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The Gulf Coast Consortia (GCC), located in Houston, Texas, is a dynamic, multi- institution
collaboration of basic and translational scientists, researchers, clinicians and students in the
quantitative biomedical sciences, who benefit from joint training programs, topic-focused
research consortia, shared facilities and equipment, and exchange of scientific knowledge.
Working together, GCC member institutions provide a cutting-edge collaborative training
environment and research infrastructure beyond the capability of any single institution. GCC
training programs currently focus on Biomedical Informatics, Computational Cancer Biology,
Molecular Biophysics, Neuroengineering, Pharmacological Sciences, Precision Environmental
Health Sciences and Antimicrobial Resistance. GCCresearch consortia gather interested faculty
around research foci within the quantitative biomedical sciences, and currently include
Antimicrobial Resistance, Nanox, Mental Health, Innovative Drug Discovery and Development,
Translational Pain Research, Theoretical and Computational Neuroscience, Single Cell Omics,
Regenerative Medicine, Translational Imaging and Cellular and Molecular Biophysics. Current
members include Baylor College of Medicine, Rice University, University of Houston, The
University of Texas Health Science Center at Houston, The University of Texas Medical Branch
at Galveston, The University of Texas M. D. Anderson Cancer Center, and the Institute of
Biosciencesand Technology of TexasA&M Health ScienceCenter.
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November 8, 2019  Agenda 

 

8:15 Registration and light breakfast  

 
8:50 Welcome 

 
       9:00        Keynote: FDA Expedited Pathways and Regenerative Advanced Therapy Designation 
         Tejashri Purohit-Sheth, US Food and Drug Administration 
 

Session 1: Stem Cell Therapies in Cardiovascular Medicine 

Conveners:  John Cooke, Houston Methodist Research Institute 

                      Jane Grande-Allen, Rice University 
 

9:30 Interventional Strategies to Delay Aging Related Diseases & Conditions of the Musculoskeletal 
System 

         Johnny Huard, Steadman Philippon Research Institute 
 

       10:00 Stem Cell Therapy for Congestive Heart Failure 

 Emerson Perin, Texas Heart Institute 
 

       10:20 RNA-enhanced NextGen Cell Therapies 

 John Cooke, Houston Methodist Research Institute  

 
10:40 Selected Abstract: Zebrafish hoxb5b, a Posterior Hox Factor, Increases Neural Crest Localization 

and Migratory Extent During Embryogenesis 
 Adam Howard, Rice University 

 
      10:50        Break 
 
      11:00        Vendor Session 
 

Session 2: Stem Cell Therapies in Neuroregeneration 
Conveners: Phil Horner, Houston Methodist Research Institute 

  Laura Smith Callahan, University of Texas Health Science Center 

 
11:30 Methodical Reconstruction of Human Neural Networks with Pluripotent Stem Cells 
 Robert Krencik, Houston Methodist Research Institute 
 
11:50 Selected abstract: In Vivo Imaging Demonstrates Posterior to Anterior Pattern of Early 

Neuronal Differentiation in the Zebrafish Enteric Nervous System 
 Philip Baker, Rice University 

 
12:00 Data blitz – 1 min invitations to posters  
 
12:15 Lunch and poster session  (1:30 Poster Session-presenters at posters) 

 



November 8, 2019  Agenda 

 

        2:30                  Session 3: Cell-Based Therapies for Tissue Engineering of Digestive Tissues 
           Conveners:  Cindy Farach-Carson, University of Texas Health Science Center 

                Mary Estes , Baylor College of Medicine 

 

  2:30 Engineering a Stem-Cell Based Salivary Gland Neotissue for Relief of Xerostomia (Dry Mouth)  

 Cindy Farach-Carson, University of Texas Health Science Center  

 

  2:55 Stem-Cell Based Intestinal Organoid Cultures for Understanding Gastrointestinal Infections and 

Repair 

 Mary Estes, Baylor College of Medicine 

 

  3:15  Clonogenic Epithelial Cell Variants Drive Inflammation and Fibrosis in Pediatric Crohn's  

 Frank McKeon, University of Houston 

    

  3:35 Break 

 
         4:00        Keck Seminar: Clinical and Commercial Application of Scaled Human Stem Cell Derivates 

 Hans Keirstead, AIVITA Biomedical 

 

  5:00 Reception 

 

 

 

 
For more information about the speakers and their 

talks visit  
regmed2019.blogs.rice.edu 

 
 



Dr. Tejashri Purohit-Sheth is currently the Director of the Division of Clinical Evaluation and 

Pharmacology/Toxicology (DCEPT) in the Office of Tissues and Advanced Therapies (OTAT) in the Center for 

Biologics Evaluation and Research at the Food and Drug Administration. She provides supervisory oversight for 

the clinical and pharmacology/toxicology review of submissions to OTAT. She previously served as the Clinical 

Deputy Director in DAGRID/ODE/CDRH/FDA as well as Acting Division Director and Branch Chief in Office of 

Scientific Investigation overseeing Bioresearch Monitoring in CDER/FDA and as a Medical Officer in the 

Division of Pulmonary and Allergy Products (CDER/FDA).

She completed an Internal Medicine Residency at Naval Medical Center Portsmouth followed by a 

fellowship in Allergy/Immunology at Walter Reed Army Medical Center. Following fellowship, she took over as 

Service Chief of the Allergy/Immunology clinic at National Naval Medical Center in Bethesda, MD. Following 

her end of obligated service as an active duty Naval Officer, she transferred her commission to the U.S. Public 

Health Service and began her FDA career.

Abstract:  FDA has several programs that support the expedited review of medical products for the treatment 

of severe and life-threatening conditions: Accelerated Approval, Priority Review Designation, Fast Track 

Designation, Breakthrough Designation, and Regenerative Medicine Advanced Therapy Designation. 

Accelerated Approval allows for the approval of a drug/biologic addressing an unmet medical need earlier 

based on a surrogate endpoint, and Priority Review shortens the review time to 6 months for serious 

conditions where there is an unmet medical need. Fast Track, Breakthrough, and Regenerative Medicine 

Advanced Therapy Designation programs are intended to expedite product development and review. This 

presentation will review FDA Expedited Programs with a focus on the FDA experience with the most recently 

implemented program, Regenerative Medicine Advanced Therapy Designation.

Tejashri Purohit-Sheth, MD

Director, Division of Clinical Evaluation and 

Pharmacology/Toxicology

Office of Tissue and Advanced Therapies

Center for Biologics Evaluation and Research
FDA Expedited Pathways and Regenerative Advanced Therapy Designation

U.S. Food and Drug Administration



Dr. Johnny Huard is a world-renowned scientist and is currently the Chief Scientific Officer and Director of the Center for 
Regenerative Sports Medicine at the Steadman Philippon Research Institute (SPRI) in Vail, Colorado. Dr. Huard is also an Affiliate 
faculty, Department of Clinical and Biomedical Sciences, College of veterinary medicine, Colorado State University, Fort Collins
Colorado. Dr. Huard was also a distinguished Professor and Vice Chair for Research in the Department of Orthopaedic Surgery at 
the University of Texas Health Science Center at Houston from May 1, 2015 to February 1, 2019. In addition, he was the Director 
of The Brown Foundation Institute of Molecular Medicine Center for Tissue Engineering and Aging Research in Houston, Texas.  
Prior to his new position at SPRI and UTHealth, Dr. Huard held the Henry J. Mankin Professor and Vice Chair for Musculoskeletal 
Cellular Therapeutics and the Director of the Stem Cell Research Center in the Department of Orthopaedic Surgery at the 
University of Pittsburgh for 20 years.  He also held joint appointments in Microbiology and Molecular Genetics, Bioengineering, 
Pathology and Physical Medicine and Rehabilitation, Pediatrics at the University of Pittsburgh.  Dr. Huard was also the Deputy 
Director of Cellular Therapeutic Research at the McGowan Institute for Regenerative Medicine at the University of Pittsburgh.

Dr. Huard has authored over nearly 400 manuscripts for various scientific journals including Nature Cell Biology, Nature 
Biotechnology, Journal of Cell Biology, Journal of Clinical Investigation, Cell Stem Cells, etc. Dr. Huard and his research team have 
received over 87 awards including the Orthopaedic Society’s prestigious Kappa Delta Awards (in 2004 & 2018), AOSSM’s 
prestigious Cabaud memorial award and was also the recipient of the University of Pittsburgh’s Chancellor’s Distinguished 
Research Award. Dr. Huard received over 50 federal grant awards (NIH, DOD). His laboratory is currently funded by 5 NIH funded 
projects and 1 DOD award that includes 4-clinical trials. Dr. Huard has nearly 37,000 google scholar citations with 101 h-index 
(Citations 36543; h-index:101, i10-index: 330). Some of Dr. Huard’s stem cell research has been used clinically (over 700 patients 
in Canada and the United States) for the treatment of Urinary incontinence (Phase III FDA approved clinical trial). 

The main focus of the Huard’s laboratory is to develop biological medicine approaches to improve tissue repair after injury, 
disease and aging. Dr. Huard is using a variety of technology that falls into 4 different categories which include: Biologics (adult 
stem cells which include muscle derived stem cells, adipose derived stem cells as well as Bone marrow aspirate and Platelet Rich
Plasma); Regenerative Medicine approaches (gene therapy approaches, CRSPR-Cas9, protein delivery like coacervate, 
microspheres, PA nanofibers and magnetic nanoparticles); Therapeutics (FDA approved drugs such as anti-fibrotic agents, pro-
angiogenic agents, telomerase activity, (hTERT), senolytic and senomorphic drugs); Animal Modelling. (dystrophic and progeria 
mice models, super healer mice (MRL/MpJ), parabiosis pairing, pregnancy and osteo arthritis model/microfracture).

