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MDI Biological Laboratory Center of Biomedical Research 
Excellence in Regenerative Biology and Medicine 
 
The Center of Biomedical Research Excellence (COBRE) grant was awarded to the MDI 
Biological Laboratory in September 2013 through funding from the National Institute of 
General Medical Sciences (NIGMS). The COBRE grant builds upon and expands the 
Institution’s unique scientific expertise, providing support for junior scientists as they 
establish independent, extramurally funded research programs. 
 
The Center focuses on defining the cellular and molecular mechanisms that make 
healing and regeneration possible and those that contribute to aging. Our work has the 
potential to improve the treatment of a broad range of injuries and diseases, including 
spinal cord injury, cancer, diabetes, and heart disease as well as neurodegenerative 
diseases such as Alzheimer’s, Parkinson’s, and Huntington’s diseases. 
 
The ultimate goal of the research funded by the COBRE award is to develop therapies 
that will improve healing and regeneration in humans and slow the degenerative 
changes that occur with aging. 
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Keynote Speakers 
________________________________________________________________ 
 
Dustin Shillcox 
 
Dustin Shillcox was paralyzed from the chest down at age 26 after a car accident. 
He was classified as sensory and motor complete after being injured at T5 and 
told he had no chance of recovery. But today, Dustin can move his legs and toes 
thanks to research led by Claudia Angeli, Ph.D. He has regained some control of 
autonomic and motor functions — proving the effectiveness of epidural 
stimulation. 
 
Claudia Angeli, Ph.D.  
  
Assistant Professor, Kentucky Spinal Cord Injury Research Center 
Senior Researcher, Human Locomotion Research Center at Frazier Rehab 
Institute 
 
Dr. Claudia Angeli received her B.S. in Health and Human Performance at East 
Carolina University and obtained her Masters and Ph.D. in Kinesiology with a 
concentration in Mechanical Engineering from Michigan State University. In 
addition to her work with the Kentucky Spinal Cord Injury Research Center and 
the Frazier Rehab Institute, she also has faculty appointments in the departments 
of Neurological Surgery, Mechanical Engineering and Physical Medicine and 
Rehabilitation at the University of Louisville and the department of Physical 
Therapy at Bellarmine University. 
 
Her research interest is in understanding mechanisms of control of human 
locomotion following neurologic injury. She is working on studies with a primary 
focus of activity-based retraining of the nervous system following spinal cord 
injury. She works closely with Dr. Susan Harkema and her current work is 
focused on the use of epidural stimulation in combination with locomotor training 
to increase the excitability of the spinal cord and augment return of function. 
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All events take place in the Maren Conference Center, excluding meals as specified.	  

Program Schedule 
________________________________________________________________ 
 
Friday, June 26, 2015 
 
3:00 - 5:00 pm Registration & Poster Set-up (Maren Conference Center) 
 
5:00 - 6:00 pm Dinner (Dining Hall) 
 
6:00 - 7:00 pm Keynote Address (Maren Conference Center) 

 
Introduction: Dustin Updike, Ph.D., Assistant Professor, 
MDI Biological Laboratory 
	  
Restoring Movement after Paralysis: A Clinical Success 
Story, Claudia Angeli Ph.D. and Dustin Shillcox 
 

7:00 - 9:00 pm Evening Reception (Maren Conference Center) 
 
 
Saturday, June 27, 2015 
 
7:00 - 8:15 am Breakfast (Dining Hall)	  
	  

MORNING SESSION: COMPARATIVE BIOLOGY OF 
AGING AND REGENERATION (Maren Conference Center) 
Chair: Aric Rogers, Ph.D., Assistant Professor, MDI 
Biological Laboratory 

 
8:30 - 9:00 am Steven Austad, University of Alabama at Birmingham: 

Methusaleh’s zoo: The uses of species with exceptional 
longevity 

 
9:00 - 9:30 am Ashley Seifert, University of Kentucky: Comparative biology 

of vertebrate regeneration 
 
9:30 - 10:00 am Itamar Harel, Stanford University: The African killifish: A 

model for vertebrate aging	  
	  
10:00 - 10:15 am Break 
 
10:15 - 10:45 am Richard Morimoto, Northwestern University: The biology of 

proteostasis in aging and disease	  
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All events take place in the Maren Conference Center, excluding meals as specified.	  

10:45 - 11:15 am Phillip Newmark, University of Illinois at Urbana-
Champaign: Germ cell development and regeneration in 
planarians: Implications for understanding parasitic 
flatworms	  

 
11:15 - 11:30 am Brigitte Galliot, University of Geneva: Deficiency in 

epithelial plasticity drives loss of regeneration and aging in 
hydra	  

	  
11:30 - 11:45 am Andrea Bodnar, Bermuda Institute for Science: Tissue 

homeostasis, regeneration and negligible senescence: 
Insight from sea urchins	  

	  
11:45 - 12:00 pm Vicki Losick, Carnegie Institution for Science: Going big for 

wound repair	  
	  
12:00 – 1:30 pm Lunch (Dining Hall) 
 

AFTERNOON SESSION: DETERMINANTS OF 
REGENERATIVE CAPACITY 
Chair: Jim Coffman, Ph.D., Associate Professor, MDI 
Biological Laboratory	  

	  
1:30 - 2:00 pm Eric Olson, University of Texas Southwestern: A unique 

twist-2 dependent myogenic progenitor cell lineage 
contributes to skeletal muscle growth, homeostasis and 
regeneration	  

 
2:00 - 2:30 pm Thomas Rando, Stanford University: Molecular regulation of 

stem cell quiescence and activation	  
 
2:30 - 3:00 pm Jonathan Epstein, University of Pennsylvania:	  Immune 

regulation of tissue regeneration	  
 
3:00 - 3:15 pm Break 
 
3:15 - 3:45 pm Leanne Jones, University of California at Los Angeles: Gut 

instincts: Using the intestine as a model to explore the 
effects of aging on stem cells and the niche	  

	  
3:45 - 4:15 pm Dustin Updike, MDI Biological Laboratory: Germ granules 

and the maintenance of cellular totipotency	  
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All events take place in the Maren Conference Center, excluding meals as specified.	  

4:15 - 4:30 pm Jennifer Simkin, University of Kentucky: Macrophage 
phenotype reveals fundamental differences between 
regeneration and scarring	  

 
4:30 - 4:45 pm Jeremy Ng, Australian Regenerative Medicine Institute: 

Environmental cues direct fate specification during zebrafish 
retinal regeneration	  

	  
4:45 - 5:00 pm Benjamin King, MDI Biological Laboratory: Comparative 

models of regeneration database (RegenDB)	  
	  
5:00 - 6:00 pm Poster Session 	  
	  
6:00 - 7:00 pm Panel Discussion: Translating Results to Clinical 

Applications  
 
Moderator: Voot P. Yin, Ph.D., Assistant Professor, MDI 
Biological Laboratory. 
 
Expert Panelists: 
• Jonathan Epstein, University of Pennsylvania 
• Richard Morimoto, Northwestern University 
• Eric Olson, University of Texas Southwestern 
• Thomas Rando, Stanford University 
• Nadia Rosenthal, Australian Regenerative Medicine 

Institute & The Jackson Laboratory 
 
7:00 - 7:30 pm Reception (Maren Conference Center) 
 
7:30 - 9:00 pm Lobster Banquet (Dining Hall) 
 
 
Sunday, June 28, 2015 
 
7:00 - 8:15 am Breakfast (Dining Hall) 
 

MORNING SESSION: STRESS AND STRESS SIGNALING 
IN AGING AND REGENERATION 
Chair: Dustin Updike, Ph.D., Assistant Professor, MDI 
Biological Laboratory 

 
8:30 - 9:00 am Steven Houser, Temple University: Cortical bone stem cells 

for cardiac repair	  
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All events take place in the Maren Conference Center, excluding meals as specified.	  

