial mechanical stretch through the same pathway. Such 
cytoskeleton mediated activation of NHE1 is lacking in cancer 
cell lines HT1080 and MDA-MB-231, whose volume regulation 
is dominant by ion transporters. We further showed that the 
cytoskeletal activation of NHE1 during SVI induces chromosome 
reorganization and DNA demethylation. Overall, our findings reveal 
the central role of Ca2+-Calmodulin and actomyosin mediated 
mechanosensing in regulating ion transportation, cell volume, and 
cell epigenetics
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Fully Immersive Virtual Reality for Skull-base Surgery: Surgical Training and Beyond
Adnan Munawar, Zhaoshuo Li, Peter Kazanzides, Francis Creighton, Russ H. Taylor

Fully immersive virtual reality (VR), where surgeons can practice 
procedures on virtual anatomies, is a scalable and cost-effective 
alternative to cadaveric training. The fully digitized virtual surgeries 
can also be used to assess the surgeon's skills automatically using 
metrics that are otherwise hard to collect. Thus, we present FIVRS, 
a VR system designed for skull-base surgery that combines high-
fidelity surgical simulation software with a realistic hardware setup 
for enhanced realism. FIVRS integrates software and hardware 
features to allow surgeons to use normal clinical workflows for VR. 

FIVRS uses advanced rendering designs and drilling algorithms for 
realistic surgery. We also designed a head-mounted display with 
ergonomics like that of surgical microscopes. A plethora of digitized 
data from VR surgery is recorded, including eye gaze, motion, force, 
and video of the surgery for post-analysis. The system is completely 
open-source and provides feature-rich data in an industry-standard 
format. 
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Long-Term Effects of Extracellular Fluid Viscosity as a Mechanical Cue to Increase Cell Motility and 
Metastasis 
Anindya Sen, Kaustav Bera, Inês Godet, Daniele M. Gilkes, Konstantinos Konstantopoulos

Extracellular fluid viscosity is a key physical cue that varies under 
several physiological and pathological conditions, like cancer. 
However, the mechanism by which the cells sense and respond to 
extracellular fluid viscosity, as well as the long-term effects of high 
extracellular viscosities on cell signaling pathways, is unknown. 
Here, we demonstrate that elevated viscosity counterintuitively 
increases the motility of various cell types in unconfined 2D sub-
strates, in confined microchannels, and cell dissemination from 
3D tumor spheroids. This is facilitated by the coordinated action 
of actin branching, NHE1- mediated cell swelling, and an increase 
in RhoA-based cell contractility via Ca2+ influx through the mecha-
nosensitive ion channel, TRPV4. Various types of cancerous, as well 

as non-cancerous cells, pre-exposed to elevated viscosity acquire 
mechanical memory of the extracellular fluid viscosity due to the 
nuclear localization of the transcriptional coactivator of the Hippo 
pathway, YAP. This TRPV4-dependent memory in MDA-MB-231 
breast cancer cells leads to an increase in lung metastasis in mice. 
Interestingly, the reliance of the pre-treated cells on TRPV4 (which 
is essential for acute migration in a media of high viscosity) for sus-
taining increased motility at basal viscosities progressively decreases 
with an increase in the duration of pre-treatment. Taken together, 
our work indicates that extracellular viscosity regulates both short- 
and long-term cellular processes with (patho)physiological relevance 
to cancer cell migration and metastasis. 
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Microbiome modulation after severe AKI accelerates recovery and decreases fibrosis
Sepideh Gharaie, Kyungho Lee, Andrea M. Newman-Rivera, Jiaojiao Xu, Lois J Arend , Dominic S Raj, Jennifer Pluznick, Chirag Parikh, San-

jeev Noel, Hamid Rabb

Most studies on modifying the microbiome to improve acute kidney 
injury (AKI) have focused on prevention. Effects on repair have not 
been well studied. We hypothesized that modifying gut microbiota 
with antibiotics (ABX) administered AFTER severe ischemic AKI 
in mice would accelerate kidney recovery and mitigate fibrosis. 
C57BL6 mice underwent 50 min unilateral ischemia reperfusion 
injury. Amoxicillin, metronidazole, combination of ABX (ampicillin, 
metronidazole, neomycin, vancomycin) or control were started 
after IR. GFR was measured in conscious mice via transcutaneous 
detection of FITC-sinistrin. Kidneys were evaluated for fibrosis with 
Masson’s trichrome, mRNA expression of Col1α1, TGFα, and αSMA 
by qPCR, and immunophenotyped by flow cytometry. Stool 16s rRNA 
sequencing was performed. Germ free (GF), CD8 KO, and CD4 KO 
mice with severe AKI were studied. Effect of amoxicillin pretreatment 
was studies on bilateral ischemia reperfusion and cisplatin 
models. Amoxicillin started post IRI increased GFR at 1, 2, 3 and 4 
weeks compared to control (900±26 vs 749±31 μL/min/100g,P<.01; 
922±28.8 vs 707±25, P<.01; 922±21 vs 811±26, P=0.021; and 931±23 
vs 758±24, P<.01). Amoxicillin decreased fibrosis percentage in 
both cortex and outer medulla compared to control (5.5±1.2 vs 
12.1±2.3, P=.015; 6.6±0.7 vs 13.9±1.2, P<.01). Amoxicillin decreased 

TGFα expression compared to control (0.6±0.1 vs 1.1±0.1, P=.013). 
Amoxicillin decreased percentage of kidney CD4T cells (47.5±1.8 vs 
61.5±2.4, P<.01), while CD8 cells (39.4±2.2 vs 26.2±2.2, P<.01) and 
PD1 expression on CD8 (21.1±2.3 vs 7.73±1.6, P<.01) were increased. 
Amoxicillin reduced kidney CD4+T cells, interleukin IL-17 on 
CD4+T cells, and TNFα on double negative T cells while increased 
CD8+T cells and PD1+ on CD8T cells. Amoxicillin also increased gut 
lamina propria CD4+T cells and decreased CD8+T cells and IL-17 on 
CD4+T cells. Amoxicillin did not accelerate repair in GF and CD8-
deficient mice, demonstrating microbiome and CD8+T lymphocytes 
dependence for protective effects, but remained effective in CD4-
deficient mice. Amoxicillin increased stool Alistipes, Anaerotruncus, 
and Lactobacillus species while nearly eliminating Holdemanella 
and Anaeroplasma. Amoxicillin pre-treatment protected mice 
against renal bilateral ischemia reperfusion injury but not cisplatin 
induced AKI. Modification of gut bacteria with amoxicillin after 
severe ischemic AKI is a promising novel therapeutic approach to 
accelerate recovery of kidney function and mitigate AKI to chronic 
kidney disease progression. surgical ergonomics and decrease 
harmful trapezius pressure and chronic neck injury. 
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Strengths and limitations of integrating single cell and spatial transcriptomics to study T cells in nor-
mal and AKI kidneys
Sepideh Gharaie, Kyungho Lee, Kathleen Noller, Emily K. Lo, Brendan Miller, Hyun Jun Jung, Johanna T. Kurzhagen, Nirmish Singla, Paul 
Welling, Jean Fan, Patrick Cahan, Sanjeev Noel, Hamid Rabb   

T cells are important in the pathogenesis of AKI but molecular 
mechanisms are poorly understood. We used single cell RNAseq 
and spatial transcriptomics to study T cells in normal and post AKI 
mouse kidneys. We also studied human kidneys and NIH KPMP 
data to assess clinical significance of our mouse data. C57BL6 mice 
underwent bilateral ischemia reperfusion, then sacrificed at 24 hr. 
Kidney mononuclear cells from normal and ischemic mice isolated 
and sorted for CD4, CD8, and DN T cells. cDNA was synthesized and 
library preparation performed using 10X Chromium technology. 
scRNA-Seq was preprocessed on the Illumina NextSeq 500 platform. 
Sequencing reads were aligned to the mouse reference genome using 
the 10X Genomics CellRanger pipeline followed by downstream 
data analysis using Scanpy. Data was validated using qPCR. 
Spatial transcriptomics was performed using 10X visium platform. 

“Normal” sections of human post-ischemic kidneys removed for 
tumor nephrectomies were evaluated. 

The NIH KPMP AKI data base was studied. We identified genes that 
were significantly up or downregulated in each population after AKI. 
We selected highest expressing genes in each category, focusing on 
the DN T cells, and confirmed their expression including Fcer1g 
using qPCR. Spatial transcriptomics in normal and AKI mouse tissue 
showed a localized cluster of T cells in the outer medulla expressing 
similar gene. Identified T cell gene signatures, were confirmed in 
Human kidney tissue using qPCR as well as the NIH KPMP data 
set. ScRNA-seq and spatial transcriptomics are useful discovery 
techniques to study T cell gene expression in normal and AKI 
kidneys, and can be validated in human samples. 
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T cell metabolic programming and protection by glutamine blockade in acute kidney injury 
Kyungho Lee, Elizabeth A. Thompson, Sepideh Gharaie, Chirag H. Patel, Johanna T. Kurzhagen, Andrea Newman-Rivera, Phillip M. Pierora-
zio, Lois J. Arend, Sanjeev Noel, Barbara S. Slusher & Hamid Rabb

Background: T cells participate in acute kidney injury (AKI) 
pathogenesis. We aimed to study kidney T cell metabolism during 
AKI and effects of glutamine blockade.

Methods: C57B6 mice had ischemic or cisplatin induced AKI. 
Germ-free (GF) mice were also studied. Mice were treated with the 
glutamine antagonist JHU083. FACS-sorted kidney T cells were 
exposed to hypoxia-reoxygenation in vitro 

Results: T cells from postischemic kidneys showed a distinct T cell 
subset with low levels of mTOR and oxidative phosphorylation-
related enzymes. Kidney T cells from GF mice exhibited global 
downregulation of multiple metabolic enzymes compared to wild-
type mice. Blocking glutamine utilization with JHU083 improved 
functional and structural renal outcomes in ischemic (serum Cr at 

24h, vehicle vs JHU083, 1.6±0.2 vs 1.1±0.1 mg/dL, P=.026; cortical 
necrosis, 6.6±0.9 vs 4.2±0.5 %, P=.039) and cisplatin-induced AKI 
(serum Cr at 72h, 2.3±0.3 vs 1.2±0.2 mg/dL, P=.016; outer medullary 
necrosis, 57.1±3.7 vs 19.9±4.5%, P<.001). CD4 T cells from post-
AKI kidneys in JHU083 treated group were skewed toward naïve 
phenotypes with lower proliferation in both ischemic (CD44, 
67.5±1.7 vs 56.3±1.9%, P<.001; CD62L, 29.0±1.6 vs 42.8±2.2%, 
P<.001; Ki67 58.7±2.9 vs 50.6±2.1%, P=.035) and nephrotoxic AKI 
(CD44, 50.2±3.4 vs 40.9±2.4%, P=.037; CD62L, 37.5±3.2 vs 52.5±3.0%, 
P=.005; Ki67, 54.4±3.6 vs 43.8±2.7%, P=.031). In vitro hypoxia-
reoxygenation upregulated glycolysis-related enzymes in kidney T 
cells, and JHU083 inhibited CD3/CD28 stimulated proliferation.

Conclusions: AKI and as well the microbiome influence kidney T 
cell metabolic programming. Glutamine blockade with JHU083 is a 
promising novel therapeutic agent for AKI. 
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Role of Double-Negative T Cells in Repair After Experimental Severe AKI
Kyungho Lee, Sepideh Gharaie, Johanna T. Kurzhagen, Lois J. Arend, Sanjeev Noel, & Hamid Rabb   

Background: Kidney double-negative (DN) T cells (CD4- CD8-) are 
unconventional αβ T cells with anti-inflammatory properties that 
protect from early injury in AKI. However, their role in repair from 
AKI is unknown. 

Methods: C57B6 mice underwent unilateral ischemia-reperfusion 
injury (IRI). DN T cells, isolated from gld mice, vehicle or Tregs were 
adoptively transferred after IRI. GFR was measured by FITC-sinistrin. 
Fibrosis was assessed with Masson trichrome staining. Profibrotic 
genes were measured with qRT-PCR. T cells from postischemic 
kidneys were studied by flow cytometry.

Results: Percentages (18.7±1.1 vs 6.9±0.5%, P<.001) and the 
numbers (5.9±0.6×104 vs 0.9±0.3×104 cells/kidney, P<.001) of DN T 
cells decreased in post-IR kidneys at 3 weeks compared to normal 
kidneys. DN T cell CD44 (95.0±0.4 vs 90.8±0.7%, P<.001) and CD69 

(94.1±0.3 vs 85.8±1.1%, P<.001) were reduced, while DN T immune 
checkpoint TIGIT (0.6±0.2 vs 2.5±0.5%, P=.005) and NK1.1 (35.9±2.6 
vs 52.4±3.5%, P=.004) were upregulated. Post-AKI transfer of DN T 
cells improved renal recovery, as did Treg transfer, with 3 week-GFR 
of 1176±27 μL/min/100g (vehicle, 1076±25, P=.001; Treg 1217±42, 
P=.399) and outer medullary fibrosis of 64.5±2.3% (vehicle, 82.0±1.9, 
P<.001; Treg 45.4±9.3%, P=.058). Tgfb1 was lower in the DN T cell 
transfer group (1.0±0.1 fold) than control group (vehicle, 1.3±0.1, 
P=.012; Treg, 0.8±0.1, P=.226). DN T cell transfer enhanced tubular 
proliferation, with higher Ki67 expression of CD45- E-cadherin+ cells 
(73.4±1.1; vehicle, 68.5±1.2, P=.011; Treg, 71.8±2.2%, P=.304).

Conclusions: Kidney DN T cells undergo quantitative and 
phenotypical changes long-term after severe AKI. Post-injury 
infusions of DN T cells, like Tregs, can hasten repair and decrease 
fibrosis.
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Immune checkpoint molecule TIGIT modulates kidney T cell memory phenotype and metabolic profile 
and mediates acute kidney injury in mice  
Sanjeev Noel, Kyungho Lee, Sepideh Gharaie, Johanna T Kurzhagen, Lois J Arend, Vijay K Kuchroo, Patrick Cahan, & Hamid Rabb  
 

Background: We unexpectedly found upregulated expression of the 
novel immune checkpoint molecule T cell immunoreceptor with 
Ig and ITIM domains (TIGIT) on kidney CD4 T cells after ischemia 
reperfusion (IR). This study explored TIGIT effect on kidney T cells, 
AKI outcomes and mechanisms.

Methods: Effect of TIGIT on murine kidney T cells was assessed by 
flow cytometry and single cell RNA sequencing (scRNA-Seq). TIGIT 
role in IR and cisplatin-induced AKI was assessed using B6 wild type 
(WT) and TIGIT knockout (KO) mice. TIGIT expression was assessed 
in AKI patients using the Kidney Precision Medicine Project (KPMP) 
scRNA-Seq dataset.

Results: IR injury increased kidney CD4+TIGIT+ effector    memory 
(EM; 79.4±3.9 vs 65.4±5.4%, p=0.05) and central memory (CM; 
10.0±2.3 vs 0.9±0.1%, p=0.001) cells compared to CD4+TIGIT- cells 
in WT mice. TIGIT KO mice had significantly reduced serum 

creatinine (SCr) after IR (24h Scr, 1.1±0.2 vs 2.7±0.1 mg/dL; p≤0.001) 
and cisplatin (72h Scr, 0.8±0.1 vs 1.4±0.1 mg/dL; p=0.0002) injury 
compared to WT mice. TIGIT KO kidneys had significantly reduced 
necrotic tubules in outer medulla after IR (48.8±4.7% vs 73.0±1.5%; 
p=0.001) and cisplatin (11.5±3.0% vs 31.3±4.0%; p=0.008) injury 
than WT kidneys. Gene set enrichment analysis showed enrichment 
of inflammatory genes in Th17 cells from WT kidney and oxidative 
phosphorylation and mTORC1 signaling related genes in Th17 cells 
from TIGIT KO kidney. Human KPMP data demonstrated significant 
TIGIT expression in kidney T/NK cells from AKI patients compared 
to controls (p≤0.0001).

Conclusions: TIGIT mediates both IR and nephrotoxic AKI in mice 
and its expression increases in kidney T cells from AKI patients. 
TIGIT is a promising novel therapeutic target for AKI, and also 
relevant due to increasing efforts to develop TIGIT blockade to treat 
cancers. 
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Analysis of a rare double positive T cell subset in normal and diseased kidneys 
Sanjeev Noel, Andrea Newman-Rivera, Kyungho Lee, Sepideh Gharaie, Shishir Patel, Nirmish Singla and Hamid Rabb

Background: We found a rare, understudied T cell in the kidney, 
TCR+CD4+CD8+ (double positive/DP) cells. We studied kidney DPT 
cells in normal and diseased murine and human kidneys.

Methods: C57BL/6J mice were studied at baseline and after ischemic 
or cisplatin induced acute kidney injury (AKI) using flow cytometry 
and single cell RNA-seq (scRNA-seq) analysis. Virus infected and 
germ-free mouse kidneys were studied. Human kidneys were studied 
in patients with renal cell carcinoma. 

Results: DPT cells constituted 0.35±0.13% of total TCRαβ+ cells in 
normal mouse kidneys and had significant (p<0.01) CD69, Ki67 
and PD1 expression. Kidney DPT cells had effector (74.7±4.0%) and 
central memory (14.5±2.1%) phenotype. DPT cells had significantly 
higher (p<0.01) IFNγ (87.32±2.805% vs 55.84±4.73), TNFα (78.28±3.46 

vs 38.05±3.93) and IL-17 (12.87±5.44 vs 0.12±0.04) expression than 
CD8 T cells.  DPT cell metabolism showed significant GLUT1, HKII, 
TOMM20 and pS6 expression. Ischemic AKI did not influence DP 
T cell proportions however cisplatin-induced AKI increased DPT 
cell percentage (0.45±0.1 vs 0.18±0.03%) and absolute number 
(183.7±40.09 vs 80.07±21.68). scRNA-seq analysis showed increased 
expression of Klf2 and Ccr7 in DP T cells compared to CD4, CD8 
and DN T cells. Viral infection and germ-free mouse kidney had 
distinct changes. Human kidneys revealed that DPT cells constituted 
3.6±1.7% of total T cells.

Conclusions: Double positive T cells constitute a small population 
of both mouse and human kidney T cells with distinct changes in 
disease. Future studies of this rare population can reveal insights 
into their roles in kidney diseases.
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Comparing Alignment of Provider- and Patient-reported Treatment Regimens with Clinical Guidelines 
in COPD
Meredith Case, Eric Boorman, Elizabeth Ruvalcaba, Michael Vest, Nadia Hansel, Nirupama Putcha, Michelle Eakin

  

Rationale: Despite widespread acceptance of treatment guidelines 
in COPD, provider adherence to guidelines is low. Patients may 
also report taking different medications than providers prescribe. 
However, it remains unknown if patient-provider discordance 
affects overall alignment with guidelines. The purpose of this study 
is to examine differences between provider- and patient-reported 
regimens and determine whether these differences bring patients 
closer to guideline-aligned care.

Methods: In the Medication Adherence Research in COPD study, 
patients completed a baseline survey assessing demographics, 
clinical characteristics, and medication regimen. Providers were 
contacted to obtain the prescribed medication regimen. Provider- 
and patient-reported regimens were compiled into therapeutic 
classes. Alignment of both regimens with GOLD guidelines was 
determined, with non-aligned regimens further stratified into 
overuse and underuse categories. Concordance between provider- 
and patient-reported regimens was determined using a Kappa 
statistic. 

Results: 183 patients were included in this analysis. Overall, 53% 
of provider-reported regimens were in alignment with guidelines. 
90% of non-aligned provider-reported regimens reflected overuse 
of pharmacotherapy. Kappa statistics for concordance by regimen 
ranged from 0.31 (ICS) to 0.62 (LAMA/LABA). 46% of patients 
reported a different regimen than the provider reported, with 34% 
reporting not taking a LAMA and/or LABA that was prescribed for 
them. 13% of patients reported a difference in medication regimen 
that took them out of alignment, whereas 2% reported a difference 
that brought them into alignment. 

Conclusions: Approximately half of provider-reported regimens were 
in alignment with guidelines. Most differences between provider- 
and patient-reported regimens resulted in patients being further out 
of alignment with guidelines.  
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StomachSim: an in-silico simulator of gastric biomechanics
Sharun Kuhar, Jung-Hee Seo, Pankaj J. Pasricha, Rajat Mittal

 
Aim: We aim to demonstrate the application of our in-silico 
simulator – StomachSim – to predict the effects of gastroparesis and 
pyloroplasty on gastric mixing, emptying, and digestion.