Abstract:  Aging leads to several geriatric syndromes including frailty, a condition characterized by loss of functional reserve and 
tissue regeneration repair capacity. Frail individuals exhibit significant mobility and psychological deficits resulting in significant 
healthcare costs. Thus, identifying strategies to delay aging, or prevent the progressive loss of tissue homeostasis and functional 
reserve associated with frailty, will dramatically restore function and independence in millions of elderly patients and significantly 
improve quality of life. We have demonstrated that bone marrow-derived mesenchymal stem cells (MSCs), similarly to muscle-
derived stem/progenitor cells (MDSPCs), become dysfunctional with age & that systemic injection of young MDSPCs/MSCs can 
extend healthspan & lifespan in progeroid mice. We have reported that mTOR signaling pathways are activated in progeroid 
MDSPCs compared with wild-type (WT) MDSPCs. Additionally, inhibiting mTOR with rapamycin promoted autophagy and 
improved the myogenic differentiation capacity of the progeroid MDSPCs. Therefore, mTOR represents a potential therapeutic 
target for improving defective, aged stem cells. In fact, rapamycin and metformin (another m-TOR inhibitor) has been found 
capable to extend lifespan and healthspan in animals. Another fundamental property of aging is the accumulation of senescent 
cells. 

Johnny Huard, PhD 
Chief Scientific Officer and Director 
Center for Regenerative Sports Medicine 
Metagenomic and Host RNA Sequencing for Diagnosis of Infections in Field 
Settings

Steadman Philippon Research Institute 



Dr. Perin was appointed by the Board of Trustees to serve as the new Medical Director of the Texas Heart 
Institute in April 2018. He has provided leadership at the THI for over 25 years, most recently as Director of 
Clinical Research, and is an alumni of the THI Cardiovascular Disease and Interventional Cardiology Fellowship 
programs.
Since the foundation of the Stem Cell Center in 1998 THI has become recognized as the worldwide leader in 
clinical regenerative medicine for cardiovascular disease and under his leadership the first large phase 3 trial 
of cell therapy for heart failure has completed enrollment and is in the final stages of follow up.
Dr. Perin is an interventional cardiologist in his private practice and has been continually ranked within the top 
1% of all interventional cardiologists in the United States. He is the Director of Interventional Cardiology at 
BSLMC and Medical Director of the cardiac catheterization laboratories at BSLMC.

Emerson Perin, MD, PhD , FACC
Director, Center for Clinical Research
Director, Stem Cell Center
Medical Director
Stem Cell Therapy for Congestive Heart Failure

Texas Heart Institute



Dr. Cooke is the Joseph C. "Rusty" Walter and Carole Walter Looke Presidential Distinguished Chair of the 

Department of Cardiovascular Sciences at Houston Methodist Research Institute.  Dr. Cooke trained in 

Cardiovascular Medicine at the Mayo Clinic and obtained a Ph.D. in Physiology there.  Thereafter he was 

recruited to Harvard Medical School as an Assistant Professor of Medicine.  Subsequently, he was recruited 

to Stanford University to develop a Vascular Medicine program, and was Professor in the Division of 

Cardiovascular Medicine at Stanford University School of Medicine, and Associate Director of the Stanford 

Cardiovascular Institute until his recruitment to the Houston Methodist Research Institute in July 2013.

His translational research program is focused on regenerative medicine, and is funded by grants from 

the National Institutes of Health, the American Heart Association, Cancer Prevention Research Institute of 

Texas, Progeria Research Foundation and industry.  He has explored the use of angiogenic agents and 

adult stem cells in the treatment of cardiovascular disease.  More recently, he has generated and 

characterized endothelial cells derived from human iPSCs, and explored their role in angiogenesis and 

vascular regeneration. Recent insights from the laboratory have clarified the role of innate immune signaling 

in nuclear reprogramming to pluripotency and therapeutic transdifferentiation.  He is developing telomerase 

therapy for cellular rejuvenation.    Dr. Cooke has published over 550 research papers, reviews and patents 

with over 25,000 citations; h index = 93 (Scopus, 10-26-18).    For his success in generating and 

commercializing IP, he was named as an Outstanding Inventor of 2015 by the Office of Technology Transfer 

at Stanford University.  Dr. Cooke has served as President of the Society for Vascular Medicine, as a 

Director of the American Board of Vascular Medicine, as an Associate Editor of Vascular Medicine, and is on 

the editorial board of Circulation Research. 

Abstract: Dr. Cooke will focus on the rise of a new therapeutic arena, mRNA therapeutics, that has captured  

the attention of the pharmaceutical industry. The use of mRNA to generate therapeutic proteins has been  

held back by the obstacles of immunogenicity, stability, and delivery of mRNA. However, recent advances in  

the understanding of RNA biology, and development of novel delivery vectors, are making mRNA therapies  

feasible. Just as the field of therapeutic recombinant proteins was born 40 years ago, and cellular  

immunotherapy emerged in the past decade, mRNA therapeutics is a new wave forming in the biopharma  

industry. The major pharma companies are aligning with 3 major mRNA biotech firms, while smaller firms  

and academic research groups are rapidly springing up to populate a new therapeutic frontier. Dr. Cooke will  

discuss this new therapeutic trend and its applications for RNA-enhanced cell therapies for Regenerative  

Medicine.

John P. Cooke, MD, PhD

Professor and Chair, Department of Cardiovascular  

Sciences

Director, Center for Cardiovascular Regeneration
RNA-enhanced NextGen Cell Therapies

Houston Methodist Research Institute



Aubrey G. Adam Howard IV is a 3rd year doctoral candidate under the mentorship of Dr. Rosa Uribe at Rice 
University. Before starting his PhD, he first earned his Bachelors in Biology at Rhodes College in Memphis, TN 
and worked for two years as an analytical chemist at Waypoint, Inc. While working on his undergraduate 
degree, Adam contributed to research projects at several institutions, including St. Jude Children’s Research 
Hospital, Baylor College of Medicine, and Rhodes College exploring a breadth of topics from cell death to 
ecological parasitology. His ongoing doctoral thesis research at Rice University employs Zebrafish (Danio rerio) 
to probe questions about neural crest cell migration and the gene regulatory networks that direct it. Adam 
actively works, with the support of two Rice undergraduates, Aaron Nguyen and Grayson Kotzur, to elucidate 
the role of Hox genes in neural crest cell patterning and migration behavior. Through examining the neural 
crest, he hopes his research can one day inform the design of regenerative therapies for neural crest 
associated disease.

Abstract:  Neural crest cells (NCC) are a vital migratory stem cell population that gives rise to various 
differentiated cell types throughout the vertebrate body; including pigment cells, neurons, and glia. While 
much research progress has been made in understanding the gene regulatory networks that underpin NCC 
specification and their epithelial-to-mesenchymal transition (EMT), the genetic mechanisms that determine 
NCC migration patterns through the embryo remain to be fully characterized, especially regarding more caudal 
NCC populations, such as the vagal NCCs. Characterizing the migration of neural crest stem cells during 
development will further inform the implementation of stem cells in regenerative medicine. Using the 
vertebrate model zebrafish (Danio rerio), we find that global overexpression of hoxb5b, a posterior Hox
transcription factor, induces NCC expansion over the embryonic body: both NCC numbers and their migratory 
extent throughout the embryo along all axial levels is increased, when compared with control embryos.  In 
situ hybridization and in vivo time-lapse imaging of NCC between 1-2 days post fertilization (dpf) revealed that 
NCC occupied a greater area along the embryo and migrated faster along aberrant routes when compared 
with control embryos. Further, the expression domains for foxd3, a known targets of hoxb5b regulation, and 
meis3, a putative binding partner, were expanded following hoxb5b overexpression. The vagal/enteric NCC 
marker phox2bb was not expanded along the gut tube of hoxb5b overexpressing embryos when compared 
with controls, indicating that vagal-derivative populations were not grossly altered by 2 dpf. This result 
suggests that hoxb5 may be sufficient to induce a global increase in NCC in the embryo. To test temporal 
effects of hoxb5b expression on NCC induction, heat-shock mediated-expression of ectopic hoxb5b at 21 
hours post fertilization (hpf) led to a rostral-dorsal shift in NCC localization along cranial-vagal levels by 24 hpf, 
suggesting that elevations in hoxb5b are sufficient to increase NCC abundance within a short time frame. 
Together, these data indicate that hoxb5b is sufficient to influence NCC migration during early development 
and highlights the role of hoxb5b in NCC migration, adding to our understanding of this important embryonic 
stem cell population.

Adam Howard 
PhD Candidate
Biosciences
Zebrafish hoxb5b, a Posterior Hox Factor, Increases Neural Crest 
Localization and Migratory Extent During Embryogenesis

Rice University



Dr. Krencik received a B.S. in Biology at Indiana University, M.S. in Genetics at Iowa State University, trained in 
the Neurology department at the University of Chicago, received his Ph.D. from University of Wisconsin-
Madison, and conducted postdoctoral research at University of California, San Francisco. Currently, he is an 
Assistant Professor in the Department of Neurosurgery and Center for Neuroregeneration at The Houston 
Methodist Research Institute.

Abstract: Our aim is to accelerate progress in neuroregeneration by understanding the functional relationship 
between human neurons, astrocytes and oligodendrocytes in normal and dysfunctional states. Current 
methods to investigate and model human neural cells, such as using monolayer cultures and neural organoids, 
are in significant need of improvement to more rapidly and reproducibly generate mature neural networks 
integrated with the capabilities for activity manipulation. Thus, we have devised of innovative techniques to 
produce defined human pluripotent stem cell-derived sphere cocultures containing cell-specific 
neuromodulation capabilities. This tool, (Microassembly of Bioengineered, Rapid, All-Inducible Neural System 
(µBRAINS)) is expected to be a breakthrough for the field of translational regenerative medicine research.