9:00 - 9:30 am Sandra Rieger, MDI Biological Laboratory: IKKα serves as 
an innate surveillant for hydrogen peroxide-dependent 
wound re-epithelialization	  

	  
9:30 - 10:00 am Nadia Rosenthal, Australian Regenerative Medicine 

Institute and The Jackson Laboratory: Immune regulation of 
regeneration	  

	  
10:00 - 10:15 am Break 
 
10:15 - 10:30 am James Coffman, MDI Biological Laboratory: Cortisol-treated 

zebrafish embryos develop a pro-inflammatory adult 
phenotype with reduced regenerative capacity	  

	  
10:30 - 10:45 am Helena Reinardy, Bermuda Institute of Ocean Science: 

Tissue regeneration and biomineralization in sea urchins: 
Role of Notch signaling and presence of stem cell markers	  

	  
10:45 - 11:00 am Kailin Mesa, Yale University: Niche-induced cell death limits 

the hair follicle stem cell pool	  
	  
11:00 - 11:15 am Jarod Rollins, MDI Biological Laboratory: Alternative 

splicing and NMD increase lifespan under dietary restriction 
by post-transcriptionally suppressing expression of 
ribosomal subunits	  

	  
11:15 am  Meeting adjourns 
 
 
 

 
Please be sure to fill out your symposium evaluation at 

https://www.surveymonkey.com/r/COBRE2015 
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Presentation Abstracts 
____________________________________________________________________________ 

 
Methusaleh’s zoo: The uses of species with exceptional longevity 

 
Steven Austad 

 
University of Alabama at Birmingham, Department of Biology, Birmingham, AL 

austad@uab.edu 
 
In recent years a variety of animal species that live exceptionally long lives even under 
the challenging conditions of the natural world have been identified. These species have 
clearly evolved exceptional resistance to fundamental aging processes. An unresolved 
question is whether there are many mechanistic paths to resistance to aging processes 
or only a one or a few.  Comparative biology can begin to answer this question. In this 
talk, I discuss how one particular process – maintenance of protein homeostasis – 
appears to be involved in exceptional longevity across diverse long-‐lived species. Yet 
how there are also distinctions in the way that various species maintain the quality of 
their proteome across the lifespan.  
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Comparative biology of vertebrate regeneration 
 

Ashley W. Seifert, Tom Gawriluk, Jennifer Simkin, Shishir Biswas 
 

University of Kentucky, Department of Biology, Lexington, KY 
awseifert@uky.edu 

 
A longstanding question in regeneration biology is why mammals possess relatively 
poor regenerative ability.  Although epimorphic regeneration is the default response 
to tissue damage in salamanders, newts and fish, this process is extremely rare in 
mammals and tissue injury leads to scar formation.  African spiny mice (Acomys) 
are unique in this sense because they too can regenerate complex tissue in 
response to wounding.  Using Acomys, we have begun exploring regeneration as a 
trait distinct from wound healing and investigating the underlying mechanisms that 
regulate epimorphic regeneration in these animals. Our comparative analysis across 
multiple mammalian species demonstrates that the regenerative response to injury 
is a discrete trait, rather than one arm of a healing continuum.   While we found 
variability in the extent to which non-regenerators closed 4mm ear holes, excised ear 
tissue in regenerators always regenerated.   Comparing regeneration and scarring 
between A. cahirinus and Mus musculus we have identified a distinct time window 
when these processes diverge. Using a combination of morphological, 
immunohistochemical and genetic analysis, we find that A. cahirinus exhibits all the 
hallmarks of a vertebrate blastema: formation and maintenance of an active wound  
epidermis,  cell  cycle  re-entry, progression  and  proliferation, delayed  re-
vascularization,  and  formation  of  a  pro-regenerative extracellular matrix. 
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The African killifish: A model for vertebrate aging 
 

Itamar Harel 
 

Stanford University, Stanford, CA 
itamarh@stanford.edu 

 
Aging is a complex process that affects multiple organs. Modeling aging and age-related 
diseases in the lab is challenging because classical vertebrate models have relatively 
long lifespans. Here, we develop the first platform for rapid exploration of age-dependent 
traits and diseases in vertebrates, using the naturally short- lived African turquoise 
killifish. We provide an integrative genomic and genome-editing toolkit in this organism 
using our de-novo-assembled genome and the CRISPR/Cas9 technology. We mutate 
many genes encompassing the hallmarks of aging, and for a subset, we produce stable 
lines within 2–3 months. As a proof of principle, we show that fish deficient for the 
protein subunit of telomerase exhibit the fastest onset of telomere-related pathologies 
among vertebrates. We further demonstrate the feasibility of creating specific genetic 
variants. Currently, we are generating additional mutants, and characterizing the 
germline and immune system of the killifish. Our preliminary data shows that by 
postponing sexual maturity, the onset of telomere-related germline phenotype can also 
be delayed. This genome-to-phenotype platform represents a unique resource for 
studying vertebrate aging and disease in a high-throughput manner and for investigating 
candidates arising from human genome-wide studies. 
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The biology of proteostasis in aging and disease 
 

Richard I. Morimoto 
 

Department of Molecular Biosciences, Rice Institute for Biomedical Research, 
Northwestern University, Evanston, IL 

r-morimoto@northwestern.edu 
 
The health of the proteome is essential for life, and at the cellular level is orchestrated 
by the proteostasis network (PN) regulated by the heat shock (HSR) and unfolded 
protein (UPR) responses, and comprised of molecular chaperones, transport 
mechanisms, ubiquitin-dependent proteasomes, and autophagy pathways.  Under ideal 
conditions, the PN balances protein flux dynamics in each tissue, achieves stability of 
the proteome, and prevents misfolding and aggregation that can arise from genetic 
polymorphisms, error-prone synthesis, and mutations that are exacerbated by stress, 
aging, and disease.  At the organismal level, the PN is regulated by this network of cell 
stress response factors that function by cell non-autonomous signaling between neurons 
to regulate the stress response in somatic tissues, and by transcellular chaperone 
signaling among the somatic tissues to communicate folding imbalances between 
tissues to restore organismal health. This protective mechanism for somatic tissues, 
however, is blunted in early adulthood by signals from the germline when animals attain 
reproductive maturity, resulting in an early onset collapse of proteostasis. Thus, 
organismal proteostasis represents balance and coordination among multiple cell stress 
responses to ensure cellular and tissue health and longevity. 
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Germ cell development and regeneration in planarians: 
Implications for understanding parasitic flatworms 

 
Bo Wang1, Jim Collins2, Amir Saberi3, Phillip Newmark4 

 
1Department of Bioengineering, Stanford University, Stanford, CA 

2Department of Pharmacology, University of Texas Southwestern Medical Center, 
Dallas, TX 

3Howard Hughes Medical Institute, Chevy Chase, MD 
4Department of Cell and Developmental Biology, University of 

Illinois at Urbana-Champaign, Urbana, IL 
pnewmark@life.illinois.edu 

 
The regenerative prowess of planarians is based upon a population of adult stem cells, 
called neoblasts, which serve as the source of new tissue during regeneration and 
tissue homeostasis. Using the functional genomic tools available for studying 
planarians, we have been investigating how these stem cells give rise to the germ cell 
lineage and how reproductive system development and regeneration are controlled 
systemically.  This talk will discuss how our work on planarian germ cell development 
led us to study the biology of schistosomes, parasitic flatworms with great significance 
for global health. We have shown that, like planarians, schistosomes have neoblast-like 
stem cells in the adult stage of the life cycle, providing one potential explanation for 
their longevity. Extending this work to the intramolluscan stage of the schistosome life 
cycle, we find that the so-called germinal cells in the sporocysts resemble neoblasts 
morphologically and express similar genes that are required for germinal cell 
proliferation and maintenance.  We have used single-cell RNA sequencing to 
characterize the heterogeneity of the germinal cell population, and have identified co-
regulated gene clusters that define distinct sub-populations of germinal cells.  With 
these molecular markers, we can follow these lineages in space and time throughout 
the parasite’s development in both snail and mammalian hosts.  Thus, applying the 
lessons learned from studying planarians has provided new insights into the biology of 
their parasitic cousins. 
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Deficiency in epithelial plasticity drives loss of regeneration and aging in Hydra 
 

Szymon Tomczyk1, Yvan Wenger1, Kazadi Bulundwe1, Samantha Redon2, 
Keyt Fisher2, Steven Austad2, Brigitte Galliot1 