Methods: A physiologically realistic model of the stomach, including 
the antral motility, is synthesized based on in-vivo imaging, and the 
mixing and gastric emptying are simulated using computational 
fluid dynamics (CFD). The enzymatic biochemistry for protein 
hydrolysis is incorporated by the secretion of pepsin from the 
proximal stomach walls and the subsequent enzymatic reaction with 
the protein dissolved in the liquid meal.

Results: The emptying rate of our model for the healthy case agrees 
with in-vivo measurements of similar caloric density liquid meals. 

A stomach with a 50% lower motility amplitude had a 35% lower 
net emptying rate and a 41% lower emptying rate of the hydrolyzed 
protein. For a simulated pyloroplasty procedure where the pyloric 
orifice diameter is widened from 2 mm to 4 mm and which leads to 
a permanently open orifice, the emptying rate of the lower motility 
case more than doubled over its original value.

Conclusion: StomachSim offers a novel approach for examining the 
effect of gastric conditions and gastric surgical procedures on gastric 
function. Our simulations show that gastroparesis and pyloroplasty 
not only affect the emptying rate but also alter the mixing of the 
contents and the time the contents spend in the antrum.

*The authors acknowledge support from NSF award 2019405 and 
NIH award 1R21GM139073-01.
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Influence of Neighborhood Socio-Economic Deprivation on Effectiveness of an Intensive Lifestyle 
Intervention
SY M, Scott J. Pilla, Yeh HC, Baptiste-Roberts K, Gary-Webb TL, Vaidya D, Clark JM

Methods: Look AHEAD randomized patients with overweight/obe-
sity and type 2 diabetes to an ILI aimed at weight loss, or a com-
parison group, Diabetes Support and Education (DSE). We linked 
individual-level data of participants from 4 sites to environmental 
and community data from the 2000 United States (U.S) Census to 
generate a summary score estimating neighborhood socio-economic 
deprivation. We analyzed the effect of neighborhood deprivation in 
tertiles on weight and A1c changes over the 4 years using a mixed 
effects linear model with random intercept and an interaction term 
between neighborhood, study year, and study arm.

Results: Among 1,213 participants, the mean age was 60 years, 41% 
were male, and 65%, 26%, and 4% had self-reported race/ethnicity of 
white, Black, and Hispanic, respectively. 84% had a college degree or 

greater, and 75% reported an annual income over $40,000. The mean 
A1c was 7.3% and mean BMI 36.1 kg/m2 at baseline.  The mean 
deprivation score was -5.33 (Min: -12.04; Max: -2.61) in the 1st tertile 
and 5.68 (Min: 2.01; Max:18.69) in the 3rd tertile. The intervention 
effectiveness on weight at year 1 did not differ by tertile of neigh-
borhood deprivation (1st vs 3rd tertile: -8.99% vs -9.32%, p=0.6 in 
the ILI group; 1st vs 3rd tertile: -0.19% vs -0.62%, p=0.5 in the DSE 
group), nor were there differences in effect on A1c (1st vs 3rd tertile: 
-0.71% vs -0.59%, p=0.27 in the ILI group ; 1st vs 3rd tertile: -0.13% 
vs -0.12%, p=0.96 in the DSE group). There were no statistically 
significant differences between weight and A1c changes between the 
tertiles over the 4 years. 
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QSER1 regulates expression of coagulation factor genes in hepatocytes 

William O Osburn, Emily Paris, Pablo Taledano Sanz, Leslie Cope, Marios Arvanitis, Charles J Lowenstein

Venous thromboembolism (VTE) is a significant public health 
problem affecting 900,000 people in the United States each year 
and causing up to 100,000 deaths per year. We searched for new 
pathways and novel genes that can cause VTE.  GWAS have identified 
numerous genetic loci associated with risk of VTE.  We filtered 
potential gene targets accordingly: 1) novelty, 2) liver expression, 
and 3) hepatocyte expression. SNPs in Glutamine and Serine Rich-1 
(QSER1) were associated with increased risk of VTE. QSER1 has 
been previously shown to regulate pancreatic cell gene expression 
by protecting against hypomethylation of promoter regions 
of development genes. Therefore, we hypothesize that QSER1 
epigenetically regulates coagulation gene expression in hepatocytes. 
QSER1 was knocked down in HepG2 cells, a hepatocellular 
carcinoma cell line, using siRNA. Forty-eight hours after siRNA 
transfection, gene expression of a panel of coagulation factors was 

assessed by RT-qPCR. QSER1 knockdown significantly increased 
expression of Factors V, VII, X, and XI while the other factors were 
unchanged. Additionally, QSER1 knockdown increased expression 
of 6,168 genes, including coagulation and inflammation genes, 
and decreased expression of 6,047 genes, including metabolic 
and cell cycle genes, as shown by RNA-Seq. Finally, QSER1 gene 
knockdown significantly increased methylation of CpG motifs in 472 
genes significantly up- and down-regulated by QSER1 knockdown. 
However, methylation of Factor V, VII, X, and XI genes was not 
affected by QSER1 knockdown. Taken together, these results suggest 
that QSER1 epigenetically regulates coagulation factor expression in 
the liver. Future studies will determine the intermediary steps in this 
pathway.
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Engineered tubular microchannel with micro-/nano-patterning for collective cell migration  
Tatsuya Matsubara, Chris P Millar, Chia-Yi Su, Jong Seob Choi, Chwee Teck Lim, Joon-wan Kim, Deok-Ho Kim

Migrating cells are affected by external factors such as curvature 
and surface topography, but the combined effects are not yet 
known. To unveil this combined effect, we have developed micro-/
nano-patterned microtubular structures (100 um in diameter) 
for epithelial collective cell migration. Using two-photon direct 
laser writing technology and conventional molding processes, 
polydimethylsiloxane (PDMS)-based tubular microchannels are 
fabricated with longitudinal or circumferential micro-/nano-scale 
groove patterns of various dimensions (10 um, 4 um, and 0.8 um 
in pitch and width of grooves) on the inner surface. Next, Madin-
Darby canine kidney (MDCK) cells are seeded at the entrance 
chamber, and cell migration is observed by spinning disk confocal 
microscopy with a live cell incubation system. Cell migration on 
curved surfaces with various topographies is recorded over a long 

time, time-lapse, and high resolution to analyze migration dynamics. 
The results show that the cell migration speed and morphology 
differ depending on the direction and size of the micro- and nano-
grooves. For example, cells are oriented along the tubular structure's 
circumferential grooves and axial grooves, respectively. One of 
the migration velocity evaluation results shows a difference in the 
migration velocity between cells at the leading front and following 
in microtubules with circumferentially patterned grooves and 
without grooves. On the other hand, in longitudinally patterned 
micro-/nano-grooves, following cells migrates at a similar velocity 
as the cells at the leading front. These results suggest that micro-/
nano-topography affects cells even in dimensional regions where the 
curvature is dominant.
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REST: a novel gene against atherosclerosis. Does its downregulation result in disease? 
Maria Viskadourou, Paula Reventun, Nunzio Alcharani, Pablo Toledano Sanz, William Osburn, Charles J Lowenstein, Marios Arvanitis 

Coronary artery disease (CAD) is the leading cause of death 
worldwide. Genome wide association studies (GWAS) for CAD 
have discovered multiple genes with unknown mechanisms 
that contribute to CAD pathogenesis. In this study, we sought to 
explore the GWAS association between chromosomal locus 4q12 
and CAD. Meta-analysis of expression quantitative trait locus 
(eQTL) data and multi-tissue colocalization revealed that the 4q12 
CAD locus regulates the expression of REST, a transcriptional 
repressor, in human aortic endothelial cells (HAEC). Bayesian 
and epigenetic fine-mapping prioritised 2 conserved single 
nucleotide polymorphisms(SNPs) as candidate regulators of the 
4q12 association. CRISPRi in inducibleendothelial cells confirmed 
the regulatory role of one candidate SNP, rs6853156, resulting in 
downregulation of REST. To investigate the role of REST in the 
endothelium we performed RNA-seq after silencing REST in HAEC. 

Gene set enrichment analysis showed upregulation of epithelial-
mesenchymal transition and downregulation of mitosis upon REST 
silencing, suggesting a role of REST in regulating cell fate transitions 
in the endothelium. Indeed, silencing REST in HAEC results in 
overexpression of mesenchymal proteins including TAGLN and 
ACTA2 and downregulation of endothelial proteins like PECAM-1 
and NOS3. Concordantly, REST silencing decreases proliferation 
of HAEC in vitro. Interestingly, L1CAM, a known potent inducer 
of endothelial-mesenchymal transition (endMT), was expressed in 
HAEC only upon REST silencing. Chromatin immunoprecipitation 
experiments demonstrated direct binding of REST to the L1CAM 
promoter, suggesting a potential mechanism for its effects on 
endMT. In summary, our data reveal a novel role of REST in 
endothelial function and atherosclerosis in humans.
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uSPIO Nanocarrier Platform for Pretargeted, MR-based Multimodal Imaging 
Ge Si, Sudath Hapuarachchige, Dmitri Artemov
HER2(+) metastatic breast cancer (BC) is one of the most aggressive 
and lethal cancer type amongst female. Numerous 1st /2nd line 
anti-HER2 therapies have been developed, however they lack long-
term efficacy and/or can cause severe off-target toxicity. Therefore, 
the development of novel targeted delivery strategies that minimize 
toxicity and increases therapeutic localization is critical to improve 
treatment outcomes. We have hypothesized a pretargeting strategy 
for the optimization of targeted delivery, with a simultaneous 
PET-MRI image guidance. Pretargeting delivery separates a 
traditional single targeted delivery step into a pretargeting step 
followed by the subsequent delivery of therapeutic components 
with optimized clearance and circulation time that can reduce 
off-target accumulation and associated toxicity. In the pretargeting 
step, a high-affinity mAb ligand targets HER2 markers on the 
cancer cell membrane. In the second step, carrier molecules with 

delivery components are administered and selectively react with 
the pretargeted receptors forming cross-linked cluster on the cell 
surface, facilitating rapid internalization and intracellular delivery 
of therapeutics. The simultaneous PET-MRI system is used to guide 
the pretargeting platform, with advantages including reduced 
radioactivity dose and improved soft-tissue contrast. Biocompatible 
uSPIO was delivered 20h after pretargeting trastuzumab and PET-
MRI images were acquired on a Bruker 7 Tesla PET-MRI system at 
1 to 24h post administration. A 40% T1 drop 1hr post injection was 
detected only in the pretargeted group and lasted for over 24 hours. 
PET-MRI coregistrated signal only present in the tumor region of 
pretargeted group. These suggest specific tumor retention of such 
delivery strategy.
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Air stable semiconducting ionic polymers for thermoelectric applications
Nan (Louise) Chen, Dr. Howard E. Katz

Thermoelectric (TE) devices that interconvert heat and electricity 
are the promising tools to harvest waste heat and solve energy 
problems. The current TE market is dominated by inorganic 
materials e.g., Bi2Te3 due to their excellent TE performance; 
however, the issues of inorganics that involve material toxicity, 
rigidity, heavy weight and energy-intensive processing techniques 
are limiting the wide applications of TE devices. Choosing organic 
materials that are light weight, mechanically flexible, abundant and 
require low-temperature processing, as in our research focus, is 
paving the path to sustainability and opening up opportunities for a 
variety of applications such as electronic wearables and sensors. 
The main topic of my research is centered on designing and 
developing air- stable ionic semiconducting polymer systems. 
In addition, we aim to design and develop TE sensors that can 

detect high electric-field utilizing air-stable semiconducting ionic 
polymers, a novel type of organic semiconductors, processed via a 
facile, solution-processing technique. Currently, we are investigating 
our ionic polymer TE performance by applying high voltages 
(500V-2000V) laterally across the ionic polymer sample surface. The 
change in TE properties after the high E-field application will help 
us probe further into the ionic movement of the polymeric systems 
thermodynamically and kinetically. The thermoelectric sensor for 
high E-field detection can be incorporated into devices that can 
detect planetary objects in the outer space as well as microscale 
biological systems. 
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Development and validation of a novel non-invasive imaging technique to measure pancreatic ductal 
pressure and predict response to endoscopic interventions
Venkata S. Akshintala, Jung-Hee Seo, Sana F. Memon, Anmol Singh, Ayesha Kamal, Mouen A. Khashab, Rajeev Menon, D. Nageshwar Reddy, 
Vikesh K. Singh, Rupjyoti Talukdar, Atif Zaheer, Ashirwad Pasumarthy, Rajat Mittal, Sundeep Lakhtakia

Background: Chronic pancreatitis (CP) patients have abdominal pain 
which can be from obstructive pathologies causing pancreatic ductal 
(PD) hypertension or pancreatic neuropathy. Invasive interventions 
such as endoscopy/ERCP relieve PD hypertension but have little 
effect on neuropathy. There is no available technology to measure 
PD pressure and predict response to interventions. We aim to 
develop an MRI-MRCP-based technology to measure the intraductal 
PD pressure and validate using ERCP-based direct PD pressure 
measurement using a pressure sensor guidewire.

Methods: Patients underwent secretin-stimulated MRI-MRCP and 
ERCPs with PD stent placement. MRCP images were segmented 
using MIMICS software to generate a 3D model of the PD (Fig) and 
using principles of computational fluid dynamics, the pressure 
gradient along the PD was calculated. 

Results: Of the 6 patients recruited, 3 reported severe pain. 2 of 
the 3 patients with severe pain had a higher mean PD pressure 
compared to patients with mild symptoms [19.1 mm Hg vs 7.3 
mm Hg, p = 0.04]. MRCP-based PD pressure gradient simulations 
were comparable to the direct PD pressures from ERCP (p = 0.028). 
Patients with a high-pressure gradient on MRCP simulation 
responded to endoscopic interventions but one patient with severe 
pain and a low-pressure gradient continued to have pain after the 
endoscopic intervention.

Conclusion: This novel MRCP-based technology can quantify 
PD pressure non-invasively and predict response to endoscopic 
intervention and thus help identify CP patients likely to benefit from 
such interventions. 
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Investigator-determined Categories for Fever of Unknown Origin (FUO) Compared to International 
Classification of Diseases-10 Classification of Illness: A Systematic Review and Meta-Analysis with a 
Proposal for Revised FUO Classification 
William F. Wright, DO, MPH, Jiangxia Wang, MA, MS, Paul G. Auwaerter, MD 

Background: Classifying fever of unknown origin (FUO) into 
categorical etiologies (i.e., infections, non-infectious inflammatory, 
oncologic, miscellaneous, and undiagnosed disorders) remains 
unstandardized and subject to discrepancies. As some disease 
classifications change, a systematic review of studies would help 
physicians anticipate the frequency of illness types they may 
encounter that could influence care.

Methods: We systematically reviewed prospective FUO studies. 
Literature published across Medline (PubMed), Embase, Scopus, 
and Web of Science databases from January 1, 1997, to July 31, 2022, 
were included. We performed a meta-analysis to estimate associated 
pooled proportions between the investigator-determined choice 
of disease category and those as determined by the International 
Classification of Diseases, 10th edition (ICD-10) methodology. 

Results: The proportion of patients with a difference between the 
investigator and ICD-10 adjusted non-infectious inflammatory 

disorder category was 1.2% (95% CI: 0.005-0.021, p<0.001), and 
similar for the miscellaneous category at 1.5% (95% CI: 0.007-0.025, 
p<0.001). The miscellaneous and non-infectious inflammatory 
disorders categories demonstrated significant across-study 
heterogeneity in the proportions of patients changing categories 
with 52.7% (p=0.007) and 51.0% (p=0.010) I2, respectively.

Conclusions: Adjusting FUO-associated diagnoses by ICD-10 
methodology was associated with a statistically significant 
risk of over- or underestimation of disease category frequency 
approximation when using a five FUO category system. A FUO 
diagnostic classification system that better reflects mechanistic 
understanding would assist future research and enhance 
comparability across heterogenous populations and different 
geographic regions. We propose a new FUO classification scheme 
that may be useful, including for clinicians needing to make empiric 
therapeutic decisions. 
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Impact of Medically-tailored Meals on Clinical Outcomes among Low-income Adults with Diabetes: A 
Pilot Randomized Trial
Jeanne M. Clark, May Thu Thu Maw, Kathy Pettway, Geetanjali Chander, Susan Elias, Sam Zisow-McClean, Nisa M. Maruthur, Raquel Greer

Background: Low-income adults with diabetes experience significant 
barriers to healthful eating, including limited knowledge and skills 
around diet, and limited access to healthy foods. We conducted a 
pilot randomized controlled trial to examine the impact of medical-
ly-tailored meals (MTM) with Medical Nutrition Therapy (MNT) on 
clinical outcomes among low-income adults with type 2 diabetes.

Methods: We recruited English-speaking adults with type 2 diabetes 
(DM) and A1c >8% from Maryland Medicaid plans using mailed 
brochures or provider referral and follow-up phone calls. We exclud-
ed anyone unable to safely consume the MTM. Eligible individuals 
were randomized to usual care or an intervention involving home 
delivery of 12 medically tailored, frozen meals and a fresh produce 
bag weekly for 3 months, and individual phone calls with a Regis-
tered Dietitian monthly for 6 months. Our outcomes were change 
from baseline to 6 months in A1c (primary), body mass index (BMI), 
blood pressure and diabetes-related quality of life, knowledge and 
self-efficacy (secondary).