Robert Krencik, PhD 
Assistant Professor
Neurosurgery and Center for Neuroregeneration
Methodical Reconstruction of Human Neural Networks with Pluripotent 
Stem Cells

Houston Methodist Research Institute



Mr. Baker’s work seeks to broaden our understanding of the cellular mechanisms that mediate neuron 
patterning, morphological differentiation and  early function of the neural circuitry within the vertebrate 
Enteric Nervous System. His hope is that the understanding of these dynamic mechanisms that define stem 
cell differentiation and neural circuit assembly will serve as a foundation on which we build innovative 
neurogenic cell therapies to treat absent, diseased, or destroyed  neural tissue.

Abstract: The enteric nervous system (ENS) consists of a series of interconnected ganglia that form nerve 
plexuses spanning circumferentially within the muscle walls of the entire gastrointestinal (GI) tract. The ENS is 
derived from migratory enteric neural crest cells (NCC) that migrate caudally in chains en route to and along 
the gut tube. While previous research has made progress in identifying the gene regulatory factors that 
mediate NCC migration along the gut, less attention has been dedicated to understanding enteric NCC 
transformation into functional neural circuitry that makes up the ENS. Using zebrafish as a model, we utilized 
transgenic reporters, in vivo time-lapse confocal microscopy and image analysis techniques to quantitatively 
investigate the cellular mechanisms that enteric NCC utilize in order to form a functional ENS within the 
developing vertebrate embryo. We observe dynamic cellular behaviors between enteric NCC, depending upon 
their spatial location along the length of the gut. As leading progenitors reach the distal boundary of the 
hindgut, they show higher rates of proliferation and dramatically undergo morphological transformation by 
extending putative neurites and expand to increase in overall volume; all of which mediates the 
circumferential expansion and neural circuit formation within the hindgut. In order to determine the 
spatiotemporal establishment of coordinated neuronal communication among these nascent neural circuits, 
we utilized the transgenic line elavl3:H2B:GCamp6s and  observed that the distal-most enteric neurons are 
among the first to demonstrate robust and coordinated neural activity during these formative stages. Taken 
together, these data suggested a posterior to anterior pattern of enteric progenitor differentiation along the 
gut. This work aims to elucidate remaining question regarding nervous system development with the ultimate 
goal of determining the cellular and molecular mechanisms that dictate neural differentiation and circuit 
formation. Understanding these mechanisms will serve as a foundation on which we build innovative 
neurogenic cell therapies to treat absent, diseased, or destroyed neural tissue.

Phillip Baker
BioSciences
Graduate Student
In Vivo Imaging Demonstrates Posterior to Anterior Pattern of Early 
Neuronal Differentiation in the Zebrafish Enteric Nervous System

Rice University



Dr. Farach-Carson is passionate about the opportunity to forge interdisciplinary partnerships to solve big 
problems that affect our population. Extracellular matrix plays a central role in cell and tissue form and 
function. The growth promoting activities of extracellular matrix provide a very rich environment to study 
both normal and abnormal pathways in tissue remodeling. Studies in our laboratory aim to integrate 
extracellular matrix biology with three fields: a) tissue engineering b) cancer biology and metastasis to bone, 
and (c) bone and cartilage structure-function relations. Three-dimensional models are used to study the 
behavior of both normal and aberrant cells and to study their behavior in a physiologically relevant context. As 
a key proteoglycan, perlecan forms a border and depot to define cell boundaries and polarity, and to deliver 
potent cytokines for emergent repair of various injured tissues. Our translational partnerships support the 
development of new technologies needed to study cell behavior including for regenerative medicine. Dr. 
Farach-Carson was elected as a Fellow of the AAAS in 2010, and as member of the College of Fellows for 
AIMBE in 2018. Dr. Farach-Carson strongly believes that including graduate, professional and undergraduate 
students, postdoctoral fellows and residents on collaborative teams ensures that the projects will be 
successful, both in terms of research productivity and educational goals. Before coming to UTHealth School of 
Dentistry after receiving a Translational STARS award from the State of Texas, Dr. Farach-Carson was awarded 
the Presidential Mentoring Award from Rice University in 2016, reflecting the contributions of her scores of 
trainees throughout the years who have gone on to successful careers in academia, industry, biotech, 
scientific writing, medicine, dentistry and research funding agencies including the NIH, private research 
foundations, and regulatory agencies including the FDA. 

Abstract:  Xerostomia/dry mouth affects millions of Americans annually. In addition to the unpleasantness of 
dry mouth, lack of saliva has co-morbidities including caries, dysphagia and reduced quality of life. Radiation-
induced xerostomia is common after radiotherapy for locally invasive head and neck cancers. Radiation 
protectants offer poor protection. Current treatments for xerostomia, including oral sialagogues and salivary 
stimulants, offer short-lived therapeutic benefit and are palliative, not curative. We envision an autologous 
replacement tissue transplant returning functional salivary neotissues to head and neck cancer survivors upon 
completion of therapy. Salivary tissue is harvested surgically from pathologist confirmed normal regions of 
gland, typically parotid, at the time of initial resection, prior to radiotherapy. From tissue, stem/progenitor 
cells (hS/PCs) are isolated, expanded, and encapsulated in customized hyaluronate-based hydrogels where 
they differentiate to form functional salivary neotissues. We have strong evidence using multiple biomarkers 
that hS/PCs can differentiate along acinar, myoepithelial and ductal lineages. Salivary neotissues will be 
returned surgically to the oral cavity upon completion of treatment, where they will integrate with remaining 
patient tissue and begin to produce saliva to relieve xerostomia and restore oral health. 

Mary C. (Cindy) Farach-Carson, PhD
Professor
Director of Clinical/Translational Research
Metagenomic and Host RNA Sequencing for Diagnosis of Infections in Field 
Settings

The University of Texas Health Science Center at Houston
School of Dentistry



Mary K. Estes holds the Cullen Endowed Chair of Molecular and Human Virology and is a Professor in the Department of 
Molecular Virology and Microbiology (MVM) and in Medicine-Gastroenterology and Hepatology and Infectious Diseases 
at Baylor College of Medicine.  She is the emeritus founding Director of the Digestive Diseases Center, which supports 
collaborative research across multiple institutions in the Texas Medical Center. She is also the emeritus founding Co-
Director of a new graduate program in Translational Biology and Molecular Medicine, which is designed to develop a 
cadre of Ph.D. researchers who have an understanding of medicine and pathobiology and are committed to working at 
the interface of the basic sciences and clinical medicine. Dr. Estes’ research has focused on viral infections of the 
gastrointestinal (GI) tract. Information on the molecular biology of most cell types in the GI tract remains limited. Dr. 
Estes and her lab use multidisciplinary approaches to probe the structure and molecular biology of GI viruses to 
understand the basic mechanisms that control virus replication, morphogenesis, virus-host interactions, and 
pathogenesis. She uses stem-cell derived human intestinal enteroid cultures for many studies of host-pathogen 
interactions. She also uses these models to understand the stem cell response to GI infection. She developed virus-like 
particle vaccines for gastroenteritis viruses (rotaviruses and noroviruses) and discovered new mechanisms of 
pathogenesis now being targeted for drug discovery. The rotavirus VLP vaccine is being used for prevention of calf 
scours. Dr. Estes has served on local, state, national, and global committees devoted to research and vaccine 
development, She has served as co-chair of the NIAID Board of Scientific Counselors and as a scientific advisor for 
several Digestive Diseases Centers and Regional Centers of Excellence of Emerging Infections and Biodefense. She is an 
elected Fellow of the American Academy of Microbiology and the American Academy of Arts and Sciences and a 
member of the National Academy of Medicine (formerly the Institute of Medicine), the National Academy of Sciences, 
the National Academy of Inventors and the Academy of Medicine, Engineering and Science of Texas. 

Abstract:  The intestinal stem cell niche is influenced by signals from the immune system, the mesenchyme that 
underlies the crypt, the smooth muscle that exerts mechanical forces, and by the epithelium itself. Much has been 
learned from models in which the niche itself is damaged and the ensuing regeneration following radiation or 
chemotherapeutic damage, but there is little known about how damage to the villus epithelium influences crypt 
homeostasis and regeneration. A limitation in defining epithelial factors that regulate the niche has been the absence of 
in vitro models that recapitulate the diverse nature of the intestinal epithelium. Many human intestinal pathogens lack 
in vitro systems in which pathogenesis can be modeled, thus limiting the development of preventive, diagnostic, and 
therapeutic modalities to treat intestinal infections and damage. We have utilized adult stem cell-derived small 
intestinal organoid cultures to study two important human viral pathogens (rotavirus and norovirus), the latter of which 
was previously uncultivatable for nearly 5 decades. Both these pathogens only infect differentiated human intestinal 
organoid cultures. We found rotaviruses infect enterocytes and enterodocrine cells while noroviruses only infect 
enterocytes in the multicellular small intestinal organoid cultures. Our studies show that human rotaviruses acquire 
aspects of host membranes that are required for infectivity of the enterocytes. Norovirus replication in organoids has 
revealed strain-specific requirements related to mechanisms of virus entry that either requires, or and is enhanced by, 
the presence of human bile or bile acids and ceramide. An early response of the epithelium to both viral infections is the 
induction of type III interferon. Infected enteroids are characterized by increased proliferation and increased LGR5+ 
expression and we have found HRV activates stem cells that require epithelial WNT signaling. Novel signaling pathways 
and secreted molecules identified from infectious disease studies in human organoid cultures will be important targets 
for the mitigation of many intestinal infections and for stimulating intestinal repair.

