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PROGRAM GOALS, PARTICIPATION POLICY AND 
PROGRAM REQUIREMENTS 

 
GOALS  

The fellowship projects provide summer experiences for NEOMED’s medical and pharmacy 
students, in a variety of disciplines.  The Summer Research Fellowship Program is a mentored 
research program, designed to provide intensive training in research procedures and principles 
on projects in basic and clinical disciplines; to enhance students' research horizons; and develop 
scientific presentation and writing skills.  These projects are funded by the Office of Research 
and Sponsored Programs (ORSP). 

PARTICIPATION  
Phase 1, M1, M2, P1 and P2 students in good standing may participate in the ORSP’s Summer 
Research Fellowship Program.       

 
M3, M4, P3 and P4 students who have completed their clerkships and have no conflict with 
their electives, may participate in the ORSP’s Summer Research Fellowship Program.       

 
A M4 and P4 student must have written documentation of the time permitted to complete the 
summer project. 
 
If the project is to cross-over into any elective time, the student must obtain written approval 
of the elective director indicating the time frame that will be allotted to the fellowship project. 
 
The project investigator will have to approve the plan. 
 
Special requests will be considered if it is arranged and approved in advance. 
 
PROGRAM REQUIREMENTS 
 
Prior research experience is not required for research projects.  However, research experience 
may be a factor for selection for a specific project and will be up to the discretion of the 
individual project investigator.   
 
Students are required to complete all applicable training prior to beginning their research 
projects.  Required training will be determined by the project investigator. 
 
All students are required to complete the online Collaborative Institute Training Initiative (CITI) 
Human Subjects Research – Social-Behavioral-Educational Module Certificate.  (See page 3 for 
details.)  If you have completed this training during the past three years you do not have to 
repeat it.  You can provide a certificate of completion if you are selected for a fellowship. 
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Fellowship Stipends and Commitment  
Through the Office of Research and Sponsored Programs 

 
 
 

1. All students agree to fulfill a commitment with the project investigator for completion of 

a summer research fellowship. Each project investigator is volunteering their time and 

expertise to train the fellow.  It is the student’s responsibility to be prompt, available for 

the project for the contracted time and attend to all requirements of the fellowship. 

 
2. The total stipend for the summer research fellowship will be $3,000.  Summer research 

fellows are considered to be NEOMED employees and will be paid on a monthly basis 

through NEOMED’s payroll system and will be subject to withholding tax and OPERS 

withholdings.  A W-2 will be issued to the summer research fellow the following January 

for use in filing their tax return.   

 
(A special note – a student can claim exempt on their tax withholdings if they believe they are 
eligible for a tax refund on their tax return.  A student can also apply for a refund for the 
withholding paid to OPERS after they leave NEOMED’s employment.  However, the 1.45% 
withholding for Medicare is not exempt and cannot be refunded after end of employment.) 
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Collaborative Institute Training Initiative (CITI) at the University of Miami 
Human Subjects Research – Social-Behavioral-Educational Module Certificate 

 
 

1. All students who are selected for a summer research fellowship will be required to take 
the computerized on-line researcher course at: 
 
https://www.citiprogram.org 
 
If you have taken this training within the past year you do not need to repeat it. Please 
provide a copy of the completion certificate to Nona Hose in the Office of Research and 
Sponsored Programs, Office G-235 if you are selected for a fellowship.  

 
2. Description of course from the CITI Program: 

 
“Basic HSR modules are suitable for all persons involved in research studies involving 
human subjects, or who have responsibilities for setting policies and procedures with 
respect to such research, including IRBs. These modules are typically assembled into a 
basic course, which is the learner's first exposure to the content. Refresher modules, 
which can be assembled into refresher courses presented to learners at intervals defined 
by the institution, are designed to provide continuing education in human subject 
research issues. The standalone courses are intended for institutional/signatory officials, 
IRB administration (administrators, directors, coordinators, and other support staff), and 
IRB chairs. 
 
HSR module topics include: basics of IRB regulations and the review process, assessing 
risk to subjects, avoiding group harms, conflicts of interest, cultural competence, FDA-
regulated research, genetic research, HIPAA-regulated research, informed consent, 
international research, Internet research, IRB member responsibilities, IRB chair 
responsibilities, records-based research, research in schools, research with protected 
populations, research with vulnerable subjects, the role of the community member, 
unanticipated problems and reporting, and students in research.” 

 
3. A certificate of completion will be awarded. Send this certificate to Nona Hose, 

Executive Administrative Assistant, Office of Research and Sponsored Programs, 
NEOMED  

 
4. You will not permitted to participate in any research without this certification. 

 
 
 
 
 
 
 
 
 
 
 

https://www.citiprogram.org/
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Summer Research Fellowship Project Poster Day 
 

Exact date to be determined. 
 