Results: Of 1537 adults assessed for eligibility from January 2020 to 
March 2022, we randomized 73 into the study, of whom 57 (78%) had 
complete data on the outcomes of interest. Their mean age was 48 
years, 40% were male, 77% Black, 47% had…
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Digitally phenotyping early social communication behaviors predictive of later ASD: a novel multi-
class, multi-label classification approach using short 2D videos
Rachel Reetzke, Anshul Shah, Ryan Roemmich, Brianna Hicks, Jan Stenum, Soumyajit Ray, Jessica Morrel, Rama Chellappa, & Rebecca Landa

Early identification of autism spectrum disorder (ASD) is critical for 
timely access to early intervention. Despite recent progress in digital 
autism phenotyping, there are no established objective methods to 
measure core ASD features. Using an interdisciplinary approach, 
we aim to develop an automated, digital, movement-based measure 
to improve the early identification of core social communication 
behaviors. Participants in the current sample include 48 toddlers at 
elevated and low likelihood for ASD randomly selected from a larger 
cohort. At 36 months, participants were categorized into two groups: 
ASD (n=24) or non-ASD (n=24) based on the ADOS, DSM-5 ASD 
criteria, and clinical best estimate. Input to our pipeline consists of 
output from short video clips (~3 minutes) from child assessments, 
including the child pose, examiner pose, and location of salient 
assessment objects. We explore the use of LSTMs (hidden state) and 

Transformers (CLS token embedding) to handle behavioral temporal 
dependencies on context; which are in turn used to determine per-
label probabilities by the final MLP. Our preliminary results show 
that even training on a subset of data gives ~75 mAP (mAP; a metric 
commonly used by the machine learning community for multi-label 
classification tasks), with average precision (AP) as high as 90 for 
gaze to objects.  Further, we found use of a temporal context of 5-10 
frames helps in better learning. Our current movement-based model 
recognizes subtle differences in social communication behaviors 
that differentiate 14-month-olds with and without later ASD. We 
anticipate that as our sample size grows, results will improve.
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Disruption of CaMKII Activation Is Beneficial in Cardiac Disease
Jonathan Granger, Klitos Konstantinidis, Elizabeth Luczak

   
Calcium/Calmodulin-dependent protein kinase II (CaMKII) 
overactivation has been implicated in numerous forms of cardiac 
disease. It requires calcium and calmodulin in order to shift into its 
active conformation, and can also act independent of calcium via 
autophosphorylation after this conformational shift. CaMKII activity 
can also be regulated via modifications to other amino acid residues 
in its regulatory domain. One such residue is M308, a methionine 
located in the calmodulin binding domain of CaMKII that is crucial 
to activation of CaMKII. MICAL1, a methionine monooxygenase, 
is known to oxidize M308 which greatly decreases calmodulin’s 
binding affinity and leads to a decrease in CaMKII activity. Mutation 
of M308 to a valine (M308V) results in a similar decrease in 
calmodulin binding and CaMKII activity as oxidized M308. Loss of 
MICAL1 in mice has been shown to increase CaMKII activity, leading 

to increased mortality following transverse aortic constriction 
(TAC) surgery. Crossing M308V knockin mice with MICAL1 KO 
mice resulted in decreased post-TAC mortality, suggesting CaMKII 
plays an important role in cardiac remodeling in pressure overload. 
Additionally, M308V mutation via CRISPR has been shown to be 
anti-arrhythmic in hiPSCs from patients with catecholaminergic 
polymorphic ventricular tachycardia (CPVT). Calsequestrin 2 
(Casq2) KO mice exhibit similar arrhythmias after administration 
of epinephrine and caffeine. Crossing these mice with M308V mice 
prevents the induction of these arrhythmias suggesting that CaMKII 
is critical for the development of CPVT.  In conclusion, our data show 
that regulation of CaMKII activity via oxidation of M308 plays an 
important role in cardiac remodeling after injury and arrhythmia 
generation.
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NCC regulation by WNK/SPAK pathway is influenced by alkalosis
Lama Al-Qusairi, Ella Shin, Paul A Welling

The WNK/SPAK "potassium-switch" pathway provides a homeostatic 
mechanism that activates the sodium chloride cotransporter, NCC, 
to limit urinary potassium excretion in dietary potassium deficiency 
at the expense of increasing salt-sensitivity and blood pressure. 
Although it is well understood that high dietary potassium turns off 
the switch and decreases NCC activity, several reports suggest the 
counter anion in potassium-rich diets may influence the pathway. 
The goal of the present study was to determine if the chronic 
response to a high K+ diet depends on the counter anion. Wild-type 
mice were randomized to control (1%K+), KCl: 5%K+, KHCO3: 5%K+ 
diets, and physiological, molecular, and imaging analyses were 
performed. In contrast to the classic response to a high KCl diet, 
which reduced NCC phosphorylation and membrane localization, 
NCC phosphorylation and apical localization were increased by 

the high KHCO3 diet. This response was paralleled by increased 
phosphorylation of the downstream potassium-switch kinase, SPAK, 
which in turn phosphorylates NCC. Immunofluorescence imaging 
revealed that WNK4 bodies were more numerous and larger in the 
KHCO3 than control, consistent with the activation of upstream 
WNK signaling. In addition, mice on KHCO3 retain more Na+ than 
mice on control or KCl diets, paralleling enhanced NCC activation. 
Unlike mice on the high KCl, mice on the high KHCO3 develop and 
maintain metabolic alkalosis and normal plasma potassium. In 
summary, these observations identify an unexpected NCC activation 
mechanism that may limit distal sodium delivery to prevent 
excessive potassium losses when alkalosis super activates potassium 
secretion in more distal segments. 
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Simulated Microgravity Attenuates Myogenesis and Contractile Function in 3D Engineered Skeletal 
Muscle Tissues 
Zhanping Ren, Eun Hyun Ahn, Minjae Do, Devin Mair, Amir Monemianesfahani, Peter H.U. Lee, and Deok-Ho Kim 

While the effects of microgravity on skeletal muscles and the 
resulting atrophy have been extensively studied, the impact of 
microgravity on myogenesis and its mechanisms remain unclear. In 
this study, we developed a microphysiological model of engineered 
muscle tissue (EMT) fabricated using a collagen / Matrigel composite 
hydrogel and murine skeletal myoblasts. This 3D EMT model 
allows real-time non-invasive quantitative assessment of contractile 
function. After applying a 7-day differentiation protocol to induce 
myotube formation, the EMTs clearly exhibited sarcomerogenesis, 
myofilament formation, and synchronous twitch and tetanic 
contractions with electrical stimuli. Using this 3D EMT system, we 

investigated the effects of simulated microgravity (s-μG) at 10-3 G on 
myogenesis and contractile function. EMTs cultured for 5 days in 
s-μG exhibited significantly reduced contractile forces, myofiber size, 
and differential expression of muscle-specific and mitochondrial 
biogenesis-related proteins. These results indicate s-μG attenuates 
myogenesis, resulting in impaired muscle function. 
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Developing an Implementation Science Framework for a Community Based Maternal Health Equity 
Intervention 
Marcelina Kubica, Rebecca Richman, Lois Dankwa, Jazmyn Covington, Lindsay Martin, Kelly Bower, Wendy Bennett  

Black and Latina women have the highest rates of obesity in the 
United States. Few interventions aimed at reducing obesity-related 
cardiometabolic complications of pregnancy focus on Black and 
Latino people or are integrated into community settings. Applying 
implementation science (IS) when testing interventions accelerates 
learning and facilitates their translation into practice. We aimed to 
develop an IS framework specific to implementing and evaluating 
a lifestyle intervention in a community setting in pregnancy and 
postpartum, i.e. early childhood home visiting (HV) programs. Our 
multidisciplinary team included an implementation scientist, a 
doctoral candidate in IS, and maternal and child health practitioners 
and researchers. We reviewed evaluation and determinant IS 
frameworks, applying three selection criteria: applicability to 
community settings, ability to identify variability in implementation 
between HV programs, and relevance to maternal health 
equity. These criteria guided selection of frameworks to inform 

measurement approaches and sustainability. The framework applied 
included elements of evaluation and determinant IS frameworks. 
We used the Practical, Robust Implementation and Sustainability 
Model (PRISM) (domains: organizational perspective, organizational 
characteristics, external environment, adoption, implementation, 
maintenance, reach and effectiveness) with domains from the 
Consolidated Framework for Implementation Research (CFIR) 
(domains: outer setting, inner setting, engaging, reflecting and 
evaluating). The adapted PRISM framework with CFIR domains will 
guide our selection of measures to assess the implementation of a 
community-based lifestyle intervention in HV programs. Applying 
the framework will enhance the intervention’s reproducibility and 
sustainability. Our framework could be useful for other community-
engaged researchers because we evaluate factors influencing 
implementation across multiple community organizations.
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Preventing PDMS Drug Absorption through PDMS-PEG Additive and Drug Pretreatment 
Devin B. Mair, Marcus Alonso Cee Williams, Jeff F. Chen, Alex Goldstein, Nathan Sniadecki, Deok-Ho Kim

PDMS is widely used in fabrication of micro-physiological and 
microfluidic systems due to its beneficial properties such as gas 
permeability, tunable stiffness, ease of use, relatively low cost, and 
by being bioinert. However, the hydrophobicity of PDMS can lead 
to small molecule absorption and adsorption during experiments, 
leading to erroneous drug screening results and undermining its 
applications. Alternative materials, such as elastomers and

hydrogels, have thus far been unable to attain all the benefits of 
PDMS, and conventional methods for preventing absorption such 
as plasma treatment and surface coating are limited due to high 

equipment costs. To rectify this problem, we discovered a method 
utilizing a PDMS-PEG block copolymer that is able to decrease 
drug absorption by a mean of 92% without additional steps and 
requiring no additional equipment. We then confirm that it 
enabled more accurate drug screening in a Engineered Heart Tissue 
microphysiological system. 
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Toward developing a computational strategy to assess medication regimen complexity
Yuzhi Lu, Ariel Green, Rosalphie Quiles Rosado, Casey Overby Taylor

Understanding medication regimen complexity is important 
to understand what patients may benefit from pharmacist 
interventions. One common strategy is the medication regimen 
complexity index (MRCI), a 65-item tool to quantify the complexity 
of medication regimens by incorporating the number, dosage form, 
frequency, and special administration instructions of prescription 
medicines. 

The goal is to construct and validate a computational strategy that 
takes the prescription data of one or more patients as input, and 
automatically calculates MRCI scores for each patient.  

The computational strategy uses keywords extracted from MRCI 
65-item table implemented in Python regular expressions to screen 
dosage form and frequency. The National Drug Codes were also used 
to determine the dosage form of the medications. 

We tested our strategy with data from 25 patients that were 
part of an existing pilot study. Eligible patients were age ≥65 
with Alzheimer’s disease and related dementias, and ≥5 chronic 
medications. Medication prescriptions were captured at enrollment 
and 3 months after. The MRCI scores calculated using our strategy 
was compared to the manually calculated scores (ground truth GT) 
for these patients. Findings were grouped into exact match, good 
match (ground truth ±15%) and fair match (ground truth ±30%). 

The performance of our computational strategy to calculate MRCI 
score was: 8% exact match, 60% good match and 78% fair match. 
Future work will assess the usefulness of this strategy for study 
coordinators seeking to assess patients for medication regimen 
complexity. If found useful, we will create a portable, open-source 
Python module for clinical research use...
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Dynamic uncertainty quantification of transit times through complex systems using an adaptive 
non-parametric Bayesian framework
Esther Xu Fei, Ciaran Harman, Fei Lu

The transport of material through systems with complex internal 
structure can often not be observed directly, but only inferred from 
examination of the input and output time series. In the specific case 
of approximately-conservative material transported by bulk flows 
(such as water, blood, gasses), transit time distributions can be 
used characterizes the internal transport process within the system 
and provides information such as turnover rate of given material, 
predictions of material mass in the outflows, estimation of material 
remaining in the system, etc. However, the traditional transit time 
approach breaks down when the bulk inflow and outflow rates are 
time-variable, or when the internal transport processes themselves 
change in time. StorAge Selection (SAS) functions have been 
proposed as a formalism to generalize the transit time approach to 
fully-time-variable systems. SAS function captures the preferential 
sampling of outflow from storage and the resulting transit time 

distributions of the system using a dynamic mass-conservative 
model of the material demographics in storage. Due to the 

flexibility in its design, it has wide real-world applications in solving 
problems such as substance profusion, dilution, and decay in the 
field of pharmacokinetics, turnover rate of pollutants in the field 
of environmental engineering, and inventory control in the field of 
transportation. Our research focus on two main contributions of SAS 
theory. First, SAS approaches typically require the functional form 
of the SAS function to be specified a-priori, which limits its ability to 
fully explore the state space within the system storage. We therefore 
proposed MESAS, Multiscale Estimation of StorAge Selection, as 
a non-parametric self-adaptive model that learns the shape of the 
SAS function from outflow material data along with other flux 
observations without requiring a-priori statistical distribution. 
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Predicting post operative pain and chronic opioid use through Machine Learning
Nidhi Soley MS, Casey Overby Taylor PhD

Opioids are essential for managing postoperative pain. Our objective 
is to develop machine learning models to predict postoperative 
pain and chronic opioid use in patients undergoing five types of 
surgery-: general, orthopedics, neuro, vascular, and thoracic surgery. 
To develop the models, we used a dataset of 227 patients on the All 
of Us research platform who underwent 1 of 5 types of surgeries, 
shared the wearable device data within 6 weeks prior to surgery, 
and were 100% consistent in wearing the device. The data includes 
patients’ demographic features, socio-economic factors, comorbid 
conditions, social behavioral history, mental health history, lab 
measurements, heart rate, physical activity data from Fitbit, and 
other factors that could influence postoperative pain and opioid 
requirements. We created training (80%) and validation (20%) 

datasets. Using the training dataset, machine learning models 
were developed to predict two outcomes independently: (1) level of 
postoperative pain (after 6 weeks of the surgery) - mild, moderate, 
and severe, and (2) chronic opioid requirements (after 6 months of 
the surgery) - weak and strong. The evaluation was performed on 
the validation dataset. Prediction accuracy was used to differentiate 
model performances. The four types of models that we developed—
Logistic Regression (67%), Naïve Bayes (65%), Random Forest (70%), 
Extreme Gradient Boost (75%) for pain level outcome. The top three 
features contributing to the model with the highest accuracy are 
time spent in lightly intense activities, very intense activities, and 
sedentary activities like standing or sitting obtained from the Fitbit 
device. 
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In-silico biomarker predictions for anti-PD-1 immunotherapy in metastatic triple negative breast 
cancer using a transcriptome-informed systems pharmacology model 
Theinmozhi Arulraj, Hanwen Wang, Leisha A. Emens, Cesar A. Santa-Maria and Aleksander S. Popel

Triple negative breast cancer (TNBC) is an aggressive subtype of 
breast cancer, characterized by a high propensity for metastatic 
spread and has limited treatment options. Immune checkpoint 
inhibitors have demonstrated promising outcomes in the treatment 
of metastatic TNBC but offer durable responses only in a limited 
number of patients. Thus, there is an unmet need in identifying 
predictive biomarkers for selecting patients most likely to derive 
clinical benefit. We present a quantitative systems pharmacology 
(QSP) model with metastatic tumors calibrated using clinical data 
and immune cell abundances estimated from transcriptomic 
data. We conducted in-silico clinical trial with the QSP model to 
investigate (anti-PD-1) pembrolizumab monotherapy as a second/
third line treatment for metastatic TNBC. We performed an extensive 
search of cellular and molecular components of the QSP model to 

identify and rank potential biomarkers. We predict that the density 
of antigen presenting cells in lymph nodes, richness of cancer 
clones, fraction of cytotoxic T cells in lymph nodes or in the blood, 
could serve individually as potential biomarkers but have a higher 
predictive power as combinations of two biomarkers. We find that 
PD-1 inhibition has diverse effects on the tumor microenvironment 
but ultimately increases the ratio of anti-tumorigenic and pro-
tumorigenic cells. Collectively, these findings suggest potential 
biomarkers that would enable a prospective identification of 
responders to pembrolizumab monotherapy. We expect that the 
developed QSP platform will be useful in the optimization of 
different treatment strategies in the metastatic setting of various 
cancer types. 
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Optimal Timing and Use of Patient-Reported Outcomes for Prediction of Aromatase Inhibitor Discon-
tinuation Among Women with Hormone Receptor-Positive Breast Cancer
Ilia Rattsev, Vered Stearns, Amanda L Blackford, Karen L Smith, Daniel L Hertz, James M Rae, Casey Overby Taylor   

Clinical research datasets that include data types that are not 
traditionally used in the care of patients, such as genetics and 
patient-reported outcomes, hold promise to investigate the value of 
those data to predict patient outcomes. This work aimed to build 
machine learning models to predict risk of discontinuing adjuvant 
aromatase inhibitor therapy, and to quantify the difference in 
performance when patient-reported outcomes are incorporated. 
Furthermore, given that symptoms may emerge over the course of 
treatment, we assess model performance at treatment initiation, 
as well as at 3-, 6-, and 12-month follow-ups. To assess whether 
incorporation of prior knowledge improves model’s performance, 
we compared the models constructed cross-sectionally at each 
follow-up with the models incorporating longitudinal changes 
in patient-reported outcomes and BMI. Findings indicate that 
the baseline model cannot distinguish between the patients who 

discontinue the treatment and those who do not, with discriminative 
power of the models improving at follow-ups. The best-performing 
model incorporates prior knowledge of longitudinal measures 
and is implemented at 3 months follow-up, providing sensitivity 
of 0.84 and positive predictive of 0.60 on the internal validation 
cohort. We conclude that incorporation of longitudinal patient-
reported outcomes is key for identifying patients at high risk of 
discontinuation. The results of feature importance and sensitivity 
analyses indicate that age at therapy initiation, patient-reported 
outcomes and genetic factors have a high impact on model’s 
decision-making. Our findings suggest that patient-reported 
outcomes and genetics are important for prediction and may be of 
value as a part of patient’s medical record. 
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Will the Doctor “See” You Now? The Development and Implementation of a Targeted Telemedicine 
System for Primary Care
Jeremy A. Epstein MD, Zoljargal Lkhagvajav MPH MD, Tempest Young BS, Amanda Bertram MS, Hsin-Chieh Yeh PhD, Casey Overby Taylor 

PhD

Objectives: The COVID-19 pandemic led to rapid adoption of 
telehealth. For underserved populations who may lack internet 
access and technology literacy, telemedicine is completed by phone 
rather than video. The latter is presumed more effective and better 
approximation of in-person visits. We sought to provide telehealth 
platform to overcome barriers for underserved groups to hold video 
visits with their providers and evaluate differences between two 
modalities from physicians' and patients' perspectives.

Methods: We designed accessible and easy-to-use tablet solution 
for video visits and deployed it in pilot setting with patients who 
otherwise would have audio-only visits. Patients were consented to 
participation and randomized in 1:1 fashion to continue with phone 
visit (control) versus receiving tablet for video visit (intervention). 
Participants and providers completed communication and 
satisfaction surveys. To understand factors that may influence 
adoption of tablet solution, we assessed decline reasons to 
participate in our study. 

Results: Tablet and connectivity design features included: Removal 
of all functions but for telemedicine program, LTE always-on 
wireless internet, absence of external equipment, and no registration 
requirement. 18 patients were enrolled. Intervention patients with 
video-enabled devices compared to control patients were more 
satisfied with their visits (4.75/5 vs 3.75/5, p=0.02). Reasons for 
declining to participate included: Discomfort displaying self on 
video, unfamiliarity with computers, and preference for telephone 
communication.

  

Conclusion: The delivered simplified tablet solution for video visits 
holds promise to improve access to video visits for underserved 
groups. Strategies to facilitate patient acceptance of devices are 
needed to expand scope and potential impact. 

gate the physiologic mechanisms through which these associations 
may occur.
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The Heart Failure with Preserved Ejection Fraction (H2FPEF) Score Has Limited Predictive Ability in 
Systemic Sclerosis Patients
Ethan Knight, BS and Vivek Jani, MS; Christine Farrell, MD; Steven Hsu, MD; Laura K. Hummers, MD, ScM; Fredrick M. Wigley, MD; Paul M. 
Hassoun, MD; Ami A. Shah, MD, MHS; Stephen C. Mathai, MD, MHS; and Monica Mukherjee, MD, MPH   

Heart Failure with Preserved Ejection Fraction (HFpEF) is highly 
prevalent in systemic sclerosis (SSc) and associated with diminished 
outcomes. Current scores to predict HFpEF, like the H2FpEF score 
may not apply to this population. The objective of this study was to 
assess the H2FpEF score in the prediction of SSc-HFpEF.

A total of 421 distinct SSc patients were identified from 07/03-07/20 
Johns Hopkins Scleroderma Registry and adjudicated based on 
RHC-confirmed HFpEF, defined as resting pulmonary capillary 
wedge pressure (PCWP) ≥ 15 mmHg. For each patient, the H2FpEF 
score was calculated as previously described by Reddy et al. The pre-
dictive capability of the H2FpEF was assessed by receiver operating 
characteristic (ROC) analyses.

In our cohort, 71/421 (17%) patients had PCWP ≥ 15 mmHg. H2FpEF 
scores were able to be calculated in 394 patients. The mean age and 
BMI were 60±13 yrs and 26±7 kg/m2, respectively. Mean echo-derived 
RVSP was 53±23 mmHg, and mean E/e’ was 13±7. Comparisons of 
these covariates in SSc patients are summarized in Table 1. Notably, 
patients with SSc-HFpEF had increased BMI (p=0.002) compared to 
those without HFpEF. We next assessed the predictive capability for 
SSc-HFpEF of the calculated H2FPEF score and identified an AUC of 
0.60 (95% CI: 0.53-0.68).