Mary K. Estes, PhD
Distinguished Service Professor
Virology & Microbiology
Stem-Cell Based Human Intestinal Organoid Cultures for Understanding 
Gastrointestinal Infections and Repair

Baylor College of Medicine



Frank McKeon was born in New Haven, graduated from Pomona College, and did his doctoral work on cell 
cycle control with Marc Kirschner at UCSF.  In his own lab at Harvard Medical School, McKeon continued on 
cell cycle control, mechanisms of T cell activation by NFATs, and discovered the p53 homolog p63 and 
demonstrated its role as a master regulator of stem cells in all stratified epithelia.  Teaming up with Dr. Wa
Xian first at Harvard and then at the Genome Institute of Singapore and the Institute of Medical Biology in 
Singapore, they focused on technology development to clone normal stem cells of regenerative epithelia as 
well as those of cancers and precancerous lesions.  They demonstrated the remarkable capacity of the lung to 
regenerate in studies involving H1N1 influenza virus and cloned the p63+ distal lung stem cell responsible for 
this process.  In the area of cancer, they showed that Barrett's esophagus arises from a unique stem cell at the 
GE junction present in all individuals and more recently have cloned patient-matched stem cells for Barrett's, 
dysplasia, and esophageal adenocarcinoma.  Since arriving in Houston in 2015 with the generous support of 
CPRIT, Xian and McKeon have expanded their studies in multiple cancers as well as towards identifying 
pathogenic stem cells that drive chronic inflammatory conditions such as COPD, cystic fibrosis, and 
inflammatory bowel disease in efforts involving multiple key collaborators.  They live in Sugar Land with their 
three children, their maternal grandparents, and many lizzards.

Abstract:  Crohn’s disease (CD) is a progressive condition of inflammatory and fibrotic lesions linked to altered 
interactions of immune surveillance, intestinal microbes, and the intervening mucosal barrier.  Guided by 
seminal studies implicating barrier defects in CD, we performed clonogenic analyses of intestinal stem cells 
from 45 pediatric patients.  We find that stem cell libraries of CD terminal ileum are dominated by two 
abnormal variants (herein GM and iGM) marked by defective differentiation and inflammatory gene 
signatures skewed towards intracellular pathogens.  Xenografts of these variants display robust neutrophil 
infiltration and submucosal myofibroblasts, quintessential pathological features of CD.  Finally, we show that 
both GM and iGM are epigenetically committed to upper gastrointestinal fates that largely determine the 
observed barrier abnormalities, inflammatory gene expression, and pro-fibrotic activities of these cells.  GM 
and iGM stem cells mirror aspects of the natural defense against intracellular pathogens and the 
pathophysiology of Crohn’s and may be of clinical relevance.

Frank McKeon, PhD 
Professor, Director of Somatic Stem Cell Center, and 
CPRIT Established Investigator in Cancer Research
Coexistence of Normal and Pathogenic Mucosal Stem Cells in Pediatric 
Crohn’s

University of  Houston



Dr. Keirstead is an internationally known stem cell expert and has led therapy development for late stage cancers, 
immune disorders, motor neuron diseases, spinal cord injury and retinal diseases. He is the CEO of AIVITA Biomedical. 
He was previously CSO of Caladrius which acquired California Stem Cell in 2014. Dr. Keirstead founded California Stem 
Cell, served as CEO, and led 3 rounds of the investment and sale of the Company, each at high value gain to investors. 
In the past 18 months, he has led the application for and award of approximately $22M of grants. He holds Board 
positions in several prominent biotechnology companies.

Previously, he founded and served as the CEO of Ability Biomedical, which developed technology sold to Bristol 
Myers Squibb at high value gain to investors. Concurrently, Dr. Keirstead was a Professor at the University of California 
at Irvine where he founded and directed the Sue and Bill Gross Stem Cell Research Center, raising $77 million to 
establish its research building. As a Full Professor of Anatomy and Neurobiology, he was awarded over $16 million in 
grants during his 15 year tenure. He has mentored over 100 students, published over 100 manuscripts, and has been 
granted over 20 patents. In 2005, he was awarded the Distinguished Award for Research, the UCI Academic Senate’s 
highest honor, as well as the UCI Innovation Award for innovative research leading to corporate and clinical 
development. He was a founding advisor of the California Stem Cell Initiative that resulted in a $3 billion stem cell 
fund (CIRM). He has been a long-time advisor to several governments on biomedical policy.

Dr. Keirstead received his Ph.D. in neuroscience from the University of British Columbia, Canada for which he 
received the Cameron Award for the outstanding Ph.D. thesis in the country. He conducted four years of Post-Doctoral 
studies at the University of Cambridge. He received the distinct honor of election as Senate Member of the University 
of Cambridge and Fellow of the Governing Body of Downing College, and was the youngest member to have been 
elected to those positions.

Abstract:  AIVITA Biomedical has developed proprietary methods for the scalable production of differentiated human 
cells, in high-purity, from hESCs. This has enabled the Company to generate virtually unlimited quantities of various 
cell types for therapeutic application. In addition, the Company is leveraging and adapting its proprietary cell culture 
techniques to explore new areas of commercial opportunity, including a novel skin care technology.

The Company’s lead therapeutic candidate, an autologous neoantigen cancer immunotherapy with platform 
applicability, represents more than a decade of cancer research combined with AIVITA’s proprietary manufacturing 
expertise. AIVITA has made successive advancements in the methods used to manufacture its patient-specific 
treatment, rendering it more economical to produce and thus more commercially viable. 

AIVITA’s skin care technology was made possible through the Company’s expertise in high-purity stem cell growth 
and differentiation. Leveraging this expertise in cell culture, AIVITA can generate unstressed populations of human 
skin progenitor cells, from which it can capture the complete milieu of cell secretions directly relevant to the growth 
and maintenance of young human skin. The result is a technology which effectively mimics the environment in which 
young developing skin thrives. 

Proceeds from the sale of AIVITA’s skin care products support the treatment of women with ovarian cancer.

Hans S. Keirstead, PhD 
Chairman and Chief Executive Officer
Clinical and Commercial Application of Scaled Human Stem Cell Derivates 

AIVITA Biomedical
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In Vivo Imaging Demonstrates Posterior to Anterior Pattern of Early Neuronal Differentiation in 
the Zebrafish Enteric Nervous System  

Baker P1, Uribe R1 

1. Biosciences Department, Rice University

Corresponding author: Rosa Uribe, Biosciences, Rice University, Houston TX, rosa.uribe@rice.edu 

The enteric nervous system (ENS) consists of a series of interconnected ganglia that form nerve plexuses 
spanning circumferentially within the muscle walls of the entire gastrointestinal (GI) tract. The ENS is 
derived from migratory enteric neural crest cells (NCC) that migrate caudally in chains en route to and 
along the gut tube. While previous research has made progress in identifying the gene regulatory factors 
that mediate NCC migration along the gut, less attention has been dedicated to understanding enteric NCC 
transformation into functional neural circuitry that makes up the ENS. Using zebrafish as a model, we 
utilized transgenic reporters, in vivo time-lapse confocal microscopy and image analysis techniques to 
quantitatively investigate the cellular mechanisms that enteric NCC utilize in order to form a functional 
ENS within the developing vertebrate embryo. We observe dynamic cellular behaviors between enteric 
NCC, depending upon their spatial location along the length of the gut. As leading progenitors reach the 
distal boundary of the hindgut, they show higher rates of proliferation and dramatically undergo 
morphological transformation by extending putative neurites and expand to increase in overall volume; all 
of which mediates the circumferential expansion and neural circuit formation within the hindgut. In order 
to determine the spatiotemporal establishment of coordinated neuronal communication among these 
nascent neural circuits, we utilized the transgenic line elavl3:H2B:GCamp6s and  observed that the distal-
most enteric neurons are among the first to demonstrate robust and coordinated neural activity during these 
formative stages. Taken together, these data suggested a posterior to anterior pattern of enteric progenitor 
differentiation along the gut. This work aims to elucidate remaining question regarding nervous system 
development with the ultimate goal of determining the cellular and molecular mechanisms that dictate 
neural differentiation and circuit formation. Understanding these mechanisms will serve as a foundation on 
which we build innovative neurogenic cell therapies to treat absent, diseased, or destroyed neural tissue. 

Cancer Prevention & Research Institute of Texas (CPRIT) Recruitment of First-Time, Tenure-Track 
Faculty RR170062 
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Multi-Material Dual Gradient 3D Printing For Osteogenic Differentiation And Spatial Segregation 

Bittner S1,2,3,†, Smith B1,2,3,4,†, Watson E1,2,3,4, Smoak M1,2,3, Diaz-Gomez L1,2,3, Molina E1,2,3,4, Kim Y1,2,3, 
Hudgins C1,2,3, Melchiorri A1,2,3, Scott D, Grande-Allen K1, Yoo J3,6, Atala A3,6, Fisher J3,7, and Mikos A1,2,3 

1. Department of Bioengineering, Rice University
2. Biomaterials Lab, Rice University
3. NIH / NIBIB Center for Engineering Complex Tissues
4. Medical Scientist Training Program, Baylor College of Medicine
5. Department of Statistics, Rice University
6. Wake Forest Institute for Regenerative Medicine
7. Fischell Department of Bioengineering, University of Maryland

Corresponding author: Antonios G Mikos, Department of Bioengineering, Rice University, 6100 Main 
Street, Houston, TX, E-mail: mikos@rice.edu  

Tissue engineering of complex, heterogeneous tissue defects, such as those found in bone and in the 
osteochondral unit, remains a challenge. Three-dimensional printing (3DP) has emerged as an attractive 
technique for the development of heterogeneous scaffolds needed for such defects. In the present work, the 
biochemical properties of combined architecture/composition gradient scaffolds were investigated by 
incorporating varying concentrations of β-tricalcium phosphate (β-TCP) and varying porosities within 3DP 
hydroxyapatite (HA)/poly(ε-caprolactone) (PCL)-based scaffolds and examining the osteogenic maturity 
of dynamically seeded MSCs. Specifically, three different concentrations of β-TCP (0, 10, 20 wt%) and 
three different porosities (32.9 ± 3.2 %, 50.1 ± 3.8 %, and 65.4 ± 2.4 %) were incorporated to determine 
the individual and combined contributions of these parameters on the biochemical response of MSCs within 
3D culture. Our results showed that increased concentrations of β-TCP were associated with upregulation 
of early stage osteogenic markers, including alkaline phosphatase (ALP) activity, as well as an increase in 
late-stage mineralized matrix development. Additionally, cells attached to the scaffold in areas of higher 
porosity displayed a more mature osteogenic phenotype compared to those in areas of lower porosity. The 
observations from this study demonstrate the ability of gradient 3DP scaffolds to directly influence the 
morphology and maturation of seeded cells. 