 
1Department of Genetics and Evolution, Institute of Genetics and Genomics in Geneva 

(iGE3), University of Geneva, Geneva, Switzerland 
2Barshop Institute, University of Texas Health Science Center, San Antonio, USA 

brigitte.galliot@unige.ch 
 

Thanks to the constant renewal of their stem cell populations, Hydra polyps exhibit a 
high regenerative potential and a low rate of senescence over the years. However upon 
cold temperature, animals of the cold-sensitive H. oligactis (Ho-CS) strain undergo 
sexual differentiation in about two weeks and subsequently exhibit an aging phenotype, 
characterized by the rapid loss of the budding  and  regenerative capacities, the loss 
of neurogenesis, i.e. animals no longer respond to external stimuli (light, touch) and 
loose their feeding behavior, together with the appearance of dysmorphic traits. After 
25 days the aging phenotype becomes irreversible, and animals die within the next two 
months. By contrast animals of the cold-resistant H. oligactis strain (Ho-CR) placed in 
the same conditions do not age. Interestingly this aging phenotype does not require 
sexual differentiation or cold exposure as it can be induced at room temperature by the 
loss of interstitial cells upon hydroxyurea (HU) treatment. This result is surprising as 
most Hydra strains usually survive the loss of interstitial cells by maintaining self-
renewal of epithelial cells and by inducing autophagy. Here we show that the 
proliferative rate of all somatic stem cell populations, interstitial and epithelial, becomes 
reduced and that autophagy is only transiently observed in the epithelial cells. We will 
present evidences that suggest that aging in Ho-CS results from a deficiency of the 
epithelial stem cells to maintain self-renewal and autophagy in response to stress 
conditions. 
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Tissue homeostasis, regeneration and negligible senescence: 
Insight from sea urchins 

 
A. Bodnar1, M. Lortie1, R. Parsons1, J. Coffman2 

 
1Bermuda Institute of Ocean Sciences, St. George’s, Bermuda 

2MDI Biological Laboratory, Kathryn W. Davis Center for Regenerative Biology and 
Medicine, Salisbury Cove, ME 

andrea.bodnar@bios.edu 
 
Sea urchins represent an interesting alternative model for aging research because they 
exhibit indeterminate growth, high regenerative potential and a wide range of lifespans 
with some species living more than 100 years. Gene expression studies indicate that 
cellular pathways involved in energy metabolism, protein homeostasis and tissue 
regeneration are maintained with age. Quantitative analyses of cell proliferation and 
apoptosis indicates a low level of tissue renewal, and regenerative capacity, assessed 
by measuring the regrowth of amputated tube feet and spines, is maintained with age. 
Localized expression of the stem cell marker, Vasa, in somatic tissues suggests that 
multipotent cells are present throughout adult sea urchins and may contribute to normal 
homeostasis in addition to regeneration. Long-term maintenance of mechanisms that 
sustain tissue homeostasis and regenerative capacity are essential for indeterminate 
growth and negligible senescence and understanding these mechanisms may reveal 
effective strategies to prevent the degenerative decline with age. 
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Going big for wound repair 
 

Vicki Losick, Allan Spradling 
 

Carnegie Institution for Science, Washington, DC 
losick@ciwemb.edu 

 
A key step in wound repair is the replacement of lost cells.  Cells that are lost or 
damaged from injury must be replaced to restore tissue integrity and homeostasis. 
Tissue repair and regeneration research often focuses on how cells divide to replace 
cell number, underestimating alternative mechanisms of tissue repair. Using 
Drosophila melanogaster as a model, we have discovered that differentiated cells 
enlarge to form big cells as part of the normal wounding healing process. 
Differentiated epidermal cells in adult fly increase their cell size by becoming polyploid. 
A polyploid cell is a cell with more than the diploid copy of its genome; by increasing a 
cell’s DNA content it can support a larger cell volume. We have found wound-induced 
polyploidy is critical for tissue repair in Drosophila and helps to restore tissue 
homeostasis by precisely compensating for cell loss. Wound-induced polyploidy is 
regulated by the Hippo signaling pathway, such that tissue growth is tuned by the 
extent of polyploidy that occurs during wound repair. Polyploid cells are often 
observed in mammalian tissues in response to injury, stress, and/or aging, but their 
role in wound healing remains unclear. Our findings suggest that wound-induced 
polyploidy is a conserved mechanism to compensate for cell loss instead of relying on 
cell division. 
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A Unique Twist-2 dependent myogenic progenitor cell lineage contributes 
to skeletal muscle growth, homeostasis and regeneration 

 
Eric Olson 

 
UT Southwestern Medical Center, Dallas, TX 

Eric.Olson@utsouthwestern.edu 
 
Skeletal muscle possesses remarkable regenerative potential, which is attributed to 
resident stem cells, known as satellite cells, that reside beneath the muscle basal 
lamina and become activated in response to injury. Satellite cells, marked by the 
expression of Pax7, are thought to be essential for muscle regeneration. By lineage 
tracing of progenitor cells expressing the Twist-2 transcription factor in mice, we 
discovered a unique myogenic stem cell located outside the basal lamina of adult 
muscle.  These cells do not express Pax7 or surface markers of satellite cells. When 
isolated and maintained in culture, Twist-2+ progenitors proliferate rapidly and readily 
form multinucleated myotubes when exposed to growth factor-deficient medium.   
During fetal development, these Twist-2+ progenitors give rise to skeletal muscle 
throughout the body, but are excluded from the tongue musculature.  In response to 
aging and injury of adult muscle, Twist-2+ progenitors contribute specifically to type II 
myofibers. Ablation of Twist-2+ progenitors in adult mice using an inducible diphtheria 
toxin expression cassette results in severe muscle wasting. These findings reveal the 
existence of a previously unrecognized skeletal muscle stem cell marked by Twist-2 and 
required for postnatal muscle growth, homeostasis and regeneration. Considered in light 
of prior studies identifying Twist as a regulator of myogenesis in Drosophila, our studies 
highlight the importance of this bHLH transcription as an ancestral regulator of muscle 
growth, homeostasis and regeneration. 
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Molecular regulation of stem cell quiescence 
 

Thomas A. Rando 
 

Stanford University School of Medicine, Stanford, CA 
rando@stanford.edu 

 
Many adult stem cells persist in a non-cycling, quiescent state. We previously 
demonstrated that the quiescent state of adult muscle stem cells (MuSCs) is actively 
maintained by Notch signaling and a transcriptional regulatory pathway involving the 
microRNA miR489. Recently, we have explored the dynamics of the quiescent state. 
Normally, nearly all MuSCs exist in a conventional quiescent state, G0. However, in 
response to a distant injury, MuSCs of a limb muscle enter a distinct quiescent state 
that we term GAlert. Cells in GAlert are distinguished from cells in G0 by their 
increased propensity to enter the cell cycle following stimuli in vivo or explantation ex 
vivo, increased mitochondrial activity, and a marked induction of mTORC1 signaling. 
Most importantly, muscles in which the MuSCs have been induced to enter the GAlert 
state regenerate much faster than control muscles, suggesting that the alert MuSCs 
are poised for tissue repair more than G0 cells. Using genetic models, we show that 
mTORC1 activity is necessary and sufficient for the transition of MuSCs from G0 into 
GAlert. Moreover, we show that the systemic signals that mediate the reversible 
transition of SCs from G0 to GAlert are conveyed through the HGF receptor, cMet. 
Intriguingly, MuSCs that enter the GAlert state maintain the alert properties for many 
weeks after the inciting stimulus. We propose that the GAlert state represents a novel 
form of cellular memory in which a previous stimulus results in a long-lasting cellular 
response that allows stem cells to respond more rapidly and effectively to subsequent 
challenges for tissue homeostasis and repair. Furthermore, these data demonstrate 
that systemic signals from tissue injury communicate widely to diverse stem cell 
compartments of the organism. 
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Cardiac myocyte lineage commitment 