In a large well-characterized cohort of SSc patients with RHC-con-
firmed HFpEF, we demonstrate poor predictive power of the H2FpEF 
Score suggestive of a unique phenotype in SSc. 
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A 3D Printing Nozzle with Adaptive Size and Shape
Seok Won Kang and Jochen Mueller

Most extrusion-based 3d printers extrude filaments of constant 
diameter and shape; however, a fixed diameter creates a trade-off 
between high resolution, requiring small diameters, and high speed, 
requiring large diameters. This becomes particularly problematic 
when printing multiscale architectures containing detailed features. 
Recent developments have introduced filaments with varying 
diameters through over- and under-extrusion, but this method can 
cause imperfections due to limited control from viscous instabilities. 
Others designed diameter-varying nozzles, but their bulkiness limits 
their use in many applications. Here, we introduce a new adaptive 
nozzle (AN) that can seamlessly change the diameter and cross-
sectional shape on-the-fly with a minimalistic design for fitting a 
wide range of applications. The AN consists of eight individually 
controllable pins arranged in a circular configuration. By actuating 

the pins, we can change the diameter and the cross-sectional shape. 
The AN also has a skin that stretches between the pins, which is 
flexible enough to be stretched and stiff enough to withstand the 
pressurized ink. Our minimalistic design includes a tapered angle 
that is beneficial for extruding shear-thinning inks common in 
3D printing and a sharp tip that allows for printing in constrained 
areas, which is especially important for embedded printing. To 
demonstrate the capabilities of our AN 3D printer, we fabricate 
various parts without inter-filament imperfections common in fixed-
nozzle systems and multiscale structures containing thin and thick 
branches alike. Our platform expands the capabilities of extrusion-
based 3d printers, particularly in the bioprinting of cell-laden, 
hierarchical implants with a bone-like micro-architecture, among 
other examples. 
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Comparing the prevalence of prevention measures among a BRCA testing cohort with and without 
indicators of cascade testing
Kevin Gorman, Xuyang Li, Carolyn Applegate, Casey Overby Taylor

When genetic testing of one member of a family leads other 
members of that family to seek information about their own genetic 
risk, it is referred to as genetic “cascade testing”. It can include 
medical screening, counseling, or genetic testing for the causative 
genetic variant in the family. Genetic cascade testing is often difficult 
to measure due to missing information on family relationships in 
the medical record. To our knowledge, there have been no large-
scale retrospective studies of genetic cascade testing in families 
with BRCA1/2. We use the MarketScan® Commercial Claims and 
Encounters Database, which includes insurance claims data for 

millions of privately insured Americans, to study this. We use 
insurance plan IDs to find family members on the same insurance 
plan to identify cascade testing in families with BRCA1/2 test 
results. Our expected results will include the rate of genetic cascade 
testing for this population and the preventative measures taken by 
these individuals. We will report the mammography, breast cancer 
screenings, surgical prevention, and preventative medication 
utilization rates. Understanding how to identify genetic testing 
cascades can help to monitor its prevalence and measure its 
benefits.
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A cost-effective and non-invasive assessment of hand perfusion for accurate triaging of hand injuries 
in resource-limited settings
Mantej Singh, Naomi Kiffle, Nicholas Durr 

Timely and accurate triaging of hand injuries is crucial in improving 
the clinical outcome of a patient. There are a limited number of 
hand trauma centers regionalized across the United States, requiring 
long-distance transport of the patient from the injury site. First 
responders must quickly and accurately determine the severity of 
the injury and route the patient to the appropriate clinical facility. 
One important metric for determining the severity of a hand injury 
is to determine the perfusion of the blood through it i.e., the passage 
of blood flow through the hand. Current methods of determining 
hand perfusion are inaccurate due to pigmentation in the skin, 
lighting conditions, and blood from the injury obscuring the skin. 
Consequently, inaccurate triaging of hand injuries is common, 

leading to delays in providing care to missed critical injuries and 
overuse of medical resources for non-critical injuries.We propose 
an imaging setup that non-invasively records a video of the back of 
the patient’s hand and uses the Euler Video Magnification (EVM) 
algorithm to magnify and reveal subtle color changes in the hand 
as blood flows through it. We use this to extract the patient’s heart 
rate and underlying photoplethysmography (PPG) data. Our system 
runs on a standard phone camera and is robust to different skin 
types. The data our system generates can aid first responders and 
hand surgeons in determining the amount of perfusion in the hand, 
leading to better patient outcomes and efficient use of medical 
resources.
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Understanding impact of BRCA testing on healthcare utilization and clinical outcome
Xuyang Li, Kevin Gorman, Ilya Shpitser, Carolyn Applegate, Casey Overby Taylor
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Clinical Outcomes Among In- and OutPatients with MPOX in an Urban Health System 
William Garneau, MD MPH, Joyce L. Jones, M.D., M.S., Gabriella Dashler, BS, Nathan Kwon, BS, Matthew Hamill, M.B.Ch.B., Ph.D., M.P.H., 
M.Sc., Elizabeth Gilliams, M.D., M.S., M.Sc., David Rudolph, M.D., Jeanne Keruly, MSN, CRNP, Eili Klein, Ph.D., M.A., Bhakti Hansoti, 
M.B.Ch.B., Ph.D., M.P.H., Kelly Gebo, MD, MPH

Clinical guidelines and previous studies suggested that the utility 
of BRCA1/2 testing is a determinant of patient’s prevention and 
treatment measurements for BRCA related cancers, especially 
breast cancer. As expanded offering of BRCA1/2 testing to a large 
population that are potentially eligible could pose a burden to 
clinical resources, there is a need to better understand the impact of 
BRCA1/2 testing on clinical decision making for cancer prevention 
and its effectiveness at preventing cancer. However, the complex 
mixture of direct and indirect effects made it difficult to predict 
such impact. In this study we aimed to estimate the effects of BRCA 
testing on healthcare utilization and clinical outcomes with a causal 
inference approach. We leveraged the scale of the MarketScan 
dataset and employed causal discovery algorithms to recover the 

causal relationships between patient features and clinical actions, 
including family and personal history of breast cancer, BRCA testing, 
enhanced screening, surgical and chemoprevention or treatment 
measurements for breast cancer, and clinical diagnosis of active 
breast cancer and genetic susceptibility to breast cancer. The causal 
structure was represented as a directed acyclic graph. This enables 
us to estimate effects of BRCA testing on various clinical actions and 
breast cancer onset, while controlling for confounders and indirect 
effects. In addition, we plan to conduct counterfactual analysis by 
introducing simulated intervention, answering the question of what 
would have happened if all patients that are potentially eligible due 
to family history were to receive BRCA testing.

Background: During the 2022 mpox outbreak, most patients were 
managed as outpatients, however many required hospitalization. 

Methods: Patients in the Johns Hopkins Health System with an 
mpox diagnosis from July 1 through December 15, 2022 were in-
cluded. Patients were stratified as outpatient (OP) vs inpatient (IP). 
Characteristics were analyzed using Wilcoxon Rank Sum and chi-
square tests. Logistic regression was performed to assess for factors 
associated with hospitalization, as well as a subset analysis among 
PLWH to assess the impact of CD4 and HIV-1 RNA.

Results: Eighty-five patients were identified with mpox. Median 
age 36 years, 61% Black, 11% Latino, 97% male sex at birth, 4% 
transgender women, 43% Medicaid or uninsured, 54% PLWH. 
Seventy (82%) were treated OP and 15 were IP (18%).  There were no 

statistically significant differences between OP and IP in age, race, 
ethnicity, insurance status, HIV risk group, HIV status or obesity 
(Table 1). Among PLWH, CD4 < 350 was associated with IP (aOR 10.8 
95% CI 1.1-108.3). There was a trend for increased IP among those 
with HIV-1 RNA >200 (aOR 10.0 [0.6-161.4], P=0.1).The most common 
indication for hospitalization was pain control (66.7%). Fewer OP 
received tecovirimat than IP (19% vs. 93%), opiate pain control (5% 
vs 80%), and antibiotics (21% vs. 80%). Forty percent of IP received 
surgical consultation. Two IP (13%) required ICU level care and 
ultimately died. 

Conclusions: Immunosuppression and HIV-1 viremia were associated 
with hospitalization for mpox. Achieving viral suppression and mpox 
immunization should be prioritized among those at risk. 



  ABSTRACT 57

Hypertension Rewrites the Kidney Transcriptome and Drives Nephropathy
Anna Maria Tatomir, Hyun Jun Jung, Eric Delpire, Paul A Welling

 Hypertensive nephropathy is a commonly diagnosed form of chronic 
kidney disease (CKD), but the biological processes underlying the 
disease are poorly understood. Here, we explore if non-malignant 
hypertension (HTN) is sufficient to initiate kidney damage and seek 
to identify pathways that drive disease development. We created a 
genetically defined hypertensive mouse by introducing activating 
mutations in the SPAK kinase. These Constitutively Active SPAK 
mice (CA-SPAK) develop salt-sensitive HTN due to hyperactivation 
of the sodium chloride cotransporter (NCC). CA-SPAK and control 
mice were fed a high salt diet (HSD) for 24 weeks, during which time 
renal function and blood pressure were evaluated. RNASeq was then 
performed to assess changes in the kidney transcriptional profile.
After a week of HSD, CA-SPAK develop Stage 2 HTN (SBP 
>140mmHg). After 4 weeks of HSD, CA-SPAK develop hyperfiltration 

(24% increase in glomerular filtration rate) that persists for an 
additional 4 weeks. After this, renal function progressively declines, 
resulting in azotemia and albuminuria. To identify changes in renal 
gene expression associated with the onset of function decline, we 
performed RNASeq on cortical tissue from both genotypes fed HSD 
for 8 weeks. We identified 3568 deferentially expressed genes in 
CA-SPAK. Pathway enrichment analysis found several biological 
processes associated with the decline in CA-SPAK renal function, 
including altered podocyte function, albuminuria, and immune 
system activation.  Our findings from CA-SPAK mice demonstrate 
that non-malignant HTN can induce altered renal gene expression, 
the consequence of which is sufficient to disrupt kidney function 
resulting in the onset of hypertensive nephropathy. 
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Optimal multiclass classification and prevalence estimation with applications to SARS-CoV-2 antibody 
assays 
Rayanne A. Luke, Anthony J. Kearsley, Paul N. Patrone   

Antibody tests are routinely used to identify past infection, with 
examples including Lyme disease and COVID-19. An accurate 
classification strategy is crucial to interpreting diagnostic test 
results. However, traditional methods based on confidence intervals 
or receiver operating characteristics lack clear extensions to settings 
with more than two classes. Classification is further complicated 
when the relative fraction of the population in each class, or 
generalized prevalence, is unknown. We address these problems by 

(i) developing a prevalence estimation method that is independent of 
classification of test data and (ii) creating an associated classification 
scheme that minimizes false classifications. This work hinges 
on constructing probability models for data that are inputs to an 
optimal-decision theory framework. As an illustration, the method is 
applied to antibody data with SARS-CoV-2 naïve, previously infected, 
and vaccinated classes. These methods could be adopted for use in a 
variety of settings, including public health and the clinic. 
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Temporal transcriptomic profiling deciphers an early adaptive response of the kidney distal convolut-
ed tubule to furosemide
Hyun Jun Jung, Ebrahim Tahaei, Paul A. Welling   

Adaptive remodeling of the kidney distal nephron is a physiological 
mechanism that controls epithelial transport of water and electrolyte 
to maintain body fluid homeostasis. The distal convoluted tubule 
(DCT) of the kidney nephron is a highly plastic tubule segment 
and undergoes hypertrophy and hyperplasia to increase salt 
absorption in response to physiological and pathological stresses. 
DCT remodeling has been implicated in the development of 
loop-diuretic resistance in patients with heart failure. However, 
the molecular mechanisms of DCT structural remodeling are 
unknown. We investigated time-series transcriptomic changes (12, 
24, 48, and 96 hours) of the early DCT (DCT1) after furosemide 
administration to identify initiating gene regulatory pathways. RNA 
sequencing was performed in DCT1 segments microdissected from 
mice expressing a DCT1-specific Cre-driven fluorescent tdTomato 
protein. All samples were enriched with known DCT-specific genes 

without contamination of other nephron segment-specific markers, 
indicating uniform isolation of DCT segments. Pathway enrichment 
and pattern clustering analyses revealed the early-induced genes 
were associated with cell cycle progression and cell proliferation. 
Meta-analysis of transcription factor binding enrichment revealed 
enrichment of genomic binding sites of HIF-1 signaling components 
(HIF1A, STAT3, RELA) across the early-induced gene promoters. 
Immunoblot analysis in kidney cortical tissues confirmed rapid 
activation of the HIF-1 signaling components following furosemide 
treatment. In summary, a core transcriptional regulatory pathway 
in the DCT is activated rapidly after loop-diuretic treatment to drive 
a cell proliferation program in the DCT. The results identify HIF-1 
signaling as a proximal pathway in the initiation of proliferative cell 
state transition and DCT structural remodeling. 
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Hyaluronan and proteoglycan link protein 1 is a potential therapy for chronic obstructive pulmonary 
disease
Trinity Zhu, Bonnie Yeung-Luk, Ara Wally, Daniel Chen, Rachel Zhang, Carter Swaby, Kai Wilmsen, Baishakhi Ghosh, Venkataramana 
Sidhaye

Chronic obstructive pulmonary disease (COPD) is a chronic 
inflammatory lung disease and currently has no cure. It is 
characterized by tissue dysfunction and parenchymal destruction. 
The lung structure is determined by the pulmonary extracellular 
matrix (ECM) to maintain the mechanical stability and elasticity of 
the tissue. Hyaluronan and proteoglycan link protein 1 (HAPLN1) is 
an ECM protein to maintain aggregation and the binding activity of 
proteins in the extracellular matrix. We aimed to study if HAPLN1 is 
a potential therapy for COPD. Methods: Primary bronchial epithelial 
cells from COPD patients (CHBE) were cultured and differentiated 
at the air-liquid interface for 4-6 weeks. CHBE cells were treated 
with HAPLN1 for 10 days, and barrier integrity was measured using 
transepithelial electrical resistance (TEER). Gene expressions in 
relation to ECM (MMP9) and inflammation (BGN, NFKB2) were 

examined using quantitative PCR. Senescence was determined 
by SA-beta-Gal activity. Acquiring ex vivo precision-cut lung slices 
(PCLS) from COPD patients upon HAPLN1 treatment, senescence 
was measured. Results: Treating CHBE cells with 1- 100 ng/mL of 
HAPLN for 10 days, 10 ng/mL of HAPLN1 showed an increase in 
barrier integrity and was selected for further study. In HAPLN1-
treated CHBE cells, gene expression of matrix metallopeptidase 
9 (MMP9) was significantly downregulated, but inflammatory 
markers (biglycan BGN and NFKB2) were not significantly altered. 
Furthermore, HAPLN1 decreased senescence in CHBE as well as 
in PCLS from COPD donors. Conclusion: HAPLN1 slightly reverses 
senescence-associated secretory phenotype with the downregulation 
of ECM protein degradation. HAPLN1 is a potential novel therapy for 
COPD.
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In vivo transcriptional profiling of neural stem cells reveals potential target for brain tissue 
regeneration
Tara Srinivas, MPhil, Andrea Brand, PhD

Most adult brain cells do not divide, rendering tissue regeneration 
for neurological disease/injury highly difficult. However, mitotical-
ly dormant (quiescent) neural stem cells (NSCs) can reactivate to 
produce neurons and glia upon certain cues like exercise. The basis 
for reactivation, however, remains uncharacterized. We sought to 
identify regulators of NSC reactivation by comparing transcription-
al profiles of quiescent and reactivated NSCs. Manipulating these 
pathways for neurogenesis is of particular interest as the U.S. burden 
of neurodegenerative disease will likely double by 2050. 
Transcriptional profiles of quiescent and reactivated Drosophila 
melanogaster NSCs were acquired by single-cell RNA sequencing and 
Targeted RNA PolII DamID [1]. Genes with log2 fold-change in ex-
pression comparable to known quiescence markers were considered 
differentially expressed between the two groups. In vivo functional 
studies of candidate quiescence/reactivation regulators were per-
formed by NSC-specific GAL4/UAS gene knockout/overexpression. 
 
The gene encoding the peroxisomal membrane receptor pex7 was 

highly expressed in reactivated but not quiescent NSCs. CRISPR/
Cas9 knockout of pex7 in NSCs delayed reactivation (p<0.0001) and 
perpetuated quiescent-like properties of NSCs, including reduced 
nuclear diameter (p<0.0001), increased reactive oxygen species (ROS, 
p<0.001), and higher non-cell-autonomous lipid droplet formation 
(p<0.001). Loss of pex7 expression did not alter peroxisome biogene-
sis in NSCs or glia. 

We identified pex7 as a novel regulator of NSC reactivation. Loss 
of pex7 confers cellular changes in ROS and lipid metabolism 
concomitant with delayed NSC reactivation. Given the high degree 
of Drosophila and mammalian gene functional homology, pex7 
expression could serve as a target for driving neurogenesis in models 
of human disease. 
1. Southall TD, Gold KS, Egger B, Davidson CM, Caygill EE, Marshall 
OJ, Brand AH. Cell-type-specific profiling of gene expression and 
chromatin binding without cell isolation: assaying RNA Pol II 
occupancy in neural stem cells. Dev Cell. 2013 Jul 15;26(1):101-12...
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Stochasticity in cell cycle transcriptional programs predicts cellular differentiation potential
Kathleen Noller and Patrick Cahan
Since the advent of single cell RNA-sequencing (scRNA-seq), 
computational methods have been invented that quantify cellular 
differentiation potential. To the extent that such methods are 
accurate and broadly applicable, they are highly valuable because 
they identify rare progenitor populations, they order cells along 
a pseudo-temporal axis and thus reveal regulatory cascades 
underpinning development processes, and they measure the impact 
of genetic or other perturbations on fate potential. However, current 
state-of-the-art methods possess notable failure rates and some 
are too computationally burdensome to be routinely used.  Here, 
we exploited the relationships between cell cycle gene expression, 
cell cycle length, and transcriptional stochasticity to devise a 
more accurate, computationally tractable, and robust metric of 
differentiation potential. Our method, GiniMeter, computes 

differentiation potential based on expression stochasticity of cell 
cycle genes in single cells, such that undifferentiated cells exhibit 
highly stochastic cell cycle gene expression. We compared GiniMeter 
to the two current best performing methods based on a gold 
standard compendium of 24 datasets from 4 species, 9 sequencing 
platforms, and 11 organ systems in which the ground truth stage of 
differentiation was known.  GiniMeter is superior to its competitors 
in all four performance metrics, and its run time is not significantly 
longer than that of the fastest competitor. We highlight the utility 
of GiniMeter to aid in revealing new biological insights in two case 
studies: (1) the delineation of progenitor cell subpopulations in the 
murine dentate gyrus, and (2) the impact of culture conditions on 
differentiation potential of human pluripotent stem cells. 
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Patient Perspectives on AV Fistula Use: Implications for Racial Disparities 

Dipal M. Patel, Timmy C. Lee, Mae Thamer, Yi Zhang, Michael Allon, and Deidra C. Crews   
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The impact of NFE2L2 NFE2 like bZIP transcription factor 2 in the pathogenesis of chronic obstructive 
pulmonary disease
Bonnie Yeung-Luk*, Nisha Upadya*, Hurley Ryan, Esha Wankhade, Wasilat Dosunmu, Juntao Shi, Ethan Tieng, Baishakhi Ghosh, Shyam 
Biswal, Venkataramana Sidhaye

Background: Placement of an arteriovenous fistula (AVF) as a 
permanent vascular access is a key metric to achieve in care for 
patients on hemodialysis (HD). AVFs are less likely to be placed in 
Black patients. We sought to understand factors influencing AVF 
placement in a group of primarily Black HD patients. 

Methods: Semi-structured individual interviews were conducted with 
HD patients at the University of Alabama. Interviews were audio-
recorded and transcripts were coded for thematic analysis. 

Results: 59 interview transcripts from 53 Black and 6 White patients 
were analyzed. 15 patients were dialyzing via a central venous 
catheter (CVC) with no fistula in place, 8 dialyzed through a CVC with 
a maturing AVF, 5 dialyzed through a CVC with a non-functional AVF, 

and 31 dialyzed through a mature AVF. Common themes influencing 
patient perspectives on AVFs centered around the circumstances of 
dialysis initiation, patient education, and comparisons of different 
access types including their impact on patients’ lives.

Conclusion: Patients highlighted potential key factors: 1) the vast 
majority of patients experienced emergent dialysis starts through a 
CVC in a hospital, even when receiving pre-dialysis care, 2) patients 
who voiced trust of their medical care teams reported higher levels 
of comfort with AVF placement, 3) pre-AVF patients had a poor 
understanding of the steps of fistula procedures and recommended 
post-surgical care, and 4) the perceived impact of dialysis access 
was variable. We posit that underlying racial disparities in HD care 
delivery and patient education may influence patient progression 
through the vascular access continuum.

Chronic Obstructive Pulmonary Disease (COPD) is the 3rd leading 
cause of death worldwide, but has no cure. It is an inflammatory 
lung disease that causes progressive lung function decline, which is 
characterized by alveolar destruction (emphysema) and/or mucous 
hypersecretion (chronic bronchitis). Previously, we demonstrated 
the protective role of NFE2L2 NFE2 like bZIP transcription factor 
2 (NRF2) in COPD. Methods: Gene expression of alveolar (Ager, 
Sftpc) and epithelial cell (Muc5ac, Foxj1, Scgb1a, Krt5) markers 
were studied in wildtype and Nrf2-/- mouse lung using qPCR. Using 
differentiated mouse tracheal epithelial cells (mTECs) with Nrf2 
knockout and overexpression, the localization of ciliated cells was 
examined by staining with beta-tubulin using immunofluorescence. 
In vivo mouse lung function (total lung capacity, residual volume, 
compliance, resistance) was detected in wildtype and Nrf2-/- mice. 