We acknowledge support by the National Institutes of Health (P41 EB023833 and R01 AR068073) and the 
RegenMed Development Organization (2017-601-002) in the preparation of this work. S Bittner and M 
Smoak also acknowledge support from the National Science Foundation Graduate Research Fellowship 
Program. B Smith, E Watson, and E Molina received support from Ruth L. Kirschstein Fellowships from 
the National Institute of Arthritis and Musculoskeletal and Skin Diseases (F30 AR071258), the National 
Institute of Dental and Craniofacial Research (F31 DE027586), and the National Cancer Institute (F31 
CA213994), respectively. B Smith, E Watson, and E Molina acknowledge the Baylor College of Medicine 
Medical Scientist Training Program. L Diaz-Gomez acknowledges Consellería de Cultura, Educación e 
Ordenación Universitaria for a Postdoctoral Fellowship (Xunta de Galicia, ED481B 2017/063). 
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A Bioengineered Human Neuron-Based Nanotechnology for Neuro-Regenerative Medicine 

Cvetkovic C1*, Zinger A2,3*, Naoi T2, Basu N1, Tasciotti E2,3, Krencik R1,4        (* Co-First Author) 

1. Center for Neuroregeneration, Houston Methodist Research Institute
2. Regenerative Medicine Program, Houston Methodist Research Institute
3. Department of Orthopedics and Sports Medicine, Houston Methodist Hospital
4. Department of Neurosurgery, Houston Methodist Hospital

Corresponding author: Robert Krencik, Center for Neuroregeneration, Department of Neurosurgery, 
Houston Methodist Research Institute, 6670 Bertner Ave, Houston, TX, rkrencik@houstonmethodist.org 

Background and Objectives: Cellular transplantation has long been proposed as a promising therapeutic 
avenue for repair or replacement of the nervous system. However, safety and efficacy issues – including 
uncontrolled proliferation and differentiation, immune response, and off-target effects – make cellular 
engraftment in the human brain currently unfeasible. The addition of natural or synthetic biomaterials is a 
promising combinatorial strategy to overcome these challenges. We have created a novel biomimetic 
nano-platform, composed of lipid-based nanoparticles (1) functionalized with human neuronal-derived 
proteins, to target specific cell types within the nervous system toward the goal of neuroregeneration. 

Methods and Results: 1-Neurosome Generation. A pure population of inducible human cortical neurons 
(iNeurons) was derived from human pluripotent stem cells (hPSCs) following our established protocols 
(2); on day 7, membrane proteins were extracted and purified using a commercial kit. Lipid-based 
nanoparticles incorporating iNeuron-derived proteins (e.g., Neurosomes) were generated using a 
microfluidic assay (3) that utilizes a benchtop NanoAssemblerTM system. Particles were also generated 
from hPSC-derived membrane proteins (Plurisomes) and without incorporated protein (Liposomes) as 
controls. 2-Material Characterization. Physical characteristics and reproducibility were assessed with 
NanoSight NS300, Dynamic Light Scattering Zetasizer Nano ZS, and cryo-transmission electron 
microscopy. Mass spectrometry and Western blot confirmed retention of well-known cell source-
restricted proteins between Neurosomes and Plurisomes. No significant differences in nanoparticle size, 
polydispersity index, or charge (zeta potential) were observed between groups. 3-In Vitro Studies. 
Monolayers of iNeurons were cultured for 7 days. After 24h of treatment, cells were either evaluated with 
a MTS metabolic assay to assess potential cellular toxicity, or dissociated for flow cytometry and 
microscopy. iNeurons did not display significant cytotoxicity in the presence of Neurosomes and 
Liposomes. Flow cytometry and confocal microscopic imaging indicated that iNeurons exhibited higher 
association with Neurosomes compared to Plurisomes or Liposomes. 

Conclusions: These interdisciplinary collaborative studies demonstrate our capacity to systematically 
recapitulate the biological complexity of neuronal cell membranes onto nanoparticle surfaces and fully 
characterize their biological and physical properties. Moreover, this top-down nanotechnology is high 
yield, cost-effective, and scalable. Future studies will incorporate optimized formulations from these 
studies into preclinical animal model experiments. We believe this platform is a feasible alternative to 
cellular transplantation and will be a valuable nanotechnology in the regenerative medicine community 
for targeting of cellular populations and delivery of small molecules, fluorescent tracers, growth factors, 
imaging contrast agents, or genetic cargo to the injured or diseased nervous system. 

References: (1) Evangelopoulos et al, Nanomaterials, 2018. (2) Krencik et al, Stem Cell Rep, 2017. 
(3) Hoffman et al, Methods Mol Biol, 2018.

Funding Sources: N/A 
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“Donor-Free” Mesenchymal Stem Cell Manufacture On Customizable Microcarriers 

Sujata Dalal1, Andrew W. Haskell2*, Robert E. Rogers2*, Calvin T. Phinney1, Megan G. Lopez1, Nicholas 
Zeitouni1, Berkley P. White3, Eoin P. McNeill2, Roland Kaunas2,3, Carl A. Gregory2 

1. Texas A&M University
2. College of Medicine, Texas A&M University
3. Department of Biomedical Engineering, Texas A&M University
*These authors contributed equally to this work

Mesenchymal stem cells (MSCs) offer immense potential in treating inflammatory disorders, 
musculoskeletal trauma, and cancer. However, the current MSC manufacturing techniques require the use 
of expensive animal products to supplement growth, yield suboptimal quantities of cells and exhibit 
donor-to-donor variability. Our group has minimized batch variability by the use of clonally-derived 
induced pluripotent stem cell-derived MSCs (iPS-MSCs) that provide a theoretically infinite supply of 
MSCs from a single source. Additionally, we have developed novel customizable and degradable 
microcarriers that are used to culture iPS-MSCs. These microcarriers are compatible with large 
bioreactors and allow for maximization of yields in a reduced volume of required media.  

Current efforts are directed towards optimization of the use of media factors such as fetal bovine serum 
and human platelet lysates, to further reduce cost. The iPS-MSCs generated by the new approach have 
been observed using common validation differentiation assays and in vivo models to retain proliferation 
and differentiation potential. If successful, this new process of growing MSCs would create clinically 
relevant quantities of cells while decreasing expenses and variability thereby accelerating the path to 
clinical applications.  

Funding: Grants from the Texas A&M X-Grant Presidential Excellence Fund, NIAMS R01AR066033, 
and the Cancer Prevention and Research Institute of Texas. 
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Electrospun, Gelatin Coated Polycaprolactone Fiber Scaffolds to Mimic Subarachnoid Trabeculae 
and Study Leptomeningeal Metastasis  

Fowler M1, Ballester LY1,2, Mehta S3, Sandberg DI1, Grande-Allen J3, Sirianni RW1 

1. Vivian L. Smith Department of Neurosurgery, University of Texas Health Science Center at Houston.
2. Department of Pathology and Laboratory Medicine, University of Texas Health Science Center at
Houston.
3. Department of Bioengineering, Rice University.

Corresponding author: Martha Fowler, Vivian L. Smith Department of Neurosurgery, University of Texas 
Health Science Center at Houston, 6431 Fannin St, Houston, TX, Email: martha.j.fowler@uth.tmc.edu  

Medulloblastoma is the most common malignant brain tumor in children that frequently results in 
metastasis through the subarachnoid space (SAS) and along surfaces of the brain and spinal cord, a 
phenomenon termed leptomeningeal metastasis (LM). Poor prognosis and survival for children exhibiting 
LM is due to a lack of therapies that target LM along with the challenge of observing these processes in 
vivo. Importantly, the role of SAS microarchitecture such as SAS trabeculae (SAT) on medulloblastoma 
metastasis remains poorly understood. SAT are collagen-rich fibers that possess a variety of architectures 
and would be expected to promote metastasis. However, SAT have not been comprehensively 
characterized and modeled. To address this gap in knowledge, we evaluated and characterized SAT 
across species and developed a library of electrospun scaffolds composed of gelatin (GE) and 
polycaprolactone (PCL) that mimic major features of the native SAT. Sections of human, non-human 
primate, and rodent brain and spinal leptomeninges were evaluated using scanning electron microscopy 
(SEM) and histology. PCL fiber scaffolds and GE (from bovine) coated PCL fiber scaffolds were 
prepared using electrospinning and co-electrospinning techniques. Fiber scaffolds were spun onto a flat 
aluminum surface collector at varying parameters (eg. 5-15kV, 10-20cm, 1-10mL/hr flow rate, and 5-
15wt% polymer concentrations). Scaffold morphology was evaluated with SEM, and scaffold elastic 
modulus was obtained through mechanical testing. We observed that SAT possessed distinct fiber 
architectures (orientation, fiber diameter, and pore sizes). Major features of this architecture included 
individual sporadic fibers and fenestrated fibrous sheets that span the subarachnoid space, and fibrous 
sheaths that surround the brain and spinal cord surfaces along blood vessels and nerves. To model these 
SAT architectures, we developed a comprehensive library of electrospun PCL scaffolds with unique fiber 
branching, pore size, and diameter. PCL fiber scaffolds that exhibit architectures similar to SATs were 
modified with a GE coating to mimic the collagen surface of SAT that may play an essential role on 
medulloblastoma cell metastasis. Our long-term goal is to develop an in-vitro model of the SAT to serve 
as a tool for drug screening and therapeutic development. This study establishes distinct SAT architecture 
in different locations in the central nervous system, which we predict will be important for governing 
metastasis as well as established novel electrospun PCL fiber scaffolds that mimic these structures. Our 
current studies are focused on identifying conditions that promote medulloblastoma cell adhesion and 
migration along PCL fiber trabecular mimics.  