 
Rajan Jain, Deqiang Li, Mudit Gupta, Andrey Poleshko, Jonathan A. Epstein 

 
Department of Cell and Developmental Biology, Penn Cardiovascular Institute, Institute 

of Regenerative Medicine, Perelman School of Medicine at the University of 
Pennsylvania, Philadelphia, PA 

epsteinj@upenn.edu 
 
Cardiac progenitor cells are multipotent and give rise to cardiac endothelium, smooth 
muscle and cardiomyocytes.  We have defined and characterized the cardiomyoblast 
intermediate that is committed to the cardiomyocyte fate, and we have characterized 
the local signals that regulate commitment during embryogenesis.  Cardiomyoblasts 
express Hopx, which functions to coordinate local Bmp signals to inhibit the Wnt 
pathway, thus promoting cardiomyogenesis. Hopx physically interacts with an active 
Smad complex, and associates with chromatin resulting in repression of Wnt genes.   
The identification of the committed cardiomyoblast that retains proliferative potential will 
inform regenerative therapies for the heart.   In addition, Bmp signals characterize 
many niches where adult stem cells express Hopx.  Hopx-mediated inhibition of Wnt is 
likely to contribute to stem cell quiescence and to explain the role of Hopx as a 
tumor suppressor. 
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Gut instincts: Using the intestine as a model to explore the effects of aging on 
stem cells and the niche 

 
Leanne Jones 

 
University of California at Los Angeles, Los Angeles, CA 

leannejones@ucla.edu 
 

Adult stem cells support tissue homeostasis and repair throughout the life of an 
individual. Numerous changes occur with age that result in altered stem cell behavior 
and reduced tissue maintenance and regeneration.  In Drosophila melanogaster, 
advanced age leads to changes in the intestine, including an increase in intestinal stem 
cell (ISC) proliferation, accumulation of mis- differentiated cells, an increase in bacterial 
load, activation of inflammatory pathways, increases in ROS levels, and loss of intestinal 
barrier function. However, the relationship between these phenotypes remains unclear. 
We have investigated the links between age-related changes in the behavior of 
Drosophila ISCs and the loss of intestinal barrier function. In particular, we find that 
aging results in the mis-localization of Septate Junction (SJ) proteins in the posterior 
midgut, with the strongest alterations observed at the Tricellular Junction (TCJ) – a 
specialized structure located where three cells converge. Furthermore, manipulation of 
the TCJ leads to the premature emergence of ISC aging phenotypes. Therefore, our 
work demonstrates a pivotal link between TCJs, stem cell behavior, and intestinal 
homeostasis during normal aging, providing new insights into age-related diseases. 
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Germ granules and the maintenance of cellular totipotency 
 

Dustin Updike 
 

MDI Biological Laboratory, Kathryn W. Davis Center for Regenerative Biology and 
Medicine, Salisbury Cove, ME 

dupdike@mdibl.org 
 

Germ granules in C. elegans are required for fertility and function to maintain germ cell 
identity and pluripotency. Sterility in the absence of germ granules is often accompanied 
by the mis-expression of soma-specific proteins and the initiation of somatic 
differentiation in germ cells. Here we explore germ-granule biophysics, and the 
mechanisms used by germ granules to regulate gene expression. Our results suggest 
that germ granules create a protective microenvironment that nascent transcripts exiting 
the nucleus must pass through in order to be translated.  We show that germ granules 
have a high affinity for somatic transcripts, but do not directly alter their accumulation. 
Our model is that germ granules act epigenetically to maintain germline stem cell 
pluripotency by distinguishing inappropriately expressed somatic transcripts from 
germline licensed transcripts to prevent their translation.  
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Macrophage phenotype reveals fundamental differences between 
regeneration and scarring 

 
Jennifer Simkin1,2, Tom Gawriluk1, Shishir Biswas1, John C. Gensel2, Ashley W. Seifert1 
 

1University of Kentucky, Department of Biology, Lexington, KY 
2University of Kentucky, Spinal Cord and Brain Injury Research Center, Department of 

Physiology, Lexington, KY 
jennifer.simkin@uky.edu 

 
Inflammation is often recognized as an impediment to tissue regeneration because  
prolonged inflammation leads to fibrotic scarring. Previous work has shown that the 
main cellular orchestrator of inflammation, the macrophage, plays a central, yet, 
complex role during wound healing and regeneration. Macrophage depletion during 
mammalian wound healing leads to aberrant healing, and depletion during axolotl limb 
regeneration inhibits regeneration.  These findings support that macrophages are 
pleiotropic. Depending upon its subtype, a macrophage can turn on inflammatory 
signals (M1 subtype), promote cell division and collagen production (M2a subtype) or 
turn off the inflammatory process (M2c subtype). To understand how shifting 
macrophage subtypes may regulate epimorphic regeneration, we used a combination 
of immunohistochemical and genetic analysis to phenotype macrophages in the 
African Spiny Mouse (Acomys caharinus).   A. caharinus can regenerate skin, 
cartilage, sebaceous glands, hair follicles and adipose tissue in response to injury. In 
contrast the same wound in the common laboratory mouse (Mus musculus) results in 
scar formation.   Detailed comparison of macrophage phenotypes in these two 
systems reveals a robust M1 response in A. caharinus that transitions to an M2c 
phenotype at later stages. In contrast, M. musculus show a weaker but prolonged 
M1/M2a response and no phenotypic switch to M2c. This study generates a profile of 
macrophage subtypes present during tissue regeneration and suggests that cellular 
phenotype may partly orchestrate a regenerating versus scarring response to injury. 

19



Environmental cues direct fate specification during zebrafish  retinal 
regeneration 