The epithelial function (cilia moving, cellular velocity, FITC-dextran 
transepithelial permeability) was examined in cigarette smoke 
(CS)-exposed mTEC in the presence of Nrf2 activator CDDO-Me. 
Results:  Downregulation of Nrf2 increased the goblet cell (Muc5ac) 
expression and had a trend to decrease the ciliated cell (Foxj1) but 
did not change the population of alveolar cells. The localization 
of ciliated cells in the differentiated mTECs was decreased in 
Nrf2 knockout. The COPD-associated phenotype (increased total 
lung capacity and compliance; decreased resistance) was more 
significantly observed in female mice than in males. Conclusion: 
These results showed that the loss of Nrf2 in COPD affects epithelial 
cell-fate determination and lung function specifically in females. 
Targeting NRF2 is a potential therapy for preventing and treating 
COPD



  ABSTRACT 65

Predicting survival benefit from combinatorial therapy by patient tumor microenvironment in ad-
vanced melanoma 
Nina M. D’Amiano, Elizabeth Will, Julie Stein, Liz Engle, Sneha Berry, Benjamin Green, Alex Szalay, Evan Lipson, Janis M. Taube 

Combinatorial therapy with PD-1 and CTLA-4 blockade may improve 
survival in patients with advanced melanoma, but also increases the 
risk of adverse events. The purpose of this study was to determine 
if a multiplex immunofluorescence (mIF) assay could be used 
to identify patients who benefit from combinatorial therapy. We 
previously developed a 6-plex mIF assay (Sox10/S100, PD-1, PD-L1, 
FoxP3, CD8, CD163) to predict long-term survival in patients with 
advanced melanoma after anti-PD-1-based therapy. Pre-treatment 
specimens from a discovery cohort of 53 patients with advanced 
melanoma who later received anti-PD-1 therapy (34 with anti-PD-1 
monotherapy, 19 with anti-PD-1+CTLA-4 combinatorial therapy) 
were stained with the mIF assay and mapped using the AstroPath 
platform. The spatially-mapped specific immunomodulatory 
molecule expression was used to classify patients into three distinct 
tumor microenvironment (TME) profiles that correlated with long-

term survival. Patients with ‘good’ pre-treatment TMEs did not 
show differences in overall survival (OS) between those receiving 
combinatorial therapy vs. monotherapy (p=0.78), indicating that 
these patients do not benefit from the addition of anti-CTLA-4. 
Importantly, patients with ‘intermediate’ pre-treatment TMEs 
showed improved 3-yr. OS with combinatorial vs. monotherapy 
(p=0.04). Patients with ‘poor’ pre-treatment TMEs would likely 
benefit from clinical trials. In conclusion, patients with ‘good’ pre-
treatment TMEs may be appropriately treated with monotherapy 
and spared the potential side effects of combinatorial therapy, 
while those with the distinct ‘intermediate’ TME benefit from 
combinatorial therapy. These findings warrant further exploration, 
including validation in an independent cohort, which is currently 
underway. 
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Homozygous Familial Hypercholesterolemia: Luck Meets Opportunity Meets Knowledge
Lisa Young, BS, Emily Brown, MGC, Seth S. Martin, MD, MHS   

Introduction: Homozygous familial hypercholesterolemia (HoFH) 
is characterized by severely elevated low-density lipoprotein (LDL). 
Treatment options include proprotein convertase subtilisin/kex-
in type 9 (PCSK9) inhibitors and angiopoietin-like 3 (ANGPTL3) 
inhibitors; the former increases the number of LDL receptors, and 
the latter are associated with hypolipidemia and reduced risk of 
atherosclerotic cardiovascular disease. We present the case of one of 
the oldest living patients with HoFH. 

Case Description: The patient is a 67-year-old African-American 
woman diagnosed with bilateral arcus and tendon xanthomas at 11 
years old, with total cholesterol (TC) levels >1000 mg/dL. At age 12, 
she underwent a partial ileal bypass (PIB) that lowered her TC by 
39%. At age 32, she began statin therapy. However, her LDL-C levels 
remained persistently elevated (>400 mg/dL). At age 34, multivessel 

coronary artery disease was detected, and she initiated lipoprotein 
apheresis. She achieved reasonably well-controlled LDL-C over 20 
years on LDL apheresis and high-intensity statin therapy. Combined 
therapy with PCSK9 inhibitors and ANGPTL3 inhibitor Evinacumab 
(age 67) has lowered her LDL-C significantly. Genetic analysis con-
firmed two LDLR mutations: c.1846-1G>A and c.907C>T. 

Conclusion: Elevated cholesterol levels are associated with an 
increased risk of premature myocardial infarction and stroke. We re-
port a case of HoFH with successful LDL lowering on dual antibody 
and high-intensity statin therapy in addition to PIB. Unlike PCSK9 
inhibitors, ANGPTL3 inhibitors work independently of LDLRs by 
stimulating lipoprotein and endothelial lipase. This case provides in-
sight into the evolution of surgical and combination drug therapies 
for HoFH. 
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Use of Human-Centered Design Methodology to Identify Challenges and Develop a Digital Toolkit to 
Optimize Heart Failure Guideline-Directed Medical Therapy
Lisa Young, BA, BS; Erin M. Spaulding, PhD, RN; Nino Isakadze, MD, MHS; Nancy Molello, MSB; Shireen Khoury, MD; Yumin Gao, ScM; 
Zahra Azizi, MD, MSc; Michael P. Dorsch, PharmD, MS; Jessica R. Golbus, MD, MS; Yvonne Commodore-Mensah, PhD, MHS, RN; Nisha 
Gilotra, MD; Alexander Sandhu, MD, MS; Brahmajee Nallamothu, MD; Seth S. Martin, MD, MHS

Introduction: Guideline-directed medical therapies (GDMT) can 
improve quality of life and health outcomes for heart failure (HF) 
patients post-hospitalization. However, there is a gap in the use of 
GDMT among HF patients.

Objective: To engage key stakeholders with human-centered design 
(HCD) methodology to identify challenges in GDMT optimization 
post-hospitalization and inform the development of a digital toolkit 
to optimize GDMT utilization by HF patients.

Methods: HCD is used to solve complex problems by engaging end-
users. We recruited: a) clinicians who care for HF patients across 
three hospital systems, b) patients with HF with Reduced Ejection 
Fraction (HFrEF, EF<40%) discharged from the hospital within 30 
days of enrollment, and c) patient health partners. The virtual HCD 
sessions with clinicians and patients/health partners were conducted 

using a guided semi-structured interview to identify challenges and 
brainstorm creative solutions to include in a digital toolkit.

Results: Participants included ten clinicians, three patients, and one 
health partner. The clinicians had a median age of 37 years (IQR: 
35-41) and 12 years (IQR: 14-9) of experience caring for patients 
with HF; 80% were women, and 50% were physicians. Patients/
health partners had a median age of 57 years (IQR: 53-60), 25% 
were women, 50% were Black, and 75% were married. The top-rated 
elements of HF GDMT optimization identified during the HCD 
sessions are reported in the Figure.

Conclusions: The clinician and patient/health partner insights 
identified through HCD can inform a digital toolkit aimed at 
optimizing GDMT, including patient-facing smartphone applications 
and clinician dashboards. 

  ABSTRACT 68

COPD Alters Bronchial Epithelial Wound Closure Dynamics In vitro
Kai Wilmsen, Carter Swaby, Eleana Parajón, Ara Wally and Venkataramana K. Sidhaye   

Chronic Obstructive Pulmonary Disease (COPD), a progressive and 
irreversible disease of the lungs, can be characterized in vitro via 
cultured patient-derived bronchial epithelial cells. Patient-derived 
COPD cells exhibit reduced barrier function, partial EMT (p-EMT), 
reduced ciliation and ciliary function, and the induction of collective 
cellular motion within the epithelial sheet. Interestingly, the 
collective motion of COPD cells in vitro occurs under normal culture 
conditions in intact and undisturbed epithelial cells. To better 
understand the functional consequences of increased collective 
motion in COPD we are striving to understand the cellular processes 
that are driving the observed motion and if these changes impact 
migration dependent processes like wound closure. Scratch wound 
closure assays of Normal and COPD patient derived cells cultured 
at air-liquid interface (ALI) uncovered interesting differences in the 
cellular dynamics of wound closure. 15-hour timelapse imaging of 
wound closure showed that COPD cells exhibit slightly decreased 

wound closure compared to Normal cells, however, measurements 
of cell movement speed were unchanged between the two groups. 
Additionally, normal cells have their movement concentrated at 
the leading edge of the wound, with cellular velocity tapering off 
at further distances in sharp contrast with COPD cells which move 
at the same speed regardless of proximity to the wound edge. 
Along with these findings we have observed altered localization 
of the focal adhesion protein vinculin and the planar cell polarity 
proteins vangl1 and frizzled 6 in COPD cells, suggesting that the 
collective motion observed in COPD cells may be due to cellular 
reprogramming that primes COPD cells for migratory processes 
even in the absence of a wound edge. Further research is required 
to understand the gene and/or protein level changes leading to the 
observed COPD phenotype, and to better understand if COPD cells 
can resolve a wound and return to their steady state condition. 



  ABSTRACT 69

Testing and Nutritional Treatment for Gluten Sensitivity and Joint Pain: a Case Report
Angela Taylor, Kate Brock

Non-celiac gluten sensitivity (NCGS) and Celiac Disease (CD) may be 
associated with joint pain, a condition affecting millions of people 
worldwide. Gluten-free nutritional approaches for both conditions 
appear to be safe and effective as stand-alone therapy which can be 
integrated with other therapeutic interventions. This case report is 
about a patient diagnosed with a non-celiac gluten sensitivity (NCGS) 

based on laboratory testing who had joint pain in her knees as well 
as liver function abnormalities (elevated AST & ALT). Her joint pain 
and her laboratory abnormalities safely and effectively responded to 
a gluten-free (GF) diet.
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E-cadherin accelerates the proliferation of breast cancer cells via metabolic reprogramming of the de 
novo serine synthesis pathway
Geonhui Lee, Claudia Wong, Anna Cho, Ashleigh J. Crawford, Gabriella C. Russo, Jungwoo Kim, Lauren Hoffner, Cholsoon Jang, Moonjung 
Jung, Robert D. Leone, Denis Wirtz, and Sangmoo Jeong

E-cadherin, a key molecule in regulating cell adhesion, has 
been suggested as a tumor-suppressor, mainly because the loss 
of E-cadherin is often required for metastasis. However, recent 
studies, including ours, have shown that E-cadherin expression 
enhances the proliferation and metastatic potential of certain types 
of cancers, stimulating interest in the role of this molecule. We 
have hypothesized that E-cadherin plays a role in metabolism, as 
metabolic upregulation is a prerequisite for cellular growth and

proliferation. Excitingly, we have found that the de novo serine 

synthesis pathway (SSP) is significantly upregulated in breast cancer 
cells with a higher expression of E-cadherin. The SSP generates 
precursors for nucleotide synthesis, redox homeostasis, and TCA 
anaplerosis. Therefore, it has emerged as one of the essential 
pathways for tumor progression, including breast cancers. Our 
finding is the first one that reveals the molecular mechanism of how 
E-cadherin, a key player in cell adhesion, is linked with the SSP, a 
critical metabolic pathway in cell proliferation. 
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Open Reading Frame identification in Reference and Millions of Novel transcripts with ORFanage
Ales Varabyou, Steven L. Salzberg, Mihaela Pertea

Development of computational methods for processing RNA 
sequencing data has been invaluable to many advances in genetics. 
In particular, expression analysis and transcriptome assembly have 
been used to discover novel genes, identify biomarkers and potential 
therapeutic targets. However, modern RNA-seq pipelines do not 
have means by which to assess coding potential of experimental 
isoforms, ignoring ability to detect novel proteins and examine their 
effects in the studied systems. In this work, we present ORFanage, a 
method capable of assigning ORFs to millions of novel transcripts 
maximizing similarity to known proteins at each locus. In this work 
we demonstrate that not only can ORFanage accurately identify ORFs 

in a set of transcripts but do so no matter how big the dataset. We 
have applied our method to correct tens of thousands of RefSeq and 
GENCODE transcript models, build an improved catalog of highly-
expressed and structurally stable proteins in the CHESS dataset and 
identify hundreds of novel disease-specific protein variants. Lastly, 
we provide a generalized framework for the identification of novel 
ORFs from RNAseq samples following alignment and assembly, 
which can be used to supplement transcriptome assembly reports, 
aid in noise and true signal separation and identification of clinically 
relevant data points 
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Degree of fibrosis remodeling alters atrial fibrillation inducibility
Carolyna Yamamoto A. P., Ryan P. Bradley, Syed Yusuf Ali, Adityo Prakosa, Shane Loeffler, Kensuke Sakata, Eugene G. Kholmovski, Natalia A. 
Trayanova
Mechanistically, the role of remodeled substrate in atrial fibrillation 
(AF) inducibility is not well understood. Here we assess the changes 
in AF reentrant-drivers (RDs) based on different levels of fibrotic 
remodeling – as visualized by degree of enhancement in LGE 
MRI. We compare the inducibility of the native fibrotic substrates 
in patients undergoing first-time ablation (FtA) and in those of 
repeat ablation (ReA) and characterize the regions most involved 
in RD maintenance. Ten LGE MRIs were obtained from AF patients 
undergoing FtA (n=5) or ReA (n=5). Personalized image intensity 
ratio (IIR) threshold was used to differentiate fibrosis, dense fibrosis, 
and scar tissue. For each patient, two personalized models were 
constructed: baseline and multi-level fibrosis. The baseline model 
includes only normal myocardium and fibrotic tissue; the multi-level 

fibrosis model for FtA has the addition of dense fibrosis, and for ReA, 
dense fibrosis and scar. Each model was tested for AF inducibility 
by rapid pacing. The volumetric fraction of each substrate in RD-
harboring regions was calculated. The ReA group was not found 
to be more arrhythmogenic than the FtA, but their RDs were more 
frequently inducible (from multiple pacing sites). In all models, RDs 
required at least 30% of remodeled tissue within the local RD region. 
In ReA multi-level fibrosis models, RD-harboring regions had tissue 
significantly more remodeled (72.34%) than RD-harboring regions 
in baseline models (36.59%; p<0.0001). Different levels of fibrotic 
remodeling result in different levels of AF inducibility. These insights 
might be important in predicting ablation targets in AF patients. 
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Quality of Care Amond People Diagnosed with MPOX in an Urban Health System
Joyce L. Jones, M.D., M.S., William Garneau, MD MPH, Gabriella Dashler, BS, Nathan Kwon, BS, Elizabeth Gilliams, M.D., M.S., M.Sc., 
Matthew Hamill, M.B.Ch.B., Ph.D., M.P.H., M.Sc., David Rudolph, M.D., Jeanne Keruly, MSN, CRNP, Eili Klein, Ph.D., M.A., Bhakti Hansoti, 
M.B.Ch.B., Ph.D., M.P.H., Kelly Gebo, MD, MPH    

Background: Best practices for mpox evaluation include a sexual 
history, full mucosal assessment with anogenital exam, and STI 
testing. We evaluated the quality of clinical evaluation for patients 
with mpox diagnosis in an urban health system. 

Methods: Patients in the Johns Hopkins Health System with an 
mpox diagnosis from 7/1/22-12/15/22 were identified. Demographic, 
clinical, and quality-of-care (QoC) data were abstracted from the 
medical record. QoC metrics (sexual history, anogenital exam, 
concomitant STI testing, and mpox diagnosis at first visit) were 
compared by mpox diagnosis location (Emergency Department/
Urgent Care [ED/UC], HIV/Sexual Health clinic [HIV/SH], or non-HIV/
SH Outpatient clinic [non-HIV/SH]) with ANOVA analysis. 

Results: Demographics of the 85 patients identified include median 
age 36 years, 61% Black, 11% Latino, 97% assigned male sex at birth, 
4% transgender women, 54% HIV positive, and 43% with Medicaid/
no health insurance. Mpox diagnosis location was ED/UC (n=44), 
HIV/SH (n=29), or non-HIV/SH (n=12). Recent sex behavior and 
anogenital exam documentation were not statistically significantly 
different across sites (Table 1). Mpox diagnosis at first visit was 
highest in HIV/SH followed by non-HIV/SH and ED/UC (83%, 70%, 
and 55%, respectively, p < 0.05). STI testing was highest in HIV/
SH followed by ED/UC and non-HIV/SH (90%, 82%, and 42%, 
respectively, p < 0.05; Table 1). 

Conclusions: People diagnosed with mpox in HIV/SH clinics had the 
highest rates of timely mpox diagnosis and STI testing compared to 
ED/UC and non-HIV/SH sites. Barriers to timely mpox diagnosis and 
support for comprehensive STI testing for patients at risk for mpox 
warrant further investigation...
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3D Reconstruction of Fetal Rhesus Macaque Kidneys at Single-Cell Resolution
L. Dequiedt, J. Lo, O. McCarty, P-H. Wu, A. Rosenberg, A. Kiemen, D. Wirtz

Background: Kidney architecture is critical to ensure proper function 
and can be hampered by different pathologies. Most of the kidney 
research has been focused on offering mechanistic insights on the 
role of specific cellular structures from 2D tissue sections while 
overlooking 3D organ morphology. This is mostly due to the inability 
of current organ mapping techniques to label many components 
at a large enough scale to capture the architectural complexity of 
kidneys. Here, we used a novel tissue mapping workflow, CODA, 
to create 3D reconstructions of mm^3 scale fetal rhesus macaque 
kidney samples in which 17 structural components are labelled at 
single cell resolution.

Design: CODA was applied to four kidneys that were serially 
sectioned, stained with H&E, and digitized. An image registration 
algorithm was used to align the images into a semi-continuous 
stack. A cell detection algorithm was applied, and a deep learning 

(DL) model was optimized to label 17 microanatomical components. 

Results: The DL model can recognize a total of 17 microanatomical 
components with an average recall of 88.71% and an average 
precision of 89.21%. The cell detection algorithm detected cell 
nuclei with a true positive rate of 84.94%. 

Conclusion: These preliminary results, show that CODA can be 
successfully applied to complex organs like kidneys. However, 
since the DL model was built using manual annotations made 
on 2D histological slides, it cannot identify all parts of individual 
nephrons. We further aim at using these coarse reconstructions of 
nephrons to introduce 3D-informed segmentation of convoluted 
tubules into the workflow. 
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SARS-CoV-2 infection worsens epithelial function and metabolism in the host cells than influenza
Bonnie Yeung-Luk, Brianna Lee, Esther Lee, Michelle Mokaya, Esha Wankhade, Baishakhi Ghosh, Amanda Dziedzic, Anne Jedicka, 
Murugappan Ramanathan, Shyam Biswal, Andrew Pekosz, Venkataramana Sidhaye

The coronavirus disease 2019 (COVID-19) is an infectious respiratory 
disease caused by severe acute respiratory syndrome coronavirus 
2 (SCV2). As compared to influenza, COVID-19 has significantly 
higher morbidity and mortality rates. We aimed to identify the 
host responses between SCV2 and influenza A virus (IAV) infection. 
Methods: Human nasal epithelial cells (hNECs, upper airway) were 
infected with SCV2 and IAV at 24 hours post-inoculation (HPI) and 
subjected to RNA sequencing. Infection of pseudovirus SCV2 Spike-
VSV-G (spike) or VSV-G to normal human bronchial epithelial cells 
(NHBE, lower airway) and the human epithelial cell line (Calu3) was 
performed. Expression and localization of actin cytoskeleton, cofil-
in-1, were studied using qPCR/western blotting and immunofluores-
cence, respectively. Barrier function was measured by transepithelial 
electrical resistance (TEER).  Metabolism was assessed by the oxygen 
consumption rate (OCR) and the extracellular acidification rate 

(ECAR). Results: As compared to IAV, SCV2 reduced cellular signaling 
and decreased cell death pathways (apoptosis, ferroptosis, necropto-
sis).  Particularly, SCV2 decreased cell adhesion, tight junction, and 
actin cytoskeleton. Spike-infected NHBE decreased the expression 
of actin-severing protein cofilin-1 and increased F-actin (stained by 
Phalloidin) associated with barrier dysfunction. With an upregu-
lation of glycolysis rate-limiting gene Pyruvate Kinase L/R (PKLR) 
in spike-infected NHBE, Spike-infected Calu-3 exhibited increased 
ECAR and decreased OCR (decreased basal respiration, maximal res-
piration, ATP-linked respiration). Conclusion: SCV2 has a profound 
impact on the actin cytoskeleton and mitochondrial metabolism, as 
well as resilience to cell death than IAV. Maintenance of epithelial 
integrity particularly targeting cofilin-1 is a potential prevention of 
SCV2.
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MARS-HCM: Multi-modal Deep Learning Method for Ventricular Arrhythmia (VA) Risk Stratification in 
Hypertrophic Cardiomyopathy (HCM) Patients
Changxin Lai, Dan Popescu, Minglang Yin, Daiyin Lu, Julie Shade, Marc Engels, Stefan Zimmerman, Jonathan Chrispin, Roselle Abraham, 
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Enhancing Pharmaceutical Media Solubility and Stability by Thermodynamic Modeling
Tianxin Zhang, Alan Stone, Michael Betenbaugh, Marc Donohue

Natalia Trayanova  

Background: Current clinical guidelines remain inadequate for 
accurately identifying HCM patients at risk for sudden cardiac death 
(SCD) by VA. Although risk factors for SCD in HCM patients have 
been established previously, including demographics, lab tests, 
late gadolinium-enhanced magnetic resonance imaging (LGE-MRI) 
features, it is challenging to integrate these distinct data types in a 
predictive model. 