Funding: The Morgan Adams Foundation 
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Wireless Stimulation of the Ventral Spinal Cord to Facilitate Recovery After Spinal Cord Injury 

Hogan, MK*1, Barber SM1, Kondiles, BR1,2, Krencik, R1, Yu, CY3, Horner, PJ1 

1. Center for Neuroregeneration, Houston Methodist Research Institute, Houston, TX, 77030
2. Department of Physiology and Biophysics, University of Washington, Seattle, WA, 98195
3. Department of Mechanical Engineering, University of Houston, Houston, TX, 77204

Corresponding Author: Matthew Hogan, Center for Neuroregeneration, Houston Methodist Research 
Institute, 6670 Bertner Ave., Houston, TX, 77030 

Introduction: Electrical stimulation (ES) of the cervical spinal cord is gaining traction as a therapy 
following spinal cord injury, however the cervical motor region is difficult to target in a rodent with non-
penetrating stimulus. We have designed a novel approach for epidural ventral spinal stimulation (VSS) of 
the rat spinal cord using a wireless stimulation system and surface stimulating electrodes. Our hypothesis 
is that, by placing electrodes physically closer to motor pools near the ventral surface, we will improve 
accuracy of regenerative stimulation of damaged spinal circuitry without damaging the spine, as compared 
to traditional epidural ES.  

Materials and Methods: The system consists of a completely enclosed amplifier, power source and RF 
antenna. We have iteratively designed an ultra-thin electrode using polyimide and gold traces which are 
optimized to provide strain relief and lower bending stiffness (Fig 1A). We have also implemented wireless 
inductive charging capability for long term studies. We performed evoked potential assessments to map the 
anatomy of stimulation of the spinal cord using a ventral approach. We also tested the capacity of the spinal 
stimulator to influence the behavior of engrafted stem cells after spinal cord injury in rats. Electrodes were 
threaded along the ventral surface of injured rats and 200,000 hIPS derived neural stem cells were engrafted. 
We assessed engrafted neural stem cell migration patterns in stimulated and unstimulated rats using 
stem121 (a human cytoplasmic marker) and an unbiased directionality assessment (Fig 1B).  

Results and Discussion: Testing revealed a unique capability of the stimulator to operate in two modes, 
point-to-point and point-to-reference resulting in targeted local stimulation or more general robust 
stimulation. Histology revealed significant differences in directionality of the engrafted hNSCs with cells 
from the stimulated cohort displaying a fiber alignment in the rostro-caudal direction along the axis of 
stimulation (Fig 1B). 

Figure 1: A) We designed and constructed a low 
bending stiffness electrode array designed to 
interface with the ventral surface of the spinal 
cord. B) We examined the effects of  epidural 
ventral spinal stimulation on engrafted human 
derived neural stem cells in an injured spinal 
cord and found a migratory phenotype along the 
axis of stimulation. 

Conclusions: We are continuing to examine contribution of both the pattern and position of spinal 
stimulation, we have already identified valuable points of intervention for conditioning coordinated 
forelimb reaching task (FRT) training coincident with spinal stimulation. While preliminary, this data 
indicates that VSS may influence the migration patterns of engrafted neural stem cells.  VSS may prove to 
be a valuable tool in the treatment of spinal cord injury. 

Acknowledgements: The authors would like to thank Wings for Life, Morton Cure Paralysis Fund and 
Craig H. Neilsen Foundation for providing funding to support this work. 
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Zebrafish hoxb5b, a Posterior Hox Factor, Increases Neural Crest Localization and Migratory Extent 
During Embryogenesis 

Howard AGH1, Tworig J2, Ravisankar P3, Singleton EW1, Li C2, Waxman JS3, and Uribe RA1 

1. BioSciences Department, Rice University, Houston, TX 77005.
2. Division of Biology and Biological Engineering, California Institute of Technology, Pasadena CA 91125
3. Molecular Cardiovascular Biology Division, Cincinnati Children’s Hospital Medical Center and
Department of Pediatrics, University of Cincinnati College of Medicine

Corresponding Author: Rosa Uribe, Biosciences Department, Rice University, 6100 Main St. Houston, TX, 
77005, Email: rosa.uribe@rice.edu 

Neural crest cells (NCC) are a vital migratory stem cell population that gives rise to various differentiated 
cell types throughout the vertebrate body; including pigment cells, neurons, and glia. While much research 
progress has been made in understanding the gene regulatory networks that underpin NCC specification 
and their epithelial-to-mesenchymal transition (EMT), the genetic mechanisms that determine NCC 
migration patterns through the embryo remain to be fully characterized, especially regarding more caudal 
NCC populations, such as the vagal NCCs. Characterizing the migration of neural crest stem cells during 
development will further inform the implementation of stem cells in regenerative medicine. Using the 
vertebrate model zebrafish (Danio rerio), we find that global overexpression of hoxb5b, a posterior Hox 
transcription factor, induces NCC expansion over the embryonic body: both NCC numbers and their 
migratory extent throughout the embryo along all axial levels is increased, when compared with control 
embryos.  In situ hybridization and in vivo time-lapse imaging of NCC between 1-2 days post fertilization 
(dpf) revealed that NCC occupied a greater area along the embryo and migrated faster along aberrant routes 
when compared with control embryos. Further, the expression domains for foxd3, a known targets of 
hoxb5b regulation, and meis3, a putative binding partner, were expanded following hoxb5b overexpression. 
The vagal/enteric NCC marker phox2bb was not expanded along the gut tube of hoxb5b overexpressing 
embryos when compared with controls, indicating that vagal-derivative populations were not grossly altered 
by 2 dpf. This result suggests that hoxb5 may be sufficient to induce a global increase in NCC in the embryo. 
To test temporal effects of hoxb5b expression on NCC induction, heat-shock mediated-expression of 
ectopic hoxb5b at 21 hours post fertilization (hpf) led to a rostral-dorsal shift in NCC localization along 
cranial-vagal levels by 24 hpf, suggesting that elevations in hoxb5b are sufficient to increase NCC 
abundance within a short time frame. Together, these data indicate that hoxb5b is sufficient to influence 
NCC migration during early development and highlights the role of hoxb5b in NCC migration, adding to 
our understanding of this important embryonic stem cell population. 

Funding provided by Cancer Prevention & Research Institute of Texas (CPRIT) Recruitment of First-Time, 
Tenure-Track Faculty RR170062 
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Optimizing Human Lung Design via 3D Bioprinting of Strategically Designed Airways 

Authors 
Janson KD1, Sazer DW1, Grigoryan B1, Paulsen SJ1, Calderon GA1, Kinstlinger IS1, Gounley JP2, 
Randles A2, Miller JS1 

1. Department of Bioengineering, Rice University
2. Department of Biomedical Engineering, Duke University

Corresponding Author: Jordan S. Miller, Department of Bioengineering, Rice University. 6500 Main St., 
Houston, TX 77005. E-mail: jmil@rice.edu  

Objectives: There is a constantly growing demand for engineered organ replacements to circumvent 
issues associated with allografts, such as acute organ rejection and long transplantation waitlists. While 
printing large-scale organs such as lungs remains a daunting task, functional organ unit cells can be used 
to examine structure-function relationships in vitro between entangled vascular networks. There are a 
multitude of lung topologies in the animal kingdom, some of which—bird, bat, and crocodile lungs, for 
example—are better optimized for gas exchange than human lungs. Therefore, it may be possible to 
improve the function of engineered lung tissue via designs that deviate from that of native human lung 
tissue. A previous study from our lab recapitulated alveolar function by fabricating a hydrogel network 
with air and blood vessels in close proximity, which supported cyclic ventilation that mimicked breathing. 
During this study, it was observed that concave and convex regions of the airway experience differential 
distention upon inflation. Interestingly, this phenomenon appeared to encourage blood mixing, which 
could facilitate gas exchange between airways and blood vessels. We now propose leveraging this 
phenomenon to design and optimize distal airway units and incorporate many of these unit cells into a 
more complete engineered lung structure. 
Methods: We will use our lab’s custom stereolithography method to fabricate novel hydrogel 
architectures containing airways and blood vessels. We use computational modeling to determine the 
optimal shape for airways as well as blood vessels to promote blood mixing and unidirectional flow 
Results: We have designed fluidic control units which have the potential to enable blood mixing and 
unidirectional flow during cyclic ventilation of airways. Preliminary results indicate that strategically 
designed airways could also achieve a blood pumping effect when arranged in series. By incorporating 
hemocompatible fluidic diodes such as bicuspid valves into our hydrogel architectures, we could prevent 
backflow in blood vessels, which is clinically equivalent to relieving pressure on the heart. We are also 
investigating static backflow-inhibiting structures inspired by Tesla valves as an alternative method of 
promoting unidirectional flow in blood vessels. 
Conclusions: Incorporating fluidic control units into hydrogels and combining these structures via large-
scale integration would enable us to improve engineered lung tissue efficiency. Applying these concepts 
to living tissue would fundamentally change the way that the field thinks about designing engineered 
organs. 

Funding Sources: Robert J. Kleberg, Jr. and Helen C. Kleberg Foundation, U.S. National Science 
Foundation (NSF), NSF Graduate Research Fellowship Program (1450681), National Institutes of Health 
(NIH) F31 NRSA Fellowship (HL134295). 
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Modeling Nitric Oxide Deficiency in Human Using ASLD iPSC-derived Cells 

Kho J1, Jin Z1, Palmer D1, Jiang MM1, Ng P1, Lee BH1 
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Corresponding author: Jordan Kho, Department of Molecular and Human Genetics, Baylor College of 
Medicine, 1 Baylor Plaza, Houston, TX, E-mail: kho@bcm.edu 

Nitric oxide (NO) is a ubiquitous signaling molecule that plays an essential role in almost all 
physiological processes. However, its detailed mechanistic study has been limited by both genetic and 
environmental redundancies. NO is synthesized by three nitric oxide synthase isoforms (eNOS, nNOS, 
and iNOS) from arginine, which is derived from both dietary intake and intracellular recycling of 
citrulline. We have recently shown that argininosuccinate lyase (ASL), a urea cycle enzyme, is required 
not only to synthesize intracellular arginine but also to channel extracellular arginine to NOS. Thus, ASL 
deficiency (ASLD) serves as a human monogenic model of cell-autonomous, NOS-dependent NO 
deficiency that is equivalent to loss of function of all three NOS isoforms.   