 
Jeremy Ng, Patricia Jusuf, Peter Currie 

 
Monash University, Melbourne, Australia 

 
In response to injury in vertebrate retinas, different types of growth, cell signalling 
factors and secreted peptides are produced to drive regeneration. Some of these 
extrinsic factors are now being tested in animal models to improve regeneration. 
However, the relative contribution of extrinsic factors and their influences on different 
aspects of regeneration such as on fate specification is largely unknown. It is 
furthermore unclear, if cell types are regenerated according to the same developmental 
birthorder, or if only the degenerated neuron types are specifically regenerated. Using 2 
injury models in the highly regenerative zebrafish retina, I have conducted a 
comparative study on fate specification to understand the interactions between 
environmental cues and the downstream regenerative response. Preliminary data 
suggests that an injury that ablates only inhibitory neurons will generate larger 
proportions of inhibitory neurons in comparison to an injury model that ablates all cell 
types, where all cell types are generated in equal proportions as in development. This 
suggests that regeneration, at least in the retina, follows a different mechanism than 
during development and the environment can direct fate specification during 
regeneration. Thus as a potential therapy for retinal diseases, transplanting unspecified 
progenitors can selectively generate only the missing neurons. 
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The Comparative Models of Regeneration Database (RegenDB) provides a systems-
level view of tissue regeneration models to advance knowledge of regenerative biology 
and stem cell self-renewal. Scientists can use RegenDB to analyze integrated functional 
genomic datasets of regenerative processes to identify conserved gene networks within 
and across species. RegenDB represents genes and transcripts, homology 
relationships, gene expression data, microRNA target predictions, gene interactions, 
pathways, and Gene Ontology annotations, all in multiple organisms. Expression 
data are re-analyzed regularly to use current annotation and consistent analysis 
methods. Significantly, new hypotheses about the regulation of differentially expressed 
genes by microRNAs may be made using RegenDB. For example, users may 
investigate how groups of microRNAs (e.g., miR-21, miR-31 and miR-181) regulate 
genes that are differentially expressed during zebrafish heart regeneration and that 
belong to a particular pathway (e.g., gap junction assembly) or have a particular function 
(e.g., heart development). RegenDB consists of a relational database with load and web 
interface software built on a robust architecture.  We continue to enhance RegenDB by 
adding new functionality and datasets. 
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Ischemic Heart Disease (IHD) is a major cause of morbidity and premature mortality in 
the US. Current therapies do little to reverse the damage induced by a myocardial 
infarction (MI) and heart function usually declines over time and culminates in heart 
failure. The broad objective of the research to be discussed is to develop a technique to 
reduce post MI structural and functional remodeling and improve post MI performance. 
Currently many different approaches are being tested. One approach, to be discussed, is 
that injection of allogeneic cortical bone stem cells (CBSCs) into the MI border zone after 
reperfusion of an ischemic region of the pig heart reduces post MI structural and 
functional remodeling. The background for the study will be reviewed and the new, 
unpublished data, using CBSCs in a porcine ischemia reperfusion model will be 
presented. The results of these early stage translational studies suggest that CBSCs 
reduce infarct size and ventricular dilation and improve cardiac pump function. Those 
properties of CBSCs that might be responsible for these effects will be discussed. The 
results to date suggest that injection of CBSCs protect the heart from post MI 
dysfunction by reducing inflammation and associated cell death signaling. 
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The wound-healing properties of H2O2  are conserved from plants to humans. While 
H2O2’s pivotal role in host defense immune cell migration has been extensively 
studied in various species, little is known about its molecular functions during skin 
wound re-epithelialization.  By utilizing a comparative approach between zebrafish and 
human keratinocytes we identified that precisely controlled H2O2 levels are critical for 
re- epithelialization. Puncture wounding, but not amputation of the zebrafish caudal fin, 
triggers low-level Nox1-4-dependent H2O2  production, which stimulates long-distance 
basal keratinocyte migration.  In mammalian epidermis, the inhibitor of nuclear-factor 
κB kinase alpha  (IKKα) is a central regulator of keratinocyte differentiation due to 
repressive activities in the nucleus. We show that H2O2  promotes keratinocyte 
migration through nuclear exclusion of IKKα upon cysteine oxidation. This results in 
EGF de-repression and mRNA stabilization to sustain autocrine EGFR signaling. 
Thus, IKKα promotes migration upon skin wounding through direct surveillance of 
redox changes in the intracellular environment. 
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The adult mammalian body does not retain the robust repair capacity of the embryo into 
adulthood and gradually loses its regenerative potential, generally attributed to the 
loss of adequate cell replacement and persistent inflammation with increased ageing or 
disease. Our approach has been to intervene in the mechanisms at work in the 
mammalian response to tissue damage or disease by reducing the impediments to 
effective regeneration, focusing on skeletal muscle and heart.  Using compound genetic 
manipulation we have investigated the role of growth factors and infiltrating immune 
cells in the resolution of tissue injury, in both mouse and axolotl, an efficiently 
regenerating member of the urodele amphibian family. A complex interaction network 
exists between local repair mechanisms and cells of both innate and adaptive immune 
systems, which participate in the removal of necrotic material, secrete growth factors 
that limit inflammation, maintain immune tolerance and promote revascularization and 
tissue replacement. Assessment of the dramatic variability in cardiac recovery from 
infarct across recombinant inbred (RI) mouse strains has yielded distinct genetic loci 
involved in wound healing, survival, and susceptibility to failure, underscoring the 
complexities of tissue repair. We are currently correlating these findings with variability 
in the immune response amongst RI strains, to uncover new cell targets for clinical 
intervention. 
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A growing body of evidence indicates that chronic stress experienced early in life, even 
prenatally, can promote development of a pro-inflammatory adult phenotype 
predisposed to numerous physical and mental health problems and degenerative 
diseases of aging. One way that this is thought to occur is via epigenetic developmental 
programming induced by glucocorticoid stress hormones. To investigate how such 
programming affects regenerative capacity we exposed zebrafish embryos to < 1 µM 
exogenous cortisol for the first five days of development, and examined the effects both 
during the treatment period and subsequently in adulthood. Treated embryos and larvae 
displayed elevated whole-body cortisol levels, elevated glucocorticoid signaling, 
elevated levels of reactive oxygen species, and a faster heart rate.  Genome-wide gene 
expression and ontology enrichment analysis indicated that the exposed embryos 
significantly up-regulate processes associated with the immune system and response to 
environmental challenge, while down-regulating processes associated with 
development, plasticity, and regulation of inflammation.  In adulthood the treated fish 
maintained higher basal whole-body cortisol levels in the absence of exogenous cortisol, 
suggestive of a hyperactive stress system and possibly glucocorticoid resistance. Adult 
fish derived from cortisol-treated embryos displayed an increased incidence of defective 
tailfin regeneration, with fewer macrophages infiltrating the regenerating tissue, and 
reduced induction of pro-regenerative gene expression.  Our results are consistent with 
the idea that chronically elevated glucocorticoid signaling early in life directs 
development of a defensive, pro- inflammatory predisposition, at the expense of 
plasticity and regenerative capacity. 
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Echinoderms represent a phylum with exceptional regenerative capabilities that can 
reconstruct both external appendages and internal organs. We devised a functional 
assay to investigate mechanisms of tissue regeneration and biomineralization by 
measuring the regrowth of amputated tube feet (sensory and motor appendages) and 
spines in the sea urchin, Lytechinus variegatus. Concentration-dependent inhibition of 
regrowth upon treatment with the gamma- secretase inhibitor DAPT, indicated that both 
tube feet and spine regeneration require functional Notch signaling. Stem cell markers 
(Piwi and Vasa) were expressed in tube feet and spine tissue, and Vasa-positive cells 
were localized throughout the epidermis of tube feet by immunohistochemistry, 
suggesting the existence of multipotent progenitor cells in these highly regenerative 
appendages. Mechanistic insight into cellular pathways governing the tremendous 
regenerative capacity of echinoderms may contribute to regenerative therapies, shed 
light on the evolution of regeneration, and enable predictions of how these processes 
will respond to changing environmental conditions. 
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Tissue homeostasis is achieved through a balance of cell production (growth) and 
elimination (regression). In most tissues, resident stem cell populations are essential 
for this process, however the cells and molecular signals that maintain the stem cell 
pool throughout the lifetime of the organism remain unknown. To investigate stem cell 
maintenance, we use the mouse hair follicle, which cycles stereotypically between 
phases of growth and regression while retaining a pool of stem cells to perpetuate 
tissue regeneration. Here we show by intravital microscopy in live mice that the 
regression phase eliminates excess stem cells through a spatial gradient of apoptosis 
in the basal epithelium. Furthermore, we demonstrate that basal epithelial cells 
collectively act as phagocytes to clear dying epithelial neighbors. Through cellular and 
genetic ablation we show that epithelial cell death is extrinsically induced through 
transforming growth factor (TGF)β activation and mesenchymal crosstalk. Strikingly, 
our data show that regression acts to reduce the stem cell pool, as inhibition of 
regression results in excess basal epithelial cells with regenerative abilities. This study 
identifies the cellular behaviors and molecular mechanisms of regression that 
counterbalance growth to maintain a stem cell pool for the lifetime of the organism. 
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Dietary restriction (DR) extends lifespan across species. By combining analysis of total 
and polysome-‐ bound mRNA from dietary restricted C. elegans with RNAseq, we 
differentiated changes in gene expression due to mRNA transcription from those arising 
due to altered translation. Results indicate diminished translation of genes encoding 
ribosomal subunits concurrent with an increase in ribosomal transcript variants bearing 
single retained introns near the 5’ end of the message. Such aberrant transcripts 
containing premature termination codons would normally be subject to nonsense 
mediated decay (NMD). Additionally, previous work as well our own has shown that the 
down-‐regulation of several ribosomal subunits is pro-‐longevity. The accumulation of 
intron retained transcripts under DR could be due to a decrease in NMD and/or an 
increase in intron retention due to alternative splicing.  
 