Objective:  To develop a multi-modal deep learning approach that 
stratifies the risk of VA in HCM patients using LGE-MRI images and 
clinical covariates.

Methods: In a retrospective study, LGE-MRI and electronic health 
records (EHR) were acquired from 819 HCM patients. We developed 
a deep learning model with two input branches for images and EHR. 
In the image branch, the left ventricle was automatically segmented 

from LGE-MRI images and fed into a 3D ResNet. The EHR branch 
adopted a feedforward network to learn patterns from clinical 
covariates. 

Results: In 5-fold cross-validation, the multi-modal model using both 
LGE-MRI and EHR identified VA with an AUC of 0.83, outperforming 
single-modal models using either LGE-MRI (AUC=0.80) or EHR 
(AUC=0.79). As a comparison, AHA/ACC and ESC guidelines had an 
AUC of 0.65 and 0.69, respectively. The risk score by our model also 
showed a higher correlation coefficient with other future adverse 
events (ICD shock, death, etc.) than AHA/ACC and ESC scores.

Conclusion: Our multi-modal deep learning significantly improved 
the prediction of VA in HCM patients compared with single-modal 
models and current clinical guidelines. Our model has the potential 
to improve the precision of VA risk stratification in HCM patients. 

It is of vital importance for the pharmaceutical company to 
understand media solubilities with highly concentrated nutrients 
and electrolytes. Previously, we had built computational models to 
predict media component solubility limits from thermodynamic 
calculations, including activity coefficients. Here, we expanded and 
improved the thermodynamic model to include long-range ionic 
interaction to allow calculations of electrolyte and amino acid(AA)-
electrolyte complexation solubilities. Using a modified version and 
expanded databases of a previous model, we added ionic effect 
to more faithfully characterize the thermodynamic environment 
of pharmaceutical media. Visual MINTEQ can predict media 
formulation and trace metal complexation, but it has a limited ionic 

strength prediction range and the code cannot be incorporated 
in our UNIFAC thermodynamic model. We incorporated a Visual 
MINTEQ-like model with our UNIFAC model in a format that can 
be hosted on the cloud or used in-house. The newly-fitted ionic 
strength equation would allow calculations to approach nearly 30M, 
where the extended Debye-Hückel theory used in MINTEQ has a 
limit of 0.1M. In order to design components that stabilize media 
formulations, increase AA solubilities and prevent precipitation, we 
incorporated chemical complexation and speciation equilibrium 
into our current thermodynamic model, which resulted in a more 
robust platform to help understand the roles of diverse components 
on media solubility and complexation. 
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Learning DVH Criteria for Radiation Therapy Treatment Plans
Farzin Ahmadi, Kimia Ghobadi, Todd McNutt
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Corrosion Study of WE43 and ZX10 Alloy Wires for Biomedical Applications
Beril Ulugun, Sneha Raj, Amber Robinson, Hutomo Tanoto, Adam Griebel, Jamie Guest, Ryan Guilbault, Greg Osgood, Warren Grayson, 
Timothy Weihs

Clinical guidelines that are used to arrive at acceptable radiation 
therapy treatment plans are usually broad and not personalized. 
Additionally, dose limit parameters used to realize and solve the 
treatment planning optimization problems are expert-driven. From a 
mathematical point of view, no current method is suitable to justify 
that realizations of parameters provide the best plans in terms of 
organ-at-risk sparing or target coverage. In this work, to provide 
guarantees on the quality of the parameters used to realize treatment 
plan optimization problems, we combine the radiation therapy 
treatment optimization models with a novel approach, inverse 
optimization, for the purpose of improving existing, clinically 
acceptable treatments. Inverse optimization involves inferring 
unknown parameters of an optimization problem using available 
solutions to the problem. Implemented sub-optimal plans are fed 

to the inverse optimization pipeline that can find optimal solutions 
from sub-optimal solutions and recover new parameters that render 
the new solution optimal.  Improved plans achieved using inverse 
optimization models can be used to update the realizations of 
acceptable dose criteria. The direct impact of the results of this work 
will be observed in the back and forth between the dosimetrist as 
the agent optimizing the plans and the oncologist as the agent that 
evaluates and selects the plans. We show the potential for using 
inverse learning to improve sub-optimal radiation therapy treatment 
plans and provide updated objectives. Results show that dose-
Volume criteria are more desirable for a set of four prostate cancer 
patients in the inverse optimization plans...

Biodegradable materials are advantageous in biomedical implant 
research as they eliminate the need for a second surgery to remove 
the implant. They can decrease treatment costs, risks to the patient, 
and discomfort caused by a permanent implant. Magnesium 
(Mg) alloys are excellent candidates for implants as they are 
biocompatible, osteoconductive, biodegradable, and have bone-like 
mechanical properties. Here, we focus on studying the corrosive 
properties of Mg wires made of two different alloys--ZX10 and WE43-
-with the intent to use these wires to fabricate 3D weaves, braids, and 
staples for craniofacial defects, biliary stents, and sternal fixtures.We 
perform in vitro corrosion studies by immersing the wires in Hank’s 

Balanced Salt Solution (HBSS) and Bile Duct fluid at 37°C for 30 days 
and tracking pH changes. We determine the corrosion rate of the 
magnesium alloys by the mass loss method. In addition, we look at 
the corrosion behavior of the wires in Hank’s Solution (HBSS) in a 
potentiodynamic corrosion setup and monitor hydrogen evolution. 
Furthermore, our research uses Micro-CT images of the wires before 
and after corrosion to study surface morphologies and topologies 
and help understand pitting behavior, which can be vital for the 
structural integrity of wire-based implants. Here we present results 
on the corrosion behavior of both alloys in the two solutions and 
Micro-CT images taken before and after corrosion studies.
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Label-free Cell Positioning With Polymeric Solutions Towards Transplantable Cell Purification
Takayuki Suzuki, Srivathsan Kalyan, Cynthia Berlinicke, Donald J. Zack, Soojung Claire Hur

There is a need for cell purification techniques which do not require 
the use of antibodies or other cell modifications. This is because 
cell modifications can induce unwanted cell response and add 
significant expense when meeting Federal Drug Administration 
(FDA) regulations. Inertial focusing is a phenomenon which can 
address this need by allowing cell sorting in a passive, label free, and 
high throughput manner. Conventionally, inertial focusing refers 
to systems which suspend cells in a constant viscosity (water-like) 
buffer such as Phosphate Buffered Saline (PBS). Recently, inertial 
focusing of cells in a viscoelastic polymeric buffer has gained 
interest because these buffers exhibit different viscosity or elasticity 

depending on solution flow speed. In this study, we investigate 
how solution composition and cell flow velocity can affect inertial 
focusing behavior. We suspend MIN6 cells in PBS with an FDA 
approved polymer additive. We vary parameters such as polymer 
type and polymer concentration. We collect data on cell flow velocity, 
focusing position, and cell size. We find that by varying solution 
composition and cell flow velocity, cells can be inertially focused 
either independent or dependent of cell size. Further, the number 
and location of focusing positions change based on experimental 
conditions. The results of this study have implications for future 
label free and passive cell sorting applications. 
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Precision T cell therapies for the prevention and treatment of antiphospholipid syndrome
Brian J. Mog, Elana R. Shaw, Michael S. Hwang, Sze K. Tan, Alexander H. Pearlman, Sarah DiNapoli, Suman Paul, Chetan Bettegowda, 
Nickolas Papadopoulos, Michelle A. Petri, Antony Rosen, Shibin Zhou, Kenneth W. Kinzler, Bert Vogelstein, Maximilian F. Konig
All currently available drugs to treat autoimmune diseases are 
indiscriminate, suppressing both self-directed and protective 
immune responses. This lack of precision results in opportunistic 
infection, poor vaccine responses, and excess mortality. Precision 
immunotherapies that selectively eliminate autoreactive B cells, 
while sparing normal B cells, could treat autoimmunity without 
increasing the risk of infection, revolutionizing the management 
of patients with autoimmune diseases. Here, we developed such a 
precision therapy for the treatment of antiphospholipid syndrome 
(APS), an autoimmune disease caused by pathogenic antibodies 
against beta-2-glycoprotein I (β2GPI) that promote recurrent 
thrombosis and fetal loss. This was achieved by reprogramming 
primary human T cells to selectively eliminate anti-β2GPI B cells. 
To this end, we used CRISPR/Cas12a editing to express chimeric 
autoantigen-T-cell receptors (CATCRs), which incorporate domains 

of the autoantigen β2GPI into the TCR-CD3 complex, on engineered 
T cells. By expressing β2GPI-CATCRs, T cells acquired the ability to 
selectively bind anti-β2GPI B cell receptors (BCRs) on the surface of 
autoreactive B cells in APS, inducing immune synapse formation and 
killing target B cells via the perforin–granzyme pathway (Fig.1A). In 
co-culture experiments, β2GPI-CATCR-T cells selectively eliminated 
anti-β2GPI B cells and abolished anti-β2GPI autoantibodies —
pathogenic drivers of thrombosis and fetal loss in APS— in a 
dose-dependent manner, providing an opportunity to treat and 
prevent APS. Target cell killing was observed at physiologically 
relevant effector:target cell ratios (Fig.1B-E). Beyond APS, CATCR-
T-cell therapies have the potential to treat autoimmunity without 
increasing the risk of infection, promising a future of antigen-
specific immunotherapy for autoimmune and rheumatic diseases. 
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 Elucidating the role of FOXI1+ biliary ionocytes in manganese homeostasis
John Kang, MD, PhD, Vartika Tomar, PhD, Joanna Melia, MD

Manganese (Mn) is an essential micronutrient required for critical 
cellular processes like redox homeostasis and protein glycosylation. 
To date, the clinical relevance of Mn homeostasis has been limited 
to excess exposures, primarily from environmental sources, 
resulting in Parkinson’s-like neurologic disease. However, genome 
wide association studies have uncovered a pathogenic mutation 
in a critical Mn transporter, ZIP8, as one of the most pleiotropic 
mutations in the human genome (ZIP8 A391T). ZIP8 391-Thr causes 
a relative decrease in hepatic and blood Mn and an increase in 
biliary Mn. ZIP8 is expressed in multiple tissues and cell-types, but 
a major site of activity is the liver where it acts to reclaim excreted 
Mn from bile. We presented last year that hepatic Mn decreases and 
biliary Mn increases in response to infection and inflammation, at 
least in part, associated with decreased expression of ZIP8. However, 
the biological relevance of this phenomenon remains unsolved. 
Single-cell RNAseq data has recently identified ionocyte cells within 

the biliary tree and gallbladder in mice (O’Leary, et al. Sci Immunol. 
2022). This cell type, previously best described as FOXI1+/CFTR-high 
expressing cells in the lung epithelia (Plasschaert, et al; Montoro, 
et al, Nature, 2018), has not been studied in the biliary tract, but 
the scRNAseq data revealed that ZIP8 is specifically expressed in 
this cell type. We therefore hypothesize that biliary ionocytes may 
be a critical cell type in sensing and regulating biliary Mn excretion 
through regulation of ZIP8. To date, we have shown in mouse and 
human gallbladder that ZIP8 colocalizes with FOXI1. We have 
validated an antibody and workflow to isolate FOXI1+ cells from 
biliary extracts, and we plan bulk RNAseq on this sorted population 
in WT and ZIP8 393T-KI (murine equivalent of human ZIP8 391-Thr) 
mice and study of this population under inflammatory/infectious 
challenge. Because FOXI1 knockout mice are available, we plan study 
of Mn homeostasis in these mice lacking this cell type within the 
biliary tree. 
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Rendezvous Search on a Sphere: The Astronaut Problem
Andrew Henrichsen, Nick Parente, Yao Zhao

The rendezvous search problem asks us to find the optimal strategy 
for two non-communicating players to follow as they navigate a 
known search region, attempting to meet up in the least expected 
time. This problem has been studied extensively over the last 30 
years, including both symmetric and asymmetric strategies. The 
astronaut problem, where two players move on a featureless unit 
sphere and cooperate to minimize the expected time until they 
meet is a motivating problem in the field, but has been left mostly 

unstudied, Alpern (2013). We specifically consider the case where 
two players are placed on this sphere with detection radius $\
epsilon$ and at most unit speed. We prove upper bounds to the 
expected value of rendezvous time using two symmetric strategies 
and one asymmetric wait-for-mommy strategy. Finally, we propose a 
strategy for calculating a upper bound for the expected time to meet 
in a general n-dimensional space. 
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High Mobility Group A1 Chromatin Regulators Drive Immune Evasion in MPN Progression    Through 
Epigenetic Rewiring to Repress Networks Involved in Antigen Presentation
Joseph Kim, Kara Lombardo, Jung-Hyun Kim, Leslie Cope, Raajit Rampal, Richard Koche, Jerry L Spivak, Alison R Moliterno, Linda Resar

Myeloproliferative neoplasms (MPN) are clonal hematopoietic 
stem cell disorders characterized by hyperactive JAK/STAT signaling 
and increased risk of transformation to myelofibrosis and acute 
myeloid leukemia. However, targetable mechanisms to prevent 
progression remain elusive. The High Mobility Group A1 (HMGA1) 
gene is up-regulated in hematologic malignancies and MPN 
with disease progression. To elucidate transcriptional networks 
governed by HMGA1 during MPN progression, we utilized RNAseq 
in JAK2V617F mutant AML cells (DAMI, SET-2) which revealed that 
HMGA1 represses genes involved in antigen presentation, including 
the major histocompatibility complex (MHC) class I and II genes. 
Silencing HMGA1 via CRISPR or shRNA results in up-regulation of 
MHC class I and II, with greatest induction in MHC class II genes. To 
determine how HMGA1 represses MHC class II genes, we intersected 

ChIPseq with ATACseq, which revealed HMGA1 occupancy at the 
HLA-DPA1 locus at multiple sites downstream from the transcription 
start site. Further, preliminary results suggest that HMGA1 recruits 
repressive histone marks to repress HLA-DPA1 at these sites. To 
target HMGA1 networks pharmacologically, we queried cMAP, which 
identified the histone deacetylase inhibitor, entinostat, as a top 
hit. Strikingly, entinostat not only up-regulates MHC class II genes 
and antigens, but is also cytotoxic in JAK2V617F mutant AML cells. 
Moreover, HMGA1 depletion enhances both sensitivity to entinostat 
and induction of MHC II genes by entinostat.  In conclusion, our 
studies reveal a new paradigm whereby HMGA1 down-regulates 
MHC antigens during MPN progression, suggesting that targeting 
HMGA1 networks with entinostat could activate an immune attack 
and prevent MPN progression. 
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Investigation on the Cortical Communication (CortiCom) System
Qinwan Rabbani, Steve Luo, Dan Candrea, Miguel Angrick, Kevin Nathan, Samyak Shah, Hynek Hermansky, Nathan Crone  
 
Accumulating evidence supports the feasibility of restoring com-
munication for individuals with neuromuscular disorders using 
implantable brain-computer interfaces. The CortiCom clinical trial 
at JHU is testing the safety and preliminary efficacy of a device that 
records EEG directly from the cortical surface to augment commu-
nication in patients with impaired speech and limb movements due 
to neurological disorders. Algorithms for decoding intended speech 
and upper limb movements are being developed in collaboration 

between faculty, graduate students, and post-docs at the Johns Hop-
kins School of Medicine and in the Whiting School of Engineering. 
So far, one subject has been implanted with the study device and 
is using it to control browser-based computer applications using a 
variety of neural control strategies. Additionally, we are investigating 
the stability and adaptation of neural control signals as the subject 
learns to use the system. 
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Genetic modulation of protein O-GlcNAcylation affects Atrial Fibrillation susceptibility
Jonathan Granger, Pauline Nguyen, David Vocadlo, Natasha E. Zachara, Mark E. Anderson, and Olurotimi O. Mesubi

Atrial fibrillation (AF) and diabetes mellitus (DM) are major, rapidly 
expanding public health problems. DM is a major independent risk 
factor for AF, but molecular mechanism(s) connecting DM to AF are 
unclear. Excessive O-GlcNAcylation (O-GlcNAc) is a hallmark of DM 
and we recently established that O-GlcNAc is a key proarrhythmic 
mechanism for AF; however, the fundamental mechanisms by which 
O-GlcNAc promotes AF are not well understood. To test the role of 
O-GlcNAc in AF we developed transgenic (TG) mouse models with 
cardiac overexpression of the two enzymes that exclusively regulate 
protein O-GlcNAc – O-GlcNAc transferase (OGT) and O-GlcNAcase 
(OGA). In addition, we used both type 1 DM (high dose streptozocin) 
and type 2 DM (high fat diet + low dose streptozocin) mouse models. 

Both diabetic mouse models and non-diabetic OGT TG mice had 
increased myocardial O-GlcNAc and increased susceptibility to atrial 
burst pacing induced model of AF. Diabetic OGA TG were protected 
from increased AF susceptibility. Single dose treatment with an OGT 
inhibitor – 5-SGlcNHex at two different doses (50mg/kg and 100mg/
kg) prior to electrophysiologic study did not protect from increased 
AF in type 2 DM mice.  These data support a role for O-GlcNAc 
as a mechanism for AF. Genetic O-GlcNAc inhibition but not 
pharmacologic O-GlcNAc inhibition at the doses and duration tested 
protected from AF susceptibility. Targeted O-GlcNAc inhibition 
is a potential therapeutic target for AF and DM, however further 
investigation is needed to translate this to clinical application. 
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Quantum-Enhanced Whispering Gallery Microresonators Integrated with Microfluidics for Ultra-
Sensitive Label-free Biomolecular Detection
Mingwei Chen, Tza-Huei (Jeff) Wang, Jacob Khurgin, Christopher Florencio Aleman

Precision measurement at the single-molecule level is critically 
important for many applications in medicine, public health, 
and pharmaceutical industry. Nevertheless, conventional optical 
techniques for detecting biomolecules have reached the limit 
of sensitivity bound by the standard quantum limit. To achieve 
“super-sensitivity” with error scaling nearing the Heisenberg 
limit, quantum light sources and new detection principles must 
be developed. The current strategies of quantum optics for “super-
sensitivity” are mainly based on the utilization of entangled 
states of quantum light, which are facing dramatic challenge for 
practical implementation due to the difficulty in generation and 
detection of entangled phonons at a high efficiency and flux. To 

tackle this challenge, we are developing a new strategy to realize 
the “super-sensitivity” of bio-sensing using a quantum-enhanced 
high-Q whispering gallery mode (WGM) micro-resonator with a 
bright entanglement-free single-photon source. The resonator is 
intrinsically integrated in a microfluidic system and capable of 
detecting biomolecules at the single-molecule level, enabled by 
a monolithic cavity-integrated h-BN single photon source and an 
adaptive phase estimation scheme via the Bayesian algorithm. 
Heisenberg-limited scaling can be obtained by recycling photons 
through the phase shifts caused by interrogated molecules in the 
resonator using a modified spatial-mode polarization interferometer. 
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Estimation of Alpha Cell Dysfunction in T2D using a Coupled Model of Glucose -Insulin-Glucagon 
Dynamics of IIGI
Vijaya Subramanian, Jonatan I. Bagger, Jens J. Holst, Filip K. Knop, Tina Vilsbøll 

Type 2 diabetes (T2D) is a pathophysiology that is characterized by 
insulin resistance, beta- and alpha-cell dysfunction. Mathematical 
models of glucose challenge experiments have been developed to 
quantify the contribution of insulin and beta-cell dysfunction to 
the pathophysiology of T2D. There is a need for effective extended 
models that also capture the impact of alpha-cell dysregulation 
on T2D. To this end, a delay differential equation-based model 
was developed to describe the coupled glucose-insulin-glucagon 
dynamics in the isoglycemic intravenous glucose infusion (IIGI) 
experiment. The model was fit to IIGI data from individuals with and 
without T2D. Parameters related to glucagon action, suppression, 
and secretion as well as measures of insulin sensitivity, and glucose 
stimulated response were determined simultaneously. Insulin action 
was significantly lower in patients with T2D (duration of T2D:8(6-36) 

months) relative to weight matched control subjects (CS) without 
diabetes (a1 (10 pM min)-1: .000084±.0000075 (T2D); .00052±.00015 
(CS)) as expected and the Hill coefficient in the equation for glucose 
dependent insulin response was found to be significantly different in 
T2D patients relative to CS (h: 1.4±0.15; 1.9±0.14). Significant impair-
ment in glucose dependent glucagon suppression was observed in 
patients with T2D relative to CS (k1 (mM)-1: 0.16±0.015 (T2D, n=7); 
0.26±0.047 (CS, n=7)).  A negative linear relationship is observed 
between the glucagon suppression parameter, k1, and the three 
markers for diabetes, fasting plasma glucose, HbA1c and two-hour 
glucose, (Spearman Rank Correlation: (n=12; (-.79, .002), (-.73,.007), 
(-.86,.0003)) respectively). Together, these results are indicative of the 
role of glucagon in exacerbating the pathophysiology of diabetes. 
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Machine learning for early detection of dementia using electronic health record data
Jiazhen Hu, Roy Adams, Anqi Liu  
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Mitochondrial CaMKII is a Novel Driver of Cardiometabolic Dysfunction
Kimberly Ferrero, Ph.D.; Robert Cole, Ph.D.; Brian Foster, Ph.D.; Jonathan Granger, David Kass, M.D., Mark E. Anderson, M.D., Ph.D., and 
Elizabeth Luczak, Ph.D

People with dementia can suffer from loss of memory, language, and 
ability of thinking and reasoning. It is crucial to have early diagno-
sis to prevent the significant decrease of quality of life. To indicate 
which patients are at high risk of developing dementia, we apply 
machine learning (ML) methods on electronic health record (EHR) 
data to predict the future risk of Alzheimer’s disease and related de-
mentias. We predict the one-year-late diagnosis code, dementia and 
non-dementia, for each patient using methods including Logistic 
Regression, Random Forest, and Support Vector Machine (SVM) and 
evaluate the models using the AUC and accuracy metrics. By careful 

data preprocessing and model selection, our model predicts the risk 
of Alzheimer’s in one year with accuracy above 70%. We also evaluate 
the feature importance to find out the most informative features that 
have more significant effects on our prediction model. Moreover, 
we measure the predictive uncertainty of the predictive model and 
evaluate its calibration level using metrics like Brier Score and Ex-
pected Calibration Error. Finally, we also evaluate the subpopulation 
fairness to investigate whether our model is biased towards a specific 
group. 