To develop an in vitro model of NO deficiency in human, we generated induced pluripotent stem cells 
(iPSCs) from patients with ASLD carrying compound heterozygous mutations in ASL gene. These iPSCs 
were then further differentiated into disease-relevant cell types, such as endothelial cells (ECs), brain 
microvascular ECs, osteoblasts, and neural progenitor cells. We first discovered that ASLD iPSCs 
differentiated less efficiently into ECs as compared to control iPSCs derived from healthy subjects. ASLD 
iPSC-derived ECs also have reduced NO production, increased oxidative stress, and impaired 
angiogenesis. Furthermore, we utilized helper-dependent adenoviral vectors-mediated gene targeting 
technology to generate isogenic iPSC lines with either of the two mutant ASL variants from two different 
patients corrected. Similar to the vascular system, we found that compared to the gene-corrected isogenic 
iPSCs, ASLD iPSCs have impaired capacity to differentiate into osteoblasts as shown by reduced gene 
expression of osteoblast markers and mineralization.  Furthermore, ASLD osteoblasts showed reduced 
glycolysis as shown by gene expression of glycolysis pathway and Seahorse assay. These results 
demonstrate that ASL-mediated NO synthesis is required for the development and cellular functions of 
endothelial and bone cells. Lastly, our study highlights the value of ASLD iPSCs for modeling NO 
deficiency in human. 

This work was supported by funding from the NIH (AR071741, DK102641). 
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Systematic Selection of Material Formulations for Three-Dimensional Printing with Growth Factors 

Koons GL1,2,3, Panayiotis D. Kontoyiannis2,4, Anthony J. Melchiorri, Antonios G. Mikos 

1Department of Bioengineering, Rice University, Houston, TX 
2Biomaterials Lab, Center for Engineering Complex Tissues
3Medical Scientist Training Program, Baylor College of Medicine, Houston, TX 
4Department of Biochemistry and Cell Biology, Rice University, Houston, TX 

Corresponding Author: Antonios G. Mikos, Department of Bioengineering, Rice University, 6500 Main 
Street, Houston, TX 

Abstract: Three-dimensional (3D) printing holds the potential to create individualized tissue engineering 
constructs for regenerative medicine application. However, 3D printing with certain material types may 
require heating of the materials to reduce their viscosity. These processing temperatures may render 
bioactive molecules included in the printing formulation inactive, preventing the use of this fabrication 
technology for strategies involving growth factors. In this study, poly(propylene fumarate), a 
photocrosslinkable synthetic polymer with mechanical properties comparable to those of bone and 
biocompatible degradation products, is used for extrusion-based 3D printing. In order to lower the 
temperatures required for the printing process, this polymer is supplemented with its monomer, diethyl 
fumarate, at various weight percentages, reducing the viscosity of the resulting mixture. A photoinitiator is 
also included to enable ultraviolet photocrosslinking using an accessory head of the commercial three-
dimensional printer. Subsequently, the temperatures required for preparing the material formulation, 
transferring it to an extrusion printing cartridge, and printing with the material to fabricate multi-layer 
scaffolds are minimized.  

Formulations with at least 20 wt% diethyl fumarate were processable at temperatures tolerated by growth 
factors, and formulations with at least 10 wt% diethyl fumarate could be transferred and/or printed at or 
below physiologic temperature. Our findings illuminate the choice of a printing formulation that allows 
incorporation of bioactive molecules such as growth factors. 

Funding Sources: This work is supported by the National Institute of Biomedical Imaging and 
Bioengineering (Grant P41 EB023833). G.L.K. is supported by the Robert and Janice McNair Foundation 
MD/PhD Student Scholar Program.  
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IKVAV, LRE and GPQG↓IWGQ Alter Extracellular Matrix Degradation and Enzyme Expression 
Leading to Axon Extension in Encapsulated Human iPSC Derived Neural Stem Cells.  

T. Hiran Perera1 Ying Liu1 and Laura A. Smith Callahan1 

1Department of Neurosurgery and Center for Stem Cell and Regenerative Medicine, University of Texas Health Science 
Center at Houston 

Corresponding author: Laura A. Smith Callahan, Department of Neurosurgery and Center for Stem Cell and Regenerative 
Medicine, University of Texas Health Science Center at Houston, 1825 Pressler Houston Texass, email: 

laura.a.smithcallahan@uth.tmc.edu 

Human stem cells and neural progenitors are being widely used in experimental treatments to restore function 
after central nervous system trauma or degeneration. However, these cells often do not survive, fully mature, or 
integrate into the host tissue when transplanted. Inclusion of biomaterial supports with the cells enhance survival 
and integration. Recently, enzymatic remodeling of the extracellular matrix has been identified as a key driver of 
neural differentiation. This makes the development of matrices that can manipulate the expression of enzymes to 
further promote cellular maturation and integration key therapeutic targets to improve cell therapy efficacy in the 
central nervous system.  Ile-Lys-Val-Ala-Val (IKVAV) and Leu-Arg-Glu (LRE), both originally derived from 
laminin, have been shown to modulate enzyme activity, while GPQG↓IWGQ is an established enzymatically 
degradable crosslinker. Using human induced pluripotent stem cell derived neural stem cells, a promising 
clinically relevant therapeutic cell type, this study examines the effects of peptide signaling and enzymatically 
degradable crosslinkers on axon extension and enzyme expression. Inclusion of peptides did not significantly alter 
the material or mechanical properties of the matrix. All matrices had a similar degradation rate in hyaluronidase, 
but inclusion of GPQG↓IWGQ increased degradation by collagenase. Inclusion of IKVAV, LRE and 
GPQG↓IWGQ was found to significantly increase axon extension 4 weeks after encapsulation. After 2 weeks of 
encapsulated culture increases in latent gelatinase and uronic acid, a byproduct of HA degradation, were 
observed in the IKVAV, LRE and GPQG↓IWGQ compared to other matrix groups. Protease expression was 
unaffected by the peptide inclusion. Collectively, this work implies that enzymatically degradable crosslinkers 
play a more active role in modulation cellular behavior through interaction with other signaling pathways than 
previously thought. 

Funding sources: The authors would like to acknowledge the financial support for this work from the Vivian L. 
Smith Department of Neurosurgery William Stamps Farish Foundation Fund; the Memorial Hermann 
Foundation Staman Ogilvie Fund; and the Bentsen Stroke Center. 
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Transplanted Human Intestinal Organoids (tHIOs) Demonstrate Enhanced Tight Junctions 

Compared to Human Intestinal Organoids (HIOs) 

Boyle M1, Sequeira D1, Bhattarai D1, Criss Z2, Shroyer NF2, Speer AL1 

1. McGovern Medical School at UTHealth

2. Baylor College of Medicine

Corresponding author: Allison L. Speer, Department of Pediatric Surgery, McGovern Medical School at

UTHealth, 6431 Fannin St MSB 5.254, Houston, TX 77030, E-mail: Allison.L.Speer@uth.tmc.edu

Objectives 

Short bowel syndrome (SBS) is a clinically significant problem incurring over $500,000 in costs per 

patient in the first year. Although parenteral nutrition decreases morbidity and increases survival, it is 

insufficient in some. Tissue-engineered intestine is a potential therapeutic solution but proper barrier 

function is one of the remaining challenges precluding its use as a human therapy for SBS. Intestinal 

epithelial tight junctions preserve the barrier against luminal pathogens while allowing selective 

absorption of nutrients. Prior studies have shown the presence of genes encoding tight junction protein-1 

(TJP1) aka ZO-1, junctional adhesion molecule 1 (F11R) aka JAM-1, and metadherin (MTDH) in tHIOs; 

however, they have not investigated the two other major tight junction transmembrane proteins: claudins 

and occludin. We hypothesized that claudins 3 and 15, occludin, and zonula occludens-1 (ZO-1) would be 

present in HIOs and tHIOs, but with higher expression levels in tHIOs due to the fetal-like transcriptome 

previously described in HIOs. 

Methods 

HIOs were generated in vitro from hESCs.  HIOs were collected after 28 days for analysis or transplanted 

into the kidney capsule of immunocompromised mice.  tHIOs were harvested for analysis at 4 or 8 weeks.  

RT-qPCR and immunofluorescent (IF) staining were performed for CLDN3, CLDN15, OCLN, and ZO-1.   

Results 

8-week old tHIOs demonstrated significantly (p<0.05) higher expression levels of CLDN3 (12x),
CLDN15 (6x), OCLN (400x), and ZO-1 (4x) normalized to GAPDH versus HIOs.  4-week old tHIOs

demonstrated significantly (p<0.01) higher levels of CLDN3 (8x), OCLN (510x), and ZO-1 (5x) versus

HIOs.  There was no significant difference in expression of these tight junction components between 4-

and 8-week old tHIOs (see figure).  IF staining revealed the presence of claudins 3 and 15, occludin, and

ZO-1 in both HIOs and tHIOs, however, the morphology appeared more appropriate in tHIOs.