Our analysis using a NMD reporter indicates that NMD is indeed decreased under DR. 
Additionally, when NMD is knocked down via RNAi, ribosomal transcripts with retained 
introns accumulate suggesting that DR regulates ribosome abundance through the NMD 
pathway. While the role of alternative splicing in the regulation of ribosomal subunits 
under DR is still under investigation, an in silico analysis has implicated the orthologues 
of the human alternative splicing factors YBX-‐1 and SF2/ASF in ribosomal intron 
retention. Altogether, our results suggest that alternative splicing and NMD are 
responsible for the pro-‐longevity effects of DR by post-‐transcriptionally down-
‐regulating ribosome biogenesis.    
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Limb regeneration has been studied in salamanders that belong to Ambystomidae and 
Salamandridae families, so far few reports have been described in Plethodontidae 
family. Colombians salamanders are represented only by Plethodontidae family mainly 
by the genus Bolitoglossa, which include 15 endemic species. The goal o f  the study is 
characterize the limb regeneration process in the salamander Bolitoglossa ramosi. We 
have followed the process for 32 weeks identifying eleven regeneration stages and the 
time of digit outgrowth was 95 days postamputation (dpa). Histochemistry staining was 
performed to observe the cellular organization on the wound healing (3 dpa) and 
blastema (40 dpa) stages. Additionally, the stain allowed us to observed a possible 
hematopoietic activity at the bone marrow. This aspect will be important because in 
salamanders hematopoietic activity had been reported mainly at liver and spleen but not 
in bone marrow. Finally, we are performing transcriptome analysis with the principal 
regeneration stages to identify genes involved in limb regeneration. Preliminary 
differential expression analysis showed that 1349 are up regulated and 863 
downregulated. This kind of studies in non-model organism will be important to perform 
comparative analysis to understand how this species have high regenerative capacities. 
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The ability to regenerate whole body parts is a remarkable and rare phenomenon 
among adult vertebrates. Salamanders (like newts and axolotls) stand out for their 
exceptional capacity to regenerate different parts of the body and restore complex 
structures. It has been shown that salamanders can regenerate several structures, 
including limbs, tail, jaws, lens, portions of the heart and even parts of the central 
nervous system. Recent reports have shed some light on the importance of microRNAs 
(miRNAs) for the regulation of gene expression during development and adulthood. 
Previous analyses support the idea that miRNAs are important players in the regulation 
of salamander regeneration. Here we are focusing on miRNAs during muscle 
dedifferentiation, which is a distinctive process of newt limb regeneration. We are 
analyzing miRNA expression in regenerating newt limb samples from stages involving 
skeletal muscle dedifferentiation as well as in cultures of dedifferentiating skeletal 
myotubes both of newt and mammalian origin. 
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The epicardium is a multifunctional cell layer covering the heart, critical for cardiac 
development and repair. Following cardiac injury in zebrafish, the epicardium 
proliferates and contributes perivascular cells and paracrine signals to enable new 
muscle growth. Despite its importance in cardiac repair and its potential as a therapeutic 
target for heart disease, there is virtually nothing known about the regenerative capacity 
of the epicardium itself. In this study, we developed an ex vivo explant culture system. 
Together with a transgenic line to specifically ablate epicardial cells in adult zebrafish, 
we monitored epicardial regeneration in real-time through live imaging. We found that 
the epicardial cell sheet regenerates directionally from the ventricular base to apex. By 
manipulating epicardial regeneration ex vivo through extirpating or grafting cardiac 
tissues, we showed that the ventricular epicardial regeneration was regulated by the 
neighboring outflow tract. Our ex vivo approach enables high-resolution phenotyping of 
epicardial regeneration at the molecular level. Through chemical screening, we 
identified several signaling pathways that potentially regulate epicardial regeneration, 
from which we identified Hedgehog (Hh) signaling. In summary, we expect the new ex 
vivo system we have developed to enable a deeper cellular and molecular 
understanding of heart regeneration. 
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The ability to regenerate lost or damaged body parts is present, to varying degrees, 
across the metazoa. The regenerative capacity of most vertebrate organisms is 
modest compared to the prolifically regenerative, but distantly related, invertebrate 
models  (e.g. planaria and hydra).  Echinoderms, including sea stars, are a sister 
phylum of the chordates and are wellknown for their robust regenerative capacity in 
both adult and larval stages. However little is known about how echinoderms 
regenerate and to what degree the genes and processes involved are similar to 
other models. In this study we use RNAseq to measure gene expression changes 
across a regeneration timecourse in larval sea stars. Many differentially expressed 
genes are associated with processes common to regeneration in other organisms (e.g. 
immune response, wound healing, and cellular proliferation). These data also reveal 
the temporal sequence of events during regeneration; for example, the 
reestablishment of axis polarity   including  regional  expression  of Wnt  ligands,  
receptors  and  modulators  precedes the increase  in localized  cellular  proliferation  
at the  wound  site.  These results underscore genes and processes common to 
regeneration in disparate taxa and provide the basis for future experiments to define 
the gene regulatory network governing regeneration in this system. 
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Epimorphic regeneration is a robust process that is not easily interrupted. In 
salamanders, there are only a handful of methods that reliably inhibit organ 
regeneration. Two widely known methods include denervating the limb prior to 
amputation and interrupting cell proliferation. However, a series of experiments in the 
1940s showed that applying a beryllium solution to larval salamander limbs 
completely blocked regeneration. To understand the cellular processes underlying this 
observation, we examined limb and skin regeneration in juvenile axolotls following 
exposure to beryllium. Like earlier studies, limb regeneration was inhibited, however, 
beryllium treatment of full thickness skin wounds delayed, but did not inhibit 
regeneration. The effect in skin and in limbs was characterized by reduced numbers of 
dermal fibroblasts and an absence of extra-cellular matrix (ECM) production in the 
wound bed. In vitro experiments and reciprocal transplantation of GFP+ fibroblasts 
further demonstrated a specific reduction in cell migration and revealed no significant 
effect on cell proliferation or cell death. Our findings highlight the importance of cell 
migration for tissue regeneration in both skin and amputation wounds. Additionally this 
study shows the mechanism behind beryllium’s inhibitory effects on regeneration.
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Adult salamanders display a remarkable capacity to resolve acute injuries and 
regenerate a range of clinically relevant tissue structures and organs. Of these 
structures, the most deeply characterized is the regenerating limb which can be divided 
into three distinct phases; wound healing, blastema formation and patterning and re-
‐development. Efficient resolution of the wound healing process is necessary prior to 
blastema formation and is dependent on innate immune cell recruitment. We have 
recently reported the temporal requirement for innate immune cell infiltration, specifically 
macrophages during the early stages of limb regeneration. Understanding the molecular 
basis for macrophage dependence and the contributions of other immune cells during 
salamander limb regeneration has been impaired due to the lack of experimental tools 
and methods available. Here we report the development and validation of approaches to 
isolate and characterize innate and adaptive immune cell subsets in the axolotl. We 
utilized these approaches to profile the leukocyte composition in range of lymphoid 
tissues as well as the regenerating limb. In addition we have determined each isolated 
leukocyte population’s capacity to home to sites of inflammation in vivo. Finally we have 
investigated with greater resolution which leukocyte populations are ablated in a 
regenerating limb following clodronate liposome delivery. The development of these 
robust tools and methods provides the first comprehensive approach to study different 
cells from the immune system in the Mexican axolotl. Furthermore these tools will be 
instrumental in understanding the contributions from the immune system in other wound 
healing and regenerative contexts.   
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Adult stem cells are the main source of cell replenishment after insults or cell death in 
adult organisms; however, maintenance of the stem cell niche depends on changes in 
the redox status. One of the most important modifiers of the redox state are reactive 
oxygen species (ROS). ROS play a role as second messengers in cell differentiation by 
modifying the activity and transcription of stemness factors that are redox-sensitive. We 
show that the antioxidant N- acetylcysteine (NAC) is able to induce chick retina 
regeneration by expanding stem/progenitor cells and regulating stemness factors in 
retinectomized chick embryos. NAC is known to act as an antioxidant, however it can 
also activate certain pathways, such as the MAPK, which is important for different 
regenerative processes. We find that NAC induces chick retina regeneration through 
the activation of the MAPK pathway in an FGFR independent manner. 
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As amniotes adapted to life on land, they evolved a set of extraembryonic membranes 
designed to facilitate exchange with the environment, either within the egg or the 
maternal reproductive tract.  One of these, the allantois, is the vascular bridge 
between the fetus, its yolk sac, and the chorion. At its proximal end, the 
vasculature of the allantois is united with the blood vessels of the yolk sac and fetus, 
while at the other, it is attached to the chorion to form a site of exchange. How this 