Ca2+/calmodulin-dependent protein kinase II (CaMKII) is 
an established negative regulator of cardiac injury. Both the 
expression and activity levels of CaMKII are elevated in models 
of heart failure such as ischemia-reperfusion (I/R) injury and 
myocardial infarction (MI). This is due in part to CaMKII’s role 
in  the regulation of excitation-contraction coupling, apoptosis, 
activation of hypertrophic programming, arrhythmias and pro-
inflammatory signaling. Recently a pool of mitochondrial CaMKII 
has been identified; there is an observed increase in mitochondrial 
CaMKII activation with left ventricular dilation following injury 
in a mouse model of myocardial infarction (MI). This deleterious 
post-MI phenotype is rescued with genetic mitochondrial CaMKII 
inhibition; conversely, mice with myocardial and mitochondrial 
CaMKII overexpression (mtCaMKII) present with severe dilated 
cardiomyopathy and decreased ATP production. To date, the 
molecular mechanisms by which mtCaMKII regulates mitochondrial 

energetics are not fully elucidated. We have identified changes in the 
activity of enzymes in the mitochondrial electron transport chain 
and TCA cycle in response to increased CaMKII levels or activity, 
indicating a novel and critical role in mitochondrial metabolism for 
this kinase. We are currently mapping the mtCaMKII interactome 
via liquid chromatography–mass spectrometry (LCMS) and 
proteomics analysis of both scaffolding interactions with proximity 
labeling utilizing TurboID technology alongside endogenous 
protein pulldowns. Additionally, we are identifying novel CaMKII 
kinase-substrate relationships using an ATP-analogue labeling, in 
order to identify metabolic enzymes which may be regulated via 
post-translational modifications by CaMKII. The identification of 
previously unknown mitochondrial partners for cardiac CaMKII 
may uncover promising pharmacological targets for cardiovascular 
therapeutics, as this kinase is a critical player in the progression of 
HF. 
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Utilizing viable CTCs for gene-mediated personalized functional assays
Hyun Woo Sung, SJ Claire Hur  
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Uromodulin, Epidermal Growth Factor, and Diabetic Kidney Disease Progression: Distal Tubule Urinary 
Biomarkers in VA NEPHRON-D
Christina L. Tamargo, David Hu, Heather Thiessen Philbrook, Joseph Bonventre, Linda Fried, Chirag R. Parikh  

Liquid biopsy samples for precision medicine applications are 
emerging as a complementary source of valuable prognostic 
information to current cancer treatment strategies by enabling 
longitudinal monitoring of disease progression to tailor therapeutic 
decisions timely. Circulating tumor cells (CTCs) found in peripheral 
blood liquid biopsies are a rare subpopulation of cancer cells shed 
into the circulatory system directly from tumors that colonize 
secondary tumor sites and thus are cells with valuable clinical 
relevance. Clinical utility involving CTCs from cancer patients 
is limited because most CTC assessments pertain to cytotoxic, 
endpoint assays. Compromising CTC viability abridges further 
detailing for real-time tumor information and application into 
downstream functional assays, thus hampering clinical integration 

for precision medicine. Previously, we have demonstrated a 
workflow using vortex cell purification technology with a microscale 
electroporator to deliver and monitor response to chemotherapeutic 
agents from cancer cells isolated from the blood. Here, we detail an 
updated electroporator microfluidic device operating at clinically 
relevant throughput (144 cell-trapping chambers, with blood 
processing flow rates of 3.0 mL/min) to deliver plasmid DNA into 
CTCs from liquid biopsy samples. Through DNA delivery into viable 
CTCs, our tool has relevant clinical applications in gene therapy 
and transgenic cell immortalization research to further expand and 
augment our understanding of cancer biology and enable CTCs to be 
a paradigm shift in cancer treatment. 

Background: Evaluation for diabetic kidney disease (DKD) 
progression using estimated glomerular filtration rate (eGFR) and 
albuminuria has diagnostic and prognostic limitations. Urinary 
biomarkers of the proximal renal tubule (KIM-1, NGAL, L-FABP) have 
demonstrated associations with DKD progression, but investigations 
of biomarkers of distal tubular health in DKD have been limited. 

Methods: We evaluated associations between two distal tubular 
urinary biomarkers, epidermal growth factor (EGF) and uromodulin 
(UMOD), and DKD progression among 1135 participants in the 
Veterans Affairs Diabetes iN Nephropathy (VA NEPHRON-D) clinical 
trial. DKD progression was defined as eGFR decline (>30 ml/min/1.73 
m2 if eGFR at randomization was >=60 ml/min/1.73 m2, or >50% if 
eGFR at randomization was <60 ml/min/1.73 m2) or incident end-
stage kidney disease (ESKD). EGF and/or UMOD were measured by 
electrochemiluminescence assay in a single batch in urine samples 
collected at trial enrollment. 

Results: At baseline, the mean age was 64.9 years, most patients 
(62.9%) had CKD stage 3 or worse, the mean eGFR was 56.2 ml/
min/1.73 m2, and the median urine albumin-to-creatinine ratio 
was 840 mg/g. One hundred forty-eight patients (13.0%) had DKD 
progression over median 2.2-year follow-up. The highest tertiles of 
EGF and UMOD were strongly associated with the lowest event rates 
in unadjusted and fully adjusted models (adjusted HR 0.51 (0.32, 
0.81) and 0.45 (0.28, 0.73), respectively. Table). 

Conclusion: Among veterans with DKD, higher baseline levels of 
urinary biomarkers EGF and UMOD were associated with a lower 
risk of DKD progression. Distal tubular health deserves further 
investigation in DKD cohorts and clinical trials. 
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Hypoglycemia Assessment and Prevention in Primary Care
Kayla A. Meza, Judith A. Long, Howard S. Gordon, Jeffrey T. Bates, Donna L. Washington, Barbara G. Bokhour, Anaïs Tuepker, Somnath Saha, 

Mary Catherine Beach, Nisa M. Maruthur   
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Contrasting Effects of DBTTF Crystallite Charge Trapping and Bias Stress in Polystyrene-Based 
Organic Field-Effect Transistors

Hypoglycemia is a major cause of morbidity in patients with diabe-
tes, yet limited studies suggest it is rarely discussed in clinical en-
counters. We conducted the first multicenter study examining how 
primary care providers (PCPs) assess for and prevent hypoglycemia. 
This mixed methods study analyzed audio-recorded visits between 
patients using hypoglycemia-causing medications (N=238) and their 
PCPs (N=49) at 4 geographically diverse Veterans Affairs medical 
centers in 2017-2020. Two investigators independently coded hypo-
glycemia-related dialogue using a directed content analysis ap-
proach. We analyzed predictors of deintensifying medications using 
multivariable logistic regression. Results: patients’ mean age was 67 
years, 65% used insulin and 40% used sulfonylureas. Hypoglycemia 
history was discussed in 78/238 visits (33%). Several patients were 
confused by PCPs questions about hypoglycemia or reported normal 
glucose values being low. PCPs provided anticipatory guidance in 

49 visits (21%) consisting of holding medications while fasting and 
carrying glucose tabs; glucagon kits and avoiding driving were not 
discussed. Hypoglycemia-causing medications were deintensified 
more often in patients with vs. without hypoglycemia (29% vs. 2%, 
p<0.01). However, only 5/12 patients (42%) who reported hypoglyce-
mia with A1c <7.0% had medications deintensified. In conclusion, 
PCPs assess for hypoglycemia in less than one third of visits for 
at-risk patients and use language that may not be understood. Few 
PCPs provide hypoglycemia anticipatory guidance, which misses key 
concepts. Counter to guidelines, deintensifying hypoglycemia-caus-
ing medications does not occur routinely after hypoglycemia with 
lower A1c levels. Routine hypoglycemia assessment and provision of 
diabetes self-management education is needed to improve the safety 
of diabetes care.

Christopher Riley Bond, Howard E. Katz 

Dibenzotetrathiafulvalene (DBTTF) is an organic small molecule 
that has been well-studied as an organic semiconductor due to 
its strong electron donating behavior and ability to easily form 
ordered, crystalline structures. While DBTTF is an attractive organic 
semiconductor, the charge trapping properties of small, separated 
crystallites of DBTTF in polymer dielectrics have not been studied. 
Charge trapping and storage in organic field-effect transistors 
(OFETs) significantly influence the threshold voltage (Vth), or voltage 
at which the device “turns on”. Blends of DBTTF and three different 
polystyrene (PS)-based polymers were solution processed to make 
OFETs using pentacene as the semiconducting layer. OFETs were 
charged with -70 V for five minutes on top of the source and drain 
electrodes to determine the Vth shift of each device by measuring 

transfer curves before and after charging. Despite the strong electron 
donating behavior of DBTTF, the crystallites did not increase the 
magnitude of the Vth shift. Instead, contrasting effects between bias 
stress induced by the source-drain charging and charge trapping 
within DBTTF crystallites caused decreases in the Vth shifts of the 
OFETs as the DBTTF concentration increased. PS-based OFETs 
exhibited Vth shifts of 34.17±1.04 V with no DBTTF present and Vth 
shifts of -14.75±13.08 V with 10 weight percent of DBTTF present. 
Each polymer matrix resulted in different magnitudes of decreased 
Vth shifts and different sizes, morphologies, and densities of 
DBTTF crystallites observed via laser optical microscopy. This work 
indicates the charge trapping behavior of DBTTF crystallites could 
improve dielectric breakdown strength of PS-based polymers. 
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Increasing Medical Supplies Resilience in response to COVID-19
Jing Liu, Kimia Ghobadi   
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Expression of MiR-637/COL18a1 in the SU5416/Hypoxia Model of Pulmonary Arterial Hypertension
Anjira S. Ambade, PhD, Tijana Tuhy, MD, Neal R. Klauer, MD, Mario Naranjo, MD MHS, Catherine E. Simpson, MD MHS, Paul M. Hassoun, 
MD, Rachel L. Damico, MD PhD

COVID exposes unstable healthcare supply chain markets and 
collapsed, under-responsive healthcare systems. The shortage 
of medical supplies e.g., Personal Protective Equipment (PPE) 
highlighted the weaknesses in healthcare inventory systems. These 
often-decentralized systems are rarely demand-driven or reflect 
actual clinical and hospital needs. These systems are typically 
expensive, sensitive to market changes, fragile to any change in 
demand, unaware of potential uncertainties and medical supplies 
shortage, especially masks. We aim to centralize the inventory 
system and integrate the shortage needs of patients and clinical 
staff into the seemingly operational inventory processes of decision-
making. Surging COVID-19 positive cases make it difficult to 

accurately forecast demand. Volatile markets make delivery times 
unstable and uncertain. We use stochastic and robust optimization 
both conventional methods and adapt uncertainties of demand 
and delivery time into our models to acquire medical supplies. We 
validate the effectiveness of our models using real and synthetic data 
from New York University Hospital (NYUH) in 2020. These results 
indicate that we can make better decisions with less 90% shortage 
than conventional tools and more easily and effectively meet the 
needs experienced by nurses, doctors and patients during high-
demand surges. Future directions of our work include developing 
forecast algorithms for hospital demand and unifying it with the 
decision-support model.

Rationale: Endostatin, an angiostatic peptide is a prognostic 
biomarker in pulmonary arterial hypertension (PAH) associated 
with adverse hemodynamics and mortality. We hypothesize that 
microRNA-637 (miR-637) regulates COL18a1/ES expression, and 
decreases in miR-637 contribute to disease-associated elevations in 
COL18a1/ES.

Methods: Male Wistar rats were randomized to SU5416 and chronic 
hypoxia (SuHx) to induce PAH. Human microvascular endothelial 
cells were exposed to ambient oxygen or hypoxia. Human Col18a1 
3’UTR was cloned into the pEZX-MT05 (Genecopoeia, MD) 
expression plasmid downstream of the secreted Gaussia luciferase 
gene to serve as a 3’UTR reporter. MicroRNA mimetic or control 
mimetic was introduced by transient transfection. 

Results: In vivo, COL18a1/ES mRNA and protein expression 
increased in the heart and lungs during disease development in the 
SuHx rat model. Expression of COL18a1 mRNA in the right ventricle 

(RV) was associated with metrics of RV afterload and remodeling, 
including higher RV systolic pressure, RV weight indexed to body 
weight, and Fulton’s index. In contrast, the expression of miR-637 
was significantly decreased in SuHx rats at 21 days. Spearman 
correlation analysis revealed a strong inverse relationship between 
miR-637 and COL18a1. In vitro, both the total COL18a1 mRNA and 
the COL18a1 3’UTR were increased by hypoxia, implicating the 
3’UTR region of COL18a1 in the regulation of gene expression. A 
putative miR-637 binding site is located within the COL18a1 3’UTR. 
In vitro, transfection of a miR-637 mimetic significantly reduced 
COL18a1 mRNA expression. 

Conclusions: Our results suggest that miR-637 is a potential novel 
inhibitor of COL18a1 expression, and both may represent new 
therapeutic targets in PAH.

Research Funding Source: This work was supported by NIH 
HL114910/R01 (PMH), and NIH HL132153/R01(RLD/PMH). 
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Time-dependent prevalence estimation and optimal classification for diagnostic testing 
Prajakta Bedekar, Anthony J. Kearsley, Paul N. Patrone

Antibody tests can identify past infection by quantifying the immune 
response of an infected individual, thereby providing guidance for 
decisions about public health measures. The relative antibody mea-
surements change with time due to the variation in an individual's 
antibody levels and prevalence in the population as the pandemic 
progresses. In this talk, I will demonstrate the use of optimal deci-
sion theory to develop a time-dependent, probabilistic classification 
scheme which takes both the personal and the population-level 

effects into account. These classification domains change with time 
and suggest a natural adaptive scheme for estimation of prevalence, 
considering the progression of the pandemic. I will illustrate the 
results by using a combination of SARS-CoV-2 and synthetic data 
sets, and detail the type of data needed to execute this scheme in re-
al-world settings. This talk is based on joint work with Paul Patrone 
and Anthony Kearsley...
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VeloViz: RNA velocity-informed embeddings for visualizing cellular trajectories 
Lyla Atta, Arpan Sahoo, Jean Fan

High-throughput single cell transcriptomics technologies enable 
genome-wide gene expression profiling in individual cells but can 
only provide snapshot measurements. RNA velocity analysis can 
infer gene expression dynamics, predict cells’ future transcriptional 
states, and understand cell transcriptional state trajectories. To 
interpret these cell state changes as part of underlying cellular 
trajectories, current approaches rely on visualization on low 
dimensional embeddings derived from methods like t-SNE and 
UMAP. However, these methods can yield different representations 
of underlying trajectories, hindering interpretation of cell state 
changes.To address this challenge, we developed VeloViz, which 
incorporates RNA velocity information to create low dimensional 
embeddings of single cell transcriptomics data. VeloViz takes into 
account cells’ current observed and predicted future transcriptional 
states inferred from RNA velocity to create a k-nearest neighbor 
graph representing cells in the population, which can then 

be visualized in two- or three-dimensions using graph layout 
approaches.We demonstrate that VeloViz embeddings can capture 
simulated cellular trajectories across diverse topologies. Likewise, 
VeloViz embeddings recapitulate expected cycling and branching 
trajectories in real single cell RNA sequencing and MERFISH 
transcriptomic data. Further, we show that VeloViz may be better 
able to depict cellular trajectories in scenarios with gaps in cellular 
trajectories, which can occur if intermediate cell states are rare, 
short-lived, or differentially impacted by cell isolation protocols. 
Overall, we show that by incorporating dynamic information 
from RNA velocity analysis, VeloViz can help ensure more reliable 
representations of single cell transcriptional state changes, 
aiding in the interpretation of cellular dynamics from single cell 
transcriptomics data.
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The intersection of O-GlcNAc and YAP – A novel axis in the development of heart failure 
Gabriel-Lopez Cecetaite, BS, Priya Umapathi, MD

Hypertension and heart failure (HF) rates continue to grow 
exponentially world-wide. Both entities are interlinked and 
associated with increased levels of O-beta-N-Acetylglucosamine 
modified proteins in the heart (OGN). These levels are determined 
by the net activity of two enzymes, OGT and OGA. We created 2 
transgenic (TG) mouse models with myocardial OGT overexpression 
(OGT TG) and OGA overexpression (OGA TG). OGT TG mice 
developed pathological cardiac hypertrophy and HF. OGA TG mice 
had attenuation of increased OGN following transaortic constriction 
(TAC), and were protected against cardiac hypertrophy and HF. OGT 
TG interbred with OGA TG (TxA) rescued HF, suggesting agents 
that reverse excessive OGN could lead to new HF therapies. Active 
research is underway to identify O-GlcNAc modified proteins/

pathways mediating the effect of excess OGN on HF. We proposed 
one pathway may involve activated Yes Associated Protein (YAP). To 
date, O-GlcNAc activation of YAP has only been reported in cancer 
cells but it’s role in cardiac disease is unknown. We quantified levels 
of activated YAP in WT, OGT, OGA and TxA mice and found increased 
activated (nuclear) YAP in OGT TG, however, levels in OGT x OGA 
mice were similar to WT. YAP target genes are upregulated in OGT 
TG hearts but interbred TxA animals have normal cardiac function 
and YAP target gene expression, additionally OGA TG mice protected 
against TAC have decreased levels of YAP gene targets involved 
in pathological hypertrophy, Cyr61/CCN1. These preliminary 
data suggest the O-GlcNAc -YAP axis may be a novel pathway for 
promoting pathological hypertrophy and HF 
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Intelligent Immersive Training and Assessment System for Healthcare
Ehsan Azimi, Ph.D., Judy Huang, MD, Chien-Ming Huang, Ph.D., Nassir Navab, Ph.D., Peter Kazanzides, Ph.D.