Conclusions 

tHIOs contain several tight junction components necessary for intestinal barrier function.  HIOs contain 

these tight junction components as well albeit at lower levels with underdeveloped morphology.  These 

results are consistent with prior studies suggesting HIOs are more fetal-like than tHIOs.  Future studies 

confirming adequate tHIO tight junction function will be crucial prior to therapeutic application of tissue-

engineered intestine in humans with SBS. 
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Posterior Neural Crest-Derived Cells During the Embryonic to Post-Embryonic Stage 
Transition in Zebrafish at Single-Cell Resolution 

Howard IV AGA1, Baker PA1, Ibarra-García-Padilla R1, Moore JA1, Singleton EW1 and Uribe RA1 

1. Department of Biosciences, Rice University

Corresponding author: Rosa A. Uribe, PhD, Biosciences Dept., Rice University, 6100 Main 
Street, Houston, TX, 77005, rosa.uribe@rice.edu 

Neural crest (NC) stem cells execute complex developmental programs to give rise to myriad 
cellular types in the vertebrate body. While recent progress has been made in understanding 
the gene circuits required for specifying NC axial identity along the neural tube, our awareness 
of the factors involved in NC cell type differentiation is less clear. Using the vertebrate model 
organism zebrafish coupled with manual dissection and FACS to isolate post-otic NC and their 
differentiating derivatives, we performed single cell RNA-sequencing (scRNAseq) to discover 
subpopulations that NC give rise to. Using computational modeling, we find that during early 
cellular differentiation, at 48-50 hours post fertilization (hpf) and 68-70 hpf, NC-derived cells in 
the posterior larvae exist as 19 and 23 subpopulations, respectively, defined by distinct gene 
signature groups. We find subpopulations with genes indicative of NC stem cell, melanocyte 
precursor, neural progenitor, many collagen-rich mesenchyme subpopulations and cells with 
stark Retinoic Acid (RA) metabolism. Within neural populations, factors implicated in enteric and 
sympathetic nervous system differentiation were apparent. Within the NC stem cell population, 
we find that enteric-fated NC express a combination of known enteric fate markers, such as 
phox2bb, ret, zeb2a and ngfrb, as well as various NC stem and RA effector genes, suggesting 
RA plays a role during the NC to enteric neuron transition. 

Collectively, these analyses uncover collections of diverged NC-derived populations and their 
gene expression modules, thus expanding our knowledge of the molecular factors involved in 
NC cell fate diversification during embryological development. Ultimately, information gleaned 
from these data sets will be helpful when designing therapeutic and stem cell regenerative 
endeavors for NC-derived tissues. 

Funding provided by Cancer Prevention & Research Institute of Texas (CPRIT) Recruitment of 
First-Time, Tenure-Track Faculty RR170062 
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Gene Correction of POGLUT1 Mutation in iPSCs from a New Class of Limb Girdle Muscular 
Dystrophy (LGMD2Z) 

Wu J1, Ortiz-Vitali JL1, Matthias N1, Wang L1, and Darabi R1 

1. Center for Stem Cell and Regenerative Medicine (CSCRM), Institute for Molecular Medicine (IMM),
UTHealth

Corresponding author: Radbod Darabi, Center for Stem Cell and Regenerative Medicine(CSCRM), Brown 
Foundation Institute of Molecular Medicine for the Prevention of Human Diseases(IMM), 1825 Pressler 
Street SRB 630C, Houston, TX 77030, E-mail: radbod.darabi@uth.tmc.edu 

CRISPR/Cas9 gene editing and iPSC technology allows modeling and development of gene correction 
strategies in genetic disorders.  Recently, a new class of muscular dystrophy has been discovered in a family 
due to an autosomal recessive missense mutation in POGLUT1. This leads to decreased O-
glucosyltransferase activity and ultimately impaired Notch signaling, the pathway responsible for satellite 
cell quiescence and skeletal muscle regeneration.  We hypothesize that POGLUT1 deficiency and impaired 
NOTCH signaling is causative of this limb girdle muscular dystrophy. To test this, we have generated iPS 
cells from patient fibroblast cells and healthy siblings and their myogenic differentiation were compared to 
control cells to monitor any myogenic deficiency and involvement of relevant pathways in disease etiology. 
In addition, CRISPR/Cas9 gene editing is being used to correct the mutation and further verify reversal of 
NOTCH and myogenic deficiency. Targeted clones were screened for point mutation correction using PCR 
and sequencing to verify the correction of the point mutation. Next, selection cassette was removed by 
transient expression of the Cre. Finally, to model the disease, patient iPSCs as well as corrected clone were 
differentiated into myogenic progenitors and myogenic induction and notch signaling pathway expression 
were evaluated. Our data indicates the role of POGLUT1 in proper expression and activation of NOTCH 
effectors as well as its role in myogenic induction and proliferation of the cells. Next, In vivo experiments 
will be done to determine the role of POGULT1/NOTCH in satellite cell formation and self-renewal in 
vivo. 
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Abstract 

Title: A Novel Histone Modification Mediates DNA Accessibility With Innate Immune Activation.  

Authors: Crystina L. Kriss1, Nalvi Duro2, Sameer Varma2, Stanley M. Stevens Jr3 and John P. Cooke1. 

1. Department of Cardiovascular Regeneration, Houston Methodist Research Institute, 6670 Bertner

Ave. Houston TX 77030, USA

2. Department of Cell Biology, Microbiology, and Molecular Biology, University of South Florida,

4202 E Fowler Ave. Tampa FL, 33620, USA

3. Department of Pharmaceutical Sciences, Albany College of Pharmacy and Health Sciences, 261

Mountain View Dr., Colchester, Vermont, 06446, USA

Corresponding author: John P. Cooke, Department of Cardiovascular Regeneration, Houston Methodist 

Research Institute, 6670 Bertner Ave. Houston TX 77030, USA. E-mail: jpcooke@houstonmethodist.org 

Objective: Protein tyrosine nitration (PTN) is a post-translational modification that has been reported in 
numerous cardiovascular diseases resulting from oxidative and nitrosative stress. PTN is known to alter 
cellular and metabolic processes that can result in either a gain (e.g. fibrinogen) or loss (e.g. MN-SOD) of 
function. We have previously shown that nuclear reprogramming (e.g. of fibroblasts to endothelial cells, 
or to induced pluripotent stem cells) requires innate immune activation (Lee et al., 2012; Meng et al., 
2016). We find that during this process, inducible nitric oxide synthase (iNOS) translocates to the 
nucleus, where it binds to and modifies the activity of epigenetic modifiers, so as to promote DNA 
accessibility. We hypothesized that iNOS might also be involved in histone tyrosine nitration (HTN). 
This study aimed to detect HTN during innate immune activation of BJ fibroblasts. We show for the first 
time that HTN occurs on histones H2A, H2B, H3, and H4 during innate immune activation.  

Methods: BJ fibroblast were treated over the course of 3 days with 30 ng/mL Poly I:C in 50:50 FBS and 
KSR supplemented EMEM media. Cells were stained for immunofluorescence using iNOS and 
nitrotyrosine Abs and imaged using the FV3000 confocal microscope. Immunoprecipitation was done 
using a nitrotyrosine Abs and immunoblotted for histones H2A, H2B, H3, and H4. Molecular dynamic 
simulations and Mass spectrometry were done in collaboration with University of South Florida and 
Albany College of Pharmacy, respectively.  

Results: Histone tyrosine nitration of histones H3 and H4 were both increased in BJ Fibroblast, whereas 
HTN in histone H2A, H2B remained unchanged following 1 day of Poly I:C treatment. Furthermore, we 
observe co-localization of iNOS to sites of tyrosine nitration, suggesting a role for iNOS in the nitration 
of histones.  

Conclusions: We have previously demonstrated that iNOS plays a role in DNA accessibility during 
nuclear reprogramming and cell fate changes. We now show evidence for a novel epigenetic 
modification, histone tyrosine nitration. HTN is co-localized with iNOS expression. These observations 
are consistent with our hypothesis that HTN occurs during activation of innate immune signaling, and 
may regulate chromatin structure and DNA accessibility. 
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Accelerated Growth of HUVECs under Electrical Stimulation using an Electrical Cell Stimulation 
and Recording Apparatus (ECSARA) 
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University College Station, TX
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Corresponding author: Anthony Guiseppi-Elie, Biomedical Engineering, Texas A&M University, 3120 TAMU, 
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Introduction: The inevitable role of electrical signals during developmental stages of organs suggest 
electric fields (EF) as an external cue along with biochemical factors to control cellular responses. Here, 
the effect of EF on human umbilical vein endothelial cells (HUVEC) along with a real-time continual 
monitoring method, electrical impedance spectroscopy (EIS), is explored. 

Materials and Method:  The HUVECs were exposed to an electric field of 162 mV/mm at frequency of 
1.2 Hz (corresponded to a normal heart rate of 72 beats/min) and pulse width of 0.25% and compared with 
non-stimulated cells. The EIS data was collected from the cells every 6 h and were modeled using an 
RS(QCellRCell)(QOXROX)(QDLRCT) equivalent circuit where the changes in RCell representing the 
transmembrane epithelial/endothelial electrical resistance (TEER) of the cells. The viability of the 
stimulated and control HUVECs were likewise measured using alamarBlue viability assay. 

Results and Discussion: The alamarBlue assay showed that during the first 24 h, the viability (population) 
of EF-stimulated HUVECs was smaller than non-stimulated control (0.8) but after 72 h they outnumbered 
the control (1.2) indicating that stimulation initially inhibited growth but resulted in eventual adaptive 
proliferation. The resistance of EF-stimulated and control cells started to increase at 54 h and 78 h, 
respectively and reached a constant level at 102 h. The increase in RCell reflects growth of cells and 
formation of tight junctions which impede movement of ions through the cell monolayer. Confluence was 
confirmed by VE-cadherin staining. This results of EIS was in accord with viability data that showed faster 
growth of EF-stimulated HUVECs. 

Conclusions: Electrical stimulation support the accelerated growth and formation of tight junctions in 
endothelial cells, required in cardiovascular tissue engineering. This process can be monitored in real-time 
with EIS in the new ECSARA. 

Funding sources: Support provided by the Center for Bioelectronics, Biosensors, and Biochips (C3B) and 
from ABTECH Scientific, Inc. Prof. Guiseppi-Elie acknowledges support via a TEES Research 
Professorship. 
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