Northeast Ohio Medical University Campus 
NEW Center Ballroom 

 
 
All ORSP sponsored fellows are required to participate in Poster Day.   
 
All other students are invited and encouraged to participate. Please contact Nona Hose in the 
ORSP to reserve a spot at Poster Day as space is limited. 

 
Easels, poster boards and push pins will be provided by the ORSP for each poster. Students are 
responsible to set up and take down their own posters. 
 
Details as to preparation, deadline, etc., for posters will be provided to the students who are 
chosen to participate in the program.  The ORSP pays for poster printing for those students 
whose projects are being funded through the ORSP.  
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APPLICATION AND HIRING PROCEDURES 
 

PLEASE NOTE:  The application and interview process begins as soon as the project catalog is 
distributed.  Please submit your applications as soon as possible.  The project investigators have 
been asked to conduct interviews and select the student(s) who will be working on their 
project(s) by Friday, February 21, 2020. 
 

1. Students who are required to complete a summer course remediation are strongly 
discouraged from participating in any summer research fellowship program that overlaps 
with the remediation exam study period.  Please contact Craig Theissen, Director of 
Academic Support at ctheissen@neomed.edu or (330) 325-6758 for additional information. 
 

2. Application/Interview process: 
a. Complete the application form online. 
b. Submit a curriculum vitae along with your application online. 

 
3. Hiring Process:   

Students and project investigators should approach the fellowships as job opportunities.  
Students are asked to submit an application and curriculum vitae to the project 
investigator(s) of their choice.  The project investigators will then contact the student(s) in 
which they are interested and set up an interview.  After interviews are conducted, the 
project investigator will make his/her selection and offer the position to the student of 
his/her choice.  Once a student has accepted the offer of a fellowship, the project 
investigator will notify Nona Hose in the Office of Research and Sponsored Programs.   

 

Nona Hose will provide Human Resources (HR) the names of the students who have been 
selected.  HR will contact each student to provide the necessary paperwork and to set up an 
appointment for onboarding if necessary.  The project investigators will be asked to fill out a 
NEOMED Training Checklist form indicating any safety training that will be required (lab 
safety, animal care and use, etc.).  This checklist will be provided to the student and to 
NEOMED’s Safety Office. 
 
All paperwork and applicable safety training must be done before the student can begin 
working on a project.   

 

 You may contact Nona if you have any questions or need additional information.   
 Nona Hose, Executive Administrative Assistant 
 Office of Research & Sponsored Programs, Room G-235 
 Phone:  330-325-6499; Fax:  330-325-5926 
 E-Mail:  nhose@neomed.edu 

 
 
 
 
 
 
 
 

mailto:ctheissen@neomed.edu
mailto:nhose@neomed.edu
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CONTACT LIST FOR PROJECT APPLICATIONS 

Applications may be submitted electronically at the link below: 
https://www.neomed.edu/summer-research-fellowship-program/  

Project Investigator contact information: 

Anatomy and Neurobiology department’s main office is located in E-116 

Lisa Cooper, PhD 
Anatomy and Neurobiology, E-144 
Email: ecooper@neomed.edu 

Erin Franks, Ph.D. 
Anatomy and Neurobiology, D-102 
Email: efranks@neomed.edu  

Rebecca German, Ph.D. 
Anatomy and Neurobiology, D-106 
Email: rgerman@neomed.edu  

Tobin Hieronymus, Ph.D. 
Anatomy and Neurobiology, 146 
Email: thieronymus@neomed.edu 

Jeffrey Mellott, Ph.D. 
Anatomy and Neurobiology, E-110 
Email: jmellott@neomed.edu  

Dana Peterson, Ph.D. 
Anatomy and Neurobiology, E-138 
Email: dpeterson@neomed.edu  

Sharad Shanbhag, Ph.D. 
Anatomy and Neurobiology, E-106 
Email: sshanbhag@neomed.edu  

Jesse Young, Ph.D. 
Anatomy and Neurobiology, E-116 
Email: jwyoung@neomed.edu 

Family & Community Medicine department’s main office is located in G-115 

Julie Aultman, Ph.D. 
Family and Community Medicine, G-129 
Email: jmaultma@neomed.edu  

https://www.neomed.edu/research/student-research/summer-research-fellowship-program/
mailto:ecooper@neomed.edu
mailto:efranks@neomed.edu
mailto:rgerman@neomed.edu
mailto:thieronymus@neomed.edu
mailto:jmellott@neomed.edu
mailto:dpeterson@neomed.edu
mailto:sshanbhag@neomed.edu
mailto:jwyoung@neomed.edu
mailto:jmaultma@neomed.edu
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Stacey Gardner- Buckshaw, PhD, MPA 
Family and Community Medicine, G-141 
Email: sgardnerbuckshaw@neomed.edu  
 