The complexity of medical interventions and processes is 
continuously increasing. However, due to working-hour restrictions, 
increasing costs, and ethical concerns regarding patient safety, 
clinical training opportunities are continuously decreasing. 
Education and quality training of healthcare professionals remains 
a challenge and despite considerable improvements in immersive 
technology such as Augmented Reality (AR) and Virtual Reality (VR), 
these modalities have not yet been integrated systematically into the 
curriculum or practical training of healthcare professionals. 

We, therefore, propose an interactive ecosystem for training and 
assessment of clinical tasks in mixed reality, which consists of 
authoring the desired surgical task, immersive training and practice, 
assessment of the trainee, and sensory and behavioral analysis. This 
information-based ecosystem will also provide the data to train 
machine learning algorithms.  Our mixed reality training ecosystem 
is agnostic to the procedure or specific hardware which makes it 
scalable and sustainable.
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Autonomous Untethered Microinjectors for Gastrointestinal Insulin Delivery
Wangqu Liu, Arijit Ghosh, Ling Li, Gayatri J. Pahapale, Si Young Choi, Liyi Xu, Qi Huang, Ruili Zhang, Zijian Zhong, Florin M. Selaru, and 

David H. Gracias  
Subcutaneous insulin injections are the standard of care to 
treat diabetes mellitus worldwide. Injectable formulations have 
limitations, including pain, infections, and reduced patient 
adherence. Consequently, enteral (within the lumen of the 
gastrointestinal (GI) tract) delivery of insulin has been proposed 
as an alternative. However, the enteral delivery of insulin has been 
impossible to date due to the fact that the GI tract represents a 
formidable barrier to the delivery of macromolecules.  Here, we 
describe millimeter-scale, enterally delivered, transmucosal 
microinjectors powered by residually stressed bilayermhinges 
with sharp tips. We integrated insulin-loaded gel patches onto the 

injectors and a physiological temperature responsive trigger layer.  
Upon introduction into the GI tract, the devices spontaneously 
fold and insert their sharp microtips into the GI mucosal tissue. 
Using in vitro and in vivo experiments, we have observed that the 
microinjectors can inject insulin across the mucosal barrier.  Due 
to their small size and autonomous actuation, we anticipate 
that the microinjectors could provide enhanced value for oral 
macromolecular drug delivery. 
Reference: A. Ghosh, W. Liu, et. al., ACS Nano 2022, 16, 10, 16211–
16220 
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Regulatory networks governing multipotency of bone marrow stomal cells 
Yu-Hao Cheng, Ryan Chan, Qin Bian, Patrick Cahan

The stroma of bone marrow includes a diverse range of cells, 
including a multipotent subset that is defined by its ability of clonal 
expansion in vitro and osteogenic, adipogenic, and chondrogenic 
differentiation, both in vitro and in vivo. These features have made 
bone marrow stromal cells (BMSCs) a potential source of cell-based 
therapies. Typically, BMSCs are expanded in vitro prior to their use, 
but the extent to which the expansion alters the molecular state 
is unknown. To address this gap, we performed single-cell multi-
omics, in which both mRNA and DNA accessibility are measured 
in the same cell, on mouse BMSCs at day 0, 1, and 3 post-isolation. 
The day-0 BMSCs formed three distinct clusters: Cxcl12 abundant 
reticular (CAR) cells, and two groups of osteoprogenitors (OSPs). 
The regulatory networks inferred based on gene expression and 

accessible regulatory regions identified transcriptional circuits 
governed by the lineage specifiers Pparg, Runx2, and Mef2c, 
suggesting that the day-0 BMSCs are biased towards their respective 
lineages in vivo. After three days of expansion, the BMSCs collapsed 
into a transcriptional state exhibiting a hybrid osteoprogenitor 
and fibroblast identity, governed by Srebf1 and the primitive streak 
regulator Tbxt (Brachyury). Furthermore, we observed a higher 
degree of differentiation potential in day 3 cells based on the 
Cytotrace, in vitro, and in vivo differentiation assays. Collectively, our 
data and analysis support a model in which the OSPs underwent a 
dedifferentiation cell-state transition. Future work will explore the 
candidate mediators of this process as predicted by our multi-omics 
network analysis. 
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Lack of Full Transmurality in Atrial Fibrosis Distribution Promotes Local Arrhythmogenic Activity that 
Sustains Atrial Fibrillation (AF)
Syed Yusuf Ali , Yuncong “Toby” Mao, Ryan P. Bradley, Carolyna Yamamoto A. P., Shane Loeffler, Kensuke Sakata, Adityo Prakosa, Eugene G. 
Kholmovski, Natalia A. Trayanova 

   Background: The AF mechanisms in persistent (PersAF) patients 
with fibrotic remodeling remain incompletely understood. Atrial 
fibrosis is visualized on Late Gadolinium Enhanced (LGE)-MRI, 
however it remains unknown what features of the fibrotic substrate 
are arrhythmogenic and likely to sustain AF reentrant drivers (RDs). 
Atria being thinner than ventricles, the 3D aspect of atrial fibrosis 
distribution and the resulting difference in endo- and epicardial 
activity has not been explored and it is unknown whether fibrosis 
transmurality plays a role in promoting RDs formation. 

Objective: To elucidate the role of the 3D fibrosis distribution in 
AF substrate arrhythmogenicity using personalized computational 
modeling of patient atria.

Methods: Three persAF patients underwent LGE-MRI scans. 
The scans were used to generate bi-atrial models with fibrosis 
distribution. Personalized computational modeling probed 
substrate arrhythmogenesis.

Results: A dissonance in EP activity between endo- and epicardium 
was observed in all atria, stemming from dissimilar endo-epi 
fibrosis patterns. Significant differences were found between endo- 
and epicardium fibrosis patterns in regions of RD formation (Fig. 
A, C). The dissonant endo-epi EP activity was instrumental in RD 
formation. The transmurally inconsistent conduction between endo 
and epi allows for the wavefront to form preferential conduction 
pathways within the 3D substrate and causes rotational wave activity 
to persist around the patch of fibrosis with incomplete transmurality 
(Fig. B).

Conclusion: Regions of highly dissimilar endo-epi LGE-MRI fibrosis 
are instrumental to the formation of RDs in the AF substrate and 
must be prioritized for extra-PVI ablation to reduce AF recurrence in 
PersAF patients.
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Interpreting Medical Images: Towards Annotation-Efficient Deep Learning for Computer-  Aided Diag-
nosis
Zongwei Zhou, Michael B. Gotway, Jianming Liang   

The interest in artificial intelligence (AI) applications in medical 
imaging has grown rapidly in the past decades, largely driven by 
the success of deep learning. Methods ranging from convolutional 
neural networks to generative adversarial networks have found 
myriad applications in medical imaging, propelling it forward at a 
rapid pace. AI excels at recognizing and localizing intricate patterns 
from images and providing quantitative assessments. An increasing 
shortage of qualified physicians to interpret complex medical 
images suggests a clear need for reliable AI algorithms to alleviate 
the growing burden on healthcare practitioners. Thus, we anticipate 
AI could significantly influence healthcare in the future, particularly 
on two prevailing tasks. First, the tasks that physicians must do but 
do not really want to do, which are often of low value or are repetitive. 

These tasks are tedious, laborious, and time-consuming, such as 
outlining the contours of the tumors and at-risk organs. Second, 
the tasks that physicians really want to do but cannot do very well, 
owing to the lack of knowledge, skill, relevant experience, or the 
limitation of human perception. Examples include determining the 
presence of malignancy within a lesion prior to tissue sampling or 
surgery, predicting the tumor response to radiation/chemotherapy, 
etc. Physicians should become familiar with the principles and 
potential AI applications, using the output from AI algorithms as 
a "second opinion"; yet it is the physicians who eventually make the 
final decisions. This chapter is included in an introductory textbook 
of Biomedical Informatics edited by Drs. Cohen, Patel, and Shortliffe.
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Pancreatic Ductal Adenocarcinoma (PDAC) Detection Using Per-Slice Annotation
Shuojue Yang, Bowen Li, Fengze Liu, Jie-Neng Chen, Qihang Yu, Yingda Xia, Zhuotun Zhu, Yongyi Lu, Linda Chu, Satomi Kawamoto, Seyoun 
Park, Daniel Fadaei Fouladi, Shahab Shayesteh, Jefferson Graves, Alejandra Blanco, Eva S. Zinreich, Benedict Kinny-Koster, Elliot K. Fishman, 
Alan Yuille, Zongwei Zhou 

Purpose: This study is to evaluate if AI algorithms can get 
comparable or even better results with much simpler annotation 
strategies (i.e., per-slice instead of per-voxel labels).

Methods and Materials: 1,670 abdominal CTs were collected and 
annotated in Johns Hopkins Hospital (JHH), where three expert 
radiologists annotated the per-voxel contours for the pancreas and 
PDAC. The MSD-Pancreas and NIH Pancreas-CT datasets were used 
to evaluate the generalizability of AI algorithms to CTs taken from 
different acquisition protocols, consisting of 282 PDAC cases and 
82 normal cases, respectively. An image-to-image translation was 
used to exploit per-slice labels, where a generator sub-network was 
trained to translate a healthy version of its input CT slice. Once 
trained, the potential PDAC region could be detected by simple 
subtraction of the input and output images. 

Results: With per-slice labels, our algorithm yielded a sensitivity 
and specificity of 92.5% [95% CI: 92.1%-95%] and 91.3% [95% CI: 
90.9%-92.6%] on the JHH test set, which was similar to those trained 
with voxel-wise labels, i.e., a sensitivity and specificity of 92.4% 
[95% CI: 92.1%-94.6%] and 93.0% [95% CI: 92.6%-94.7%]. Moreover, 
simpler annotations generalized very well on two external datasets, 
obtaining a sensitivity of 96.4% [95% CI: 96.2%-97.8%] on MSD-
Pancreas and a specificity of 91.5% [95% CI: 90.9%-94.8%] on NIH 
Pancreas-CT.

Conclusions: The simpler annotations can reduce annotation cost 
by factors of 8, while preserving a comparable PDAC detection 
performance with algorithms trained with detailed per-voxel 
annotations. AI algorithms, trained with simpler annotations, could 
also generalize well on other datasets. 
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Label-Free Liver Tumor Segmentation
Qixin Hu, Yixiong Chen, Junfei Xiao, Shuwen Sun, Jie-Neng Chen, Alan Yuille, Zongwei Zhou

We empirically demonstrate that liver tumor segmentation can be 
done by AI models without manual per-voxel tumor annotation 
developed by humans. This is achieved by tumor synthesis in 
abdominal CT scans. Our synthetic tumors have two intriguing 
advantages: (I) realistic in shape and texture, which even medical 
professionals can confuse with real tumors; (II) effective for 
training AI models, which can perform liver tumor segmentation 
similarly to the model trained on real tumors—this result is exciting 
because no existing work, using synthetic tumors only, has thus 
far reached a similar performance to real tumors. This result also 
implies that manual efforts for developing per-voxel annotation of 
tumors (which took years to create) can be considerably reduced for 
training AI models in the future. Moreover, our synthetic tumors can 

automatically generate many examples of small synthetic tumors 
and have the potential to improve the success rate of detecting small 
liver tumors, which is critical for detecting the early stages of cancer. 
In addition to enriching the training data, our synthesizing strategy 
also enables us to rigorously assess the AI robustness under five 
parameters, i.e., tumor shape, size, texture, intensity, and location. 
Each parameter, taking five different values, yields 5x5 synthetic 
tumor examples in each CT scan. We have constructed a huge 
dataset of 1,971 unique CT scans (over 49K examples with annotated 
synthetic tumors). This synthetic dataset allows us to find failure 
modes of current AI and make the algorithms more robust for 
detecting tumors in the real world. 
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CLIP-Driven Universal Model for Organ Segmentation and Tumor Detection
Jie Liu, Yixiao Zhang, Jie-Neng Chen, Junfei Xiao, Yongyi Lu, Bennett A. Landman, Yixuan Yuan, Alan Yuille, Yucheng Tang, Zongwei Zhou

Purpose: To automated segment 25 abdominal organs and detect 
6 types of tumors in CT scans taken from different hospitals, 
institutes, and countries.

Methods and Materials: We developed a Universal Model from 
an assembly of 14 public datasets of 3,410 CT scans. In total, 25 
organs and 6 types of tumors were partially labeled. To deal with 
partial labels, Universal Model consisted of a text branch and 
a vision branch. The official test set of Medical Segmentation 
Decathlon (MSD) and Beyond The Cranial Vault (BTCV) were used 
to benchmark the performance of organ segmentation and tumor 
detection. The 3D-IRCADb and TotalSegmentator datasets were used 
for external validation of model generalizability and transferability. 
In addition to public datasets, the Universal Model was evaluated 
on a large-scale private dataset from Johns Hopkins Hospital, 
consisting of 5,038 CT scans with 21 annotated organs, to investigate 

the extensibility to new classes. Dice Similarity Coefficient (DSC) was 
evaluated for organ/tumor segmentation; Sensitivity and Specificity 
are evaluated for tumor detection.

Results: The Universal Model can segment 6 organs as accurately as 
human experts (i.e., Spleen, liver, kidneys, stomach, gallbladder, and 
pancreas). In addition, the Universal Model surpassed the previous 
state-of-the-art AI model in detecting liver tumors, pancreatic 
tumors, and colon tumors, achieving a high Specificity of 95%, 95%, 
and 91% on normal CT scans, while maintaining a compelling 
Sensitivity of 89%, 92%, and 94% on abnormal CT scans.

Conclusion: The proposed Universal Model possessed compelling 
efficiency, generalizability, transferability, and extensibility in organ 
segmentation and tumor detection. 
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Making Your First Choice: To Address Cold Start Problem in Medical Active Learning 
Liangyu Chen, Yutong Bai, Siyu Huang, Yongyi Lu, Bihan Wen, Alan L. Yuille, Zongwei Zhou

Purpose: To reduce manual labeling efforts from clinicians required 
for the development of high-performance AI algorithms for 
computer-aided diagnosis.

Methods and Materials: Three medical imaging datasets were used: 
Cohort 1, Cohort 2, and Cohort 3 consist of 107,180 colorectal 
cancer tissue histopathological images, 58,850 abdominal CT scans 
of multiple organs, and 17,092 microscopic peripheral blood cell 
images, respectively. The datasets were randomly split into 85% 
and 15% for developing and evaluating. To determine which data 
points to be labeled first, we examined two sampling methods: 
active sampling and random sampling (as comparison). For active 
sampling, we selected the most typical and diverse data points, 
asked clinicians to annotate them first, and used them to develop 
AI algorithms. For random sampling, data points were randomly 
selected for annotation. The disease diagnosis accuracy obtained by 
AI was evaluated by Area Under the ROC Curve (AUC) scores. 

Results: Active sampling significantly outperforms random sampling 
by an AUC improvement of 1.8% on Cohort 1, 2.6% on Cohort 2, 
and 5.2% on Cohort 3. In summary, our active sampling can reduce 
annotation costs by over 60% while maintaining high performance 
of AI algorithms. 

Conclusions: Data are not created equal; intelligently selecting 
important data points (i.e., typical and diverse) to be annotated 
first can significantly reduce labeling efforts for clinicians and these 
data are more critical for the development of high-performance AI 
algorithms.

Clinical Relevance/Application: This observation is encouraging 
because active sampling relieves the annotation burden for 
clinicians and addresses data scarcity in AI for healthcare. 
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Delving into Masked Autoencoders for  Multi-Label Thorax Disease Classification
Junfei Xiao, Yutong Bai, Alan Yuille, Zongwei Zhou

Vision Transformer (ViT) has become one of the most popular neural 
architectures due to its great scalability, computational efficiency, 
and compelling performance in many vision tasks. However, ViT 
has shown inferior performance to Convolutional Neural Network 
(CNN) on medical tasks due to its data-hungry nature and the 
lack of annotated medical data. In this paper, we pre-train ViTs on 
266,340 chest X-rays using Masked Autoencoders, which reconstruct 
missing pixels from a small part of each image. For comparison, 
CNNs are also pre-trained on the same 266,340 X-rays. The results 
show that our pre-trained ViT performs comparably to the state-
of-the-art CNN for multi-label thorax disease classification. This 
performance is attributed to the strong recipes extracted from our 
empirical studies for pre-training and fine-tuning ViT. We overcome 
several technical barriers and bring reusable insights to the medical 

vision community. Specifically, the pre-training recipe signifies 
that medical reconstruction requires a much smaller proportion 
of an image (10% vs. 25%) and a more moderate random resized 
crop range (0.5~1.0 vs. 0.2~1.0) compared with natural imaging. 
Furthermore, we remark that in-domain transfer learning is 
preferred whenever possible. The fine-tuning recipe discloses that 
layer-wise LR decay, RandAug magnitude, and DropPath rate are 
significant factors to consider. We have released ViT-Small and ViT-
Base, which are pre-trained on 510K X-ray images. The pre-trained 
ViT encoder can be fine-tuned to improve classification tasks and 
detection tasks. We hope that this study can direct future research 
on the application of Transformers to a larger variety of medical 
imaging tasks. 
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A Retrospective Comparison of Liver Steatosis Scoring from Conventional Ultrasound using Scalable 
Deep Learning vs FibroScan
Bowen Li, Ke Yan, Le Lu, Adam Harrison, Dar-In Tai, Alan Yuille, Zongwei Zhou

Conventional ultrasound (US) is the frontline screening modality for 
liver steatosis, but associated diagnoses are highly subjective, with 
low intra- and inter-rater consistency. Quantitative ultrasound tools, 
like FibroScan, can offer non-invasive objective scores, but their 
availability is limited. Ideally, a quantitative score could be produced 
from conventional US. Deep learning algorithms, powered by large 
volumes of data, have the potential to produce objective computer-
aided diagnosis systems from conventional US, which could provide 
more widely available quantitative liver steatosis scores. Toward 
this end, we develop an accurate and generalizable scoring system 
for liver steatosis from US, using scalable deep learning and the 
largest algorithmic training cohort to date. We trained a deep 
learning neural network with retrospectively collected US images 
from 3310 patients from the clinical archives of the Chang Gung 

Memorial Hospital. The deep learning algorithm was trained to 
diagnose steatosis grades along an ordinal scale: healthy, mild, 
moderate, or severe. Images must belong to one of four common 
liver viewpoints. We validated performance on two histopathology-
proven patient cohorts: HP-U and HP-T, which include 147 and 80 
patients respectively, and we compared diagnostic performance with 
control attenuation parameter scores from FibroScan.  The proposed 
deep learning algorithm outperformed FibroScan on the clinical 
test cohorts: our algorithm reported AUCs of 0.93, 0.97, and 0.92 for 
diagnosing >=mild, >=moderate, or =severe steatosis, respectively, 
while FibroScan reported AUCs of 0.89, 0.923, and 0.82, respectively.  
Our algorithm could be used for liver steatosis patient screening and 
longitudinal monitoring to provide decision support for clinicians. 
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Ultra-TransUNet: An Ultrasound Video Segmentation Framework with Spatial-Temporal Context 
Feature Fusion
Bowen Li, Humphrey Chow, Max Allan, Jonathan McLeod, Alan Yuille, Zongwei Zhou

Image segmentation of ultrasound videos is not an easy task because 
of the vagueness of ultrasound images, yet it is a helpful application 
for intra-surgery tumor detection and key organ protection. Previous 
ultrasound segmentation methods, such as UNet and Swin-UNetR 
focus on single image segmentation, and natural image video 
segmentation methods such as VisTR requires a large volume of 
GPU memory which is not easily trained and applied with limited 
calculation resources.  We put forward an ultrasound video 
segmentation framework called Ultra-TransUNet, which makes use 
of both temporal and spatial context, to segment ultrasound videos. 
The neural network is built based on Trans-UNet, with an additional 
temporal feature fusion block. It takes consequent image frames 
from the ultrasound video as input, and calculates both spatial and 
temporal context around the region of interest. An additional input 
needed is a pretrained UNet segmentation network. The method 
was tested in real time on Da Vinci robotic surgery systems. We 

evaluated our methods on phantom, animal and cadaver labs for 
segmenting two types of clinically relevant targets: tumors through 
phantom studies and the ureter in animal and cadaver labs. Our 
method improved the Dice score and sensitivity performance from 
baseline methods for about 2.6% and 14.1%, respectively, averaged 
for 3 datasets. It shows that cross-frame information could help 
improve the segmentation performance for ultrasound videos.  We 
hope our algorithm could provide with surgeons real-time support 
to locate key structures with ultrasound during surgeries, and thus 
protect patients and improve surgical outcomes.

 