vascular continuum is established in obscure.   Years ago, we identified a small 
axial vessel, provisionally named the “Vessel of Confluence” (VOC), at the posterior 
embryonic-extraembryonic interface in the mouse conceptus. Morphological analysis 
suggested that the VOC arose independently of the major vascular networks. During the 
course of investigation into the molecular cues by which the VOC is established, we 
discovered the presence of activated Fibroblast Growth Factor Receptor 1 (FGFR1) 
within the presumptive VOC. Attenuation of either FGFR1 or of its co-receptor, heparan 
sulfate proteoglycan, led to the loss of the VOC within a tightly circumscribed 
developmental window at the onset of the neural plate stage (~7.0 days post-coitum, 
dpc). All of the surrounding vascular networks remained intact, but were aberrantly 
confluent. Attenuation of FGFR1 signaling later at early somite stages had no effect on 
the vascular confluence. On the basis of these findings, we conclude that the VOC 
arises independently of the umbilical, vitelline and fetal cardiovascular systems, and that 
it may have evolved as a unique amniote adaptation to life on land to ensure exchange 
of nutrients, wastes and gases between the developing amniote and its environment. 
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Bone Morphogenetic Proteins (BMPs) are important signaling molecules that control 
many functions during development. Previous genetic studies have shown that the 
mouse Bmp5 gene is required not only for embryonic patterning of skeletal structures, 
but also for normal healing of bone fractures in adult animals. Previous large-scale 
enhancer screening of the mouse Bmp5 locus has identified many cis-acting 
regulatory elements that   control   discrete   Bmp5   expression   in   individual   skeletal   
structures   during development.   More recently, we have identified an “Injury 
Response Element” (IRE) that is rapidly activated in adult animals in response to 
mechanical or chemical injury in bone fractures as well as soft tissues. The mouse IRE 
maps separately from previously known developmental enhancers, and retains its 
function when tested in a zebrafish caudal fin resection transgenic model.   Further 
study of the conserved IRE function in mice and zebrafish should help identify cellular 
mechanisms and signaling pathways that link local injuries to the re-expression of key 
molecules required for repair and regeneration. 
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The consequences of injury in adult central nervous systems (CNS) are often 
devastating and irreversible. The CNS of the cricket is unusual in that it is capable of 
compensatory plasticity after injury as demonstrated by deafferentation-‐induced 
compensation in two different sensory systems. Unilateral deafferentation of the 
auditory neurons of the prothoracic ganglia induces these cells to send dendrites across 
the midline, a boundary they typically respect, to form synapses with contralateral 
auditory afferents. In contrast, injury to the cercal escape system shows an entirely 
different type of recovery, consisting mainly of physiological instead of structural 
reorganization. Past experiments have shown that the morphological compensation of 
the adult auditory system is remarkably precise, reinstating interneuron-‐specific tuning 
curves within several days. Careful anatomical analysis indicates that female dendrites 
branch rapidly once across the midline but then stop adding branches by about 5 days. 
Male dendrites, in contrast, are slower to add branches once across the midline, but 
extend, on average, twice as many branches as female dendrites after several weeks. 
Auditory axons from the contralateral, intact side, also extend additional branches from 
processes that have crossed the midline, though there is no sexual dimorphism. Are 
there specific protein candidates that correlate with recovery in either of these two 
systems? Initial results indicate that semaphorins 1 and 2a may differentially correlate 
with the different strategies employed in these two systems.  We explored the 
differential expression of Sema1 and 2 in these ganglia. In addition, we explore a 
causative role for these semaphorins by blocking this deafferentation-‐induced 
upregulation in sema levels, via dsRNA injections in adult animals, and examining 
recovery. Our findings indicate that changes in the expression levels of semaphorins 
after deafferentation may play important differential roles in the deafferentation-
‐induced plasticity seen in these two systems.  
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Protein synthesis is a highly regulated process critical for homeostasis. Reducing gene 
expression of the eukaryotic translation initiation factor 4G (ifg-1) elicits an increase in 
lifespan and survival under certain environmental stressors. We previously found that 
reducing ifg-1 switches gene-specific translation in C. elegans from a pro-growth mode 
to one that enhances longevity and cellular homeostasis. A number of genes showing 
increased translation are involved in maintaining ER homeostasis, which is perturbed if 
proteins become misfolded, activating the unfolded protein response (UPRER). In this 
study we investigated the response to reduced expression of ifg-1 in C. elegans upon 
activation of the UPRER via tunicamycin stress. Since translation is a hub for 
proteostasis in general, we also tested thermotolerance and genes involved in the heat 
shock response. Although lowering ifg-1 improved survival under both conditions, only 
components of the ER stress sensing IRE-1 pathway were required for improved 
survival in tunicamycin-treated animals. In addition, homeostasis factors previously 
reported as essential for lifespan extension when ifg-1 is reduced were also important 
for survival under UPR stress conditions. Results suggest that increased longevity from 
reduced ifg-1 may be, at least in part, due to remodeling of protein homeostasis 
pathways downstream of translation changes. 
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The long-range goal of our research is to dissect the molecular regulation of vertebrate 
limb regeneration, and apply this information toward designing therapies that restore 
regenerative responses in humans who have lost limbs to trauma or disease. Previous 
studies of vertebrates that can regenerate appendages have shown that multiple 
genetic programs are modulated through regulatory factors. MicroRNAs (miRNAs) are 
short highly conserved non-coding genes that suppress expression of target genes and 
thereby control multiple genetic programs.  Given their important regulatory roles and 
evolutionary conservation, we hypothesize that miRNAs define a conserved genetic 
regulatory circuit important for appendage regeneration.  We compared miRNA 
expression in zebrafish caudal fins, bichir pectoral fins and axolotl forelimbs and found 
five up-regulated and five down-regulated common miRNAs.  MiR-21 was most highly 
up-regulated and candidate target genes were predicted that were commonly down 
regulated.  Candidates include the tumor suppressor gene, pdcd4.  Knowledge of how 
miRNAs govern regeneration significantly advances our knowledge of this complex 
process. 
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Emery-Dreifuss Muscular Dystrophy (EDMD) is a degenerative disease characterised 
by specific muscle degeneration, joint contractures and cardiac conduction defects.  
Recent studies have identified the EDMD related genes encode members of LINC 
(LInker of Nucleoskeleton and Cytoskeleton) complex, which includes a series of 
nuclear envelope (NE) proteins that physically interact with each other. Besides the 
most overt pathological features of EDMD, such as increased muscle necrosis and 
connective tissue deposition, the muscle cells of EDMD patients exhibit major changes 
in nuclei shape and localisation, chromatin organisation, as well as the mislocalization 
of NE proteins. Consequently, two specific hypotheses have been proposed to  explain  
how  a  failure  of  nuclear envelope function results in EDMD, though they not 
necessarily mutually exclusive. The “mechanical stress” hypothesis suggests that 
mutated LINC proteins structurally impair the integrity of the NE, causing cell death as 
a result of 'wear and tear' effects of the repeated force loading evident in contracting 
muscle cells. The second hypothesis suggests that defective nuclear envelope proteins 
negatively affect functions related to chromatin organisation and tissue-specific 
transcriptional factors leading to aberrant gene regulation. So far, we have generated 
zebrafish models of the two most common forms of EDMD and propose to use these to 
determine the aberrant molecular activities in EDMD. We aim to: 1. examine in detail 
the pathology of the Lamin and Emerin-deficient zebrafish models we have generated; 
and 2. compare in vivo the molecular interactions and localization of LINC components 
in wild type and EDMD mutant contexts using transgenic zebrafish models. 
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At least 2 million people in the United States live with limb loss. Although prosthetics 
can help these patients, there are no biologically based therapies for lost extremities. 
Salamanders can spontaneously regenerate their entire limbs, but in mammals, 
including humans, spontaneous regeneration is limited to the digit tip. The Epidermal 
Growth Factor Receptor (EGFR) family plays a role in cell proliferation, migration, 
survival and differentiation, including differentiation of progenitors that give rise to 
cartilage and bone. We identified a genetic requirement for an EGFR-related receptor, 
ErbB3, for spontaneous regeneration of the mouse digit tip. The goal of this project is to 
understand the molecular mechanisms underlying this requirement. In this study, we 
quantified cell proliferation by progenitor cells of the amputated digit stump of transgenic 
mice with limb-targeted genetic loss of ErbB3, in which digit regeneration is impaired.  
We also used Micro-Computed Tomography to quantify bone formation. We found that 
cell proliferation and bone formation were both impaired in the regeneration-defective 
ErbB3-deficient digits. We propose that a key function of ErbB3 signaling during 
regeneration is to maintain the proliferation of progenitor cells required to  
re-form lost digit tip structures, and/or to promote their differentiation into skeletal 
tissue. 
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A role for Fibroblast Growth Factor Receptor 1 (FGFR1) signaling 
in establishing the vascular confluence between an amniote 

and its environment 
 

Adriana Rodriguez 
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As amniotes adapted to life on land, they evolved a set of extraembryonic membranes 
designed to facilitate exchange with the environment, either within the egg or the 
maternal reproductive tract. One of these, the allantois, is the vascular bridge 
between the fetus, its yolk sac, and the chorion. At its proximal end, the 
vasculature of the allantois is united with the blood vessels of the yolk sac and fetus, 
while at the other, it is attached to the chorion to form a site of exchange. How this 
vascular continuum is established in obscure.   Years ago, we identified a small 
axial vessel, provisionally named the “Vessel of Confluence” (VOC), at the posterior 
embryonic-extraembryonic interface in the mouse conceptus. Morphological analysis 
suggested that the VOC arose independently of the major vascular networks. During the 
course of investigation into the molecular cues by which the VOC is established, we 
discovered the presence of activated Fibroblast Growth Factor Receptor 1 (FGFR1) 
within the presumptive VOC. Attenuation of either FGFR1 or of its co-receptor, heparan 
sulfate proteoglycan, led to the loss of the VOC within a tightly circumscribed 
developmental window at the onset of the neural plate stage (~7.0 days post-coitum, 
dpc). All of the surrounding vascular networks remained intact, but were aberrantly 
confluent. Attenuation of FGFR1 signaling later at early somite stages had no effect on 
the vascular confluence. On the basis of these findings, we conclude that the VOC 
arises independently of the umbilical, vitelline and fetal cardiovascular systems, and that 
it may have evolved as a unique amniote adaptation to life on land to ensure exchange 
of nutrients, wastes and gases between the developing amniote and its environment. 

43



Specific tissues regulate longevity and reproduction phenotypes associated with 
translation factor 4G/IFG-1 in C. elegans 

 
Aric Rogers, Amber Howard, Jarod Rollins, Santina Snow, Dmitriy Skoog, 

Pankaj Kapahi 
 

MDI Biological Laboratory, Kathryn W. Davis Center for Regenerative Biology and 
Medicine, Salisbury Cove, ME  

arogers@mdibl.org 
 
Translation of mRNA into protein is a highly regulated process critical to cellular 
homeostasis. Eukaryotic translation initiation factor 4G (IFG-1) is a rate-limiting 
“gatekeeper” of protein synthesis essential for cap-dependent and -independent 
translation. Across species, the availability of 4G/IFG-1 decreases in response to certain 
stressors, suggesting a conserved adaptive mechanism designed to promote survival by 
limiting and redirecting energy expenditure. Reduced expression of ifg-1 in C. elegans 
via RNAi or loss-of-function mutation attenuates development and reproduction, while 
increasing lifespan and resistance to environmental stressors. We developed methods to 
analyze the translatome by ribosome- mRNA association and previously found that 
reducing (but not abolishing) ifg-1 switches gene- specific translation in C. elegans from 
a pro-growth mode to one that is pro-survival. In the current study, we find that targeted 
reduction of ifg-1 in neuronal, hypodermal, or reproductive tissues are each able to 
increase lifespan. Furthermore, we find that the trade-off that is observed between 
effects on development (decreased) and longevity (increased) can be separated 
according to the tissue in which ifg-1 is reduced. Results suggest that an integrated 
organismal response measured by changes in lifespan in C. elegans is triggered by (and 
separable from developmental delays according to) reduced ifg-1 in specific tissues. 
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MicroRNA let-7i enhances heart tissue regeneration in zebrafish 
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The absence of a robust regenerative capacity underscores numerous chronic and 
degenerative diseases in humans. For instance, adult mammals will repair injured 
hearts through the formation of non-contractile collagen laden scar tissue. In contrast, 
the adult zebrafish is endowed with the remarkable capacity to regenerate all damaged 
heart tissue and to fully restore heart function throughout its life. Research in our lab 
and others have shown that the mechanism of cardiac tissue regeneration is conserved 
from fish to mice to humans. For reasons that remain unknown, these regenerative 
circuits are muted within a week after birth in mammals. In this study, we used the adult 
zebrafish to investigate the role of microRNA let-7i, a  highly upregulated microRNA in 
response to ventricular resection, in the context of heart regeneration. Antisense 
oligonucleotide mediated depletion of let-7i at the onset of heart injury resulted in 
attenuated cardiomyocyte proliferation indices by 75% and defects in migration of the 
epicardium, as indicated by the Tg(tcf21:RFP) reporter strain. Conversely, increased 
microRNA let-7i activity with a heat-inducible transgenic strain, Tg(hsp70:let-7ipre), 
enhanced cardiomyocyte proliferation indices by ~30% when compared with heat-
treated control animals. This enhancement in proliferation was accompanied with 
greater tcf21+ cells, regenerated heart muscle and new vessels within the wound apex. 
In contrast to mouse heart injury studies, our zebrafish data indicates that injury-induced 
upregulation of let-7i is critical to activate a pro- regenerative genetic circuit essential for 
proper heart regeneration. 
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Uncovering the genes and pathways involved in whole body regeneration 
in Botrylloides leachi 
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Regenerative capacity differs greatly across organisms and only a small proportion of 
species are capable of whole body regeneration  (WBR). Unfortunately, from an 
evolutionary perspective, regenerative power usually correlates inversely with tissue 
complexity, thus leaving more complex body systems such as humans with a very 
limited renewal response.  An exception to this is the ascidian Botrylloides leachi, the 
closest related chordate to the vertebrate clade that can undergo whole body 
regeneration (WBR). This filter feeding marine animal, more commonly known as a 
sea squirt, can regenerate an entire new adult within 8-‐14 days from a miniscule 
piece of vascular tissue (i.e. only 100 to 300 cells). Moreover, despite its apparent 
simplicity, this invertebrate has tissue complexity   as well as organs close to that of 
vertebrates, including a cerebral ganglion, heart, muscles and nerves. However, 
despite these unique properties, B. leachi has only recently been proposed as a 
model organism and thus very little is understood about the cellularand molecular 
biology behind this exceptional natural phenomenon. By analysing the transcriptome 
of B. leachi at the different stages of regeneration it has allowed us to investigate 
the gene expression associated with the regeneration process.   
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Kathryn W. Davis Center 
for Regenerative Biology 
and Medicine 
 
Breakthroughs that lead to 
transformative therapies 
 
 
 
 

 
Scientists in the Davis Center use diverse animal models and cell systems to define the 
genetic mechanisms underlying tissue repair and regeneration and how the activity of 
various genes influences lifespan. Choosing the best animal model for every experiment is 
a cornerstone of the research approach taken by Davis Center scientists. 
 
For example, the zebrafish, a common aquarium specimen, possesses the remarkable 
ability to rapidly replace damaged and lost body parts including limbs, heart, and nervous 
system, making it an ideal model for defining the genetic mechanisms of regeneration and 
healing and for identifying drug candidates for use in regenerative medicine. The tiny 
roundworm C. elegans shares over 40% of its genetic information with humans and its 
short lifespan makes it especially well-suited for defining genes that influence healthy 
lifespan. 
 
Research in the Davis Center is designed to lead to the identification of therapies that will 
enhance repair and regenerative processes in humans. Such therapies hold significant 
potential for treating devastating diseases and injuries and for slowing or reversing the 
degenerative changes that occur with chronic disease and aging. In 2013, the Davis 
Center was designated a Center of Biomedical Research Excellence (COBRE) by the 
National Institutes of Health. 
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