Amy Lee, M.D., M.P.H., M.B.A. 
Family and Community Medicine, G-118 
Email: afl@neomed.edu  
 
Integrative Medical Sciences department’s main office is located in RGE-333 
 

Yeong-Renn Chen, Ph.D. 
Integrative Medical Sciences, RGE-338 
Email: ychen1@neomed.edu  
 
William Chilian, Ph.D., FAHA, FCVS   
Integrative Medical Sciences, RGE-335 
Email: wchilian@neomed.edu  
 
Feng Dong, Ph.D. 
Integrative Medical Sciences, RGE-234 
Email: fdong@neomed.edu  
 
Jessica Ferrell, PhD 
Integrative Medical Sciences, F-243 
Email: jfrancl@neomed.edu  
 
William Lynch, Ph.D. 
Integrative Medical Sciences, F-345 
Email: wonk@neomed.edu  
 
Vahagn Ohanyan, Ph.D. 
Integrative Medical Sciences, RGE-331 
Email: vohanyan@neomed.edu 
 
Liya Yin, Ph.D. 
Integrative Medical Sciences, RGE-336 
Email: lyin@neomed.edu 
 
Yanqiao Zhang, M.D. 
Integrative Medical Sciences, F-234 
Email: yzhang@neomed.edu 
 
Pharmaceutical Sciences department’s main office is located in RGE-116 
 

Sheila Fleming, PhD 
Pharmaceutical Sciences, RGE-140 
Email: sfleming1@neomed.edu  
 
 

mailto:sgardnerbuckshaw@neomed.edu
mailto:afl@neomed.edu
mailto:ychen1@neomed.edu
mailto:wchilian@neomed.edu
mailto:fdong@neomed.edu
mailto:jfrancl@neomed.edu
mailto:wonk@neomed.edu
mailto:vohanyan@neomed.edu
mailto:lyin@neomed.edu
mailto:yzhang@neomed.edu
mailto:sfleming1@neomed.edu
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Takhar Kasumov, PhD 
Pharmaceutical Sciences, RGE-100 
Email: tkasumov@neomed.edu 
 
Moses Oyewumi, Ph.D. 
Pharmaceutical Sciences, RGE-244 
Email: moyewumi@neomed.edu  
 
Psychiatry department’s main office is located in B-226 
 

Natalie Bonfine, PhD 
Psychiatry, A-144A 
Email: nbonfine@neomed.edu  
 
The REDIzone at NEOMED is located on the second floor of the C-building 
 
Judy Fulton, PhD 
REDIzone Research Scientist, C-127 
Email: jfulton1@neomed.edu  

 
 
 
 
 
 
 
 
 
 

mailto:tkasumov@neomed.edu
mailto:moyewumi@neomed.edu
mailto:nbonfine@neomed.edu
mailto:jfulton1@neomed.edu


11 

 

 
 
 
 

NEOMED 
 

Office of Research & 
Sponsored Program’s 

Summer Research Fellowship 
Program 

 
Project 

Descriptions 
 
 
 

 



12 

 

Submit your application to Dr. Lisa Cooper 
 
Title:  3D Visualization and Cross-Sectional Geometry of the Phalanges of Bats  
 
PI:  Lisa Cooper, Assistant Professor, Department of Anatomy and Neurobiology  
 
LOCATION:  NEOMED, E-140 Imaging and Microscopy Suite  
 
Abstract: Bats are the only mammals capable of powered flight, partially due to their exceptionally long 
wing bones. These bones flex and bend with wingbeats and their unusual ability to deform has fueled a 
larger comparative study of their biomechanics. Our previous work has utilized cantilever beam tests 
that take bone cross-sectional geometry into account to calculate bone stiffness and deformation of all 
wing bones except the phalanges. Although phalanges of bats were experimentally tested in bending 
tests, we lack an analysis of cross-sectional geometry. This study therefore focuses on calculating the 
cross-sectional geometry of phalanges cross-sections of six bat taxa (Carollia (n=7), Cynopterus (n=2), 
Desmodus (n=4), Eptesicus (n=~20), Lasiurus (n=1), and Myotis (n=8)) utilizing high resolution micro-CT 
scans. Whole bones will be visualized in 3D imaging software (Avizo) and exported images of cross-
sections will be used to quantify bone geometry in Image J. Analyses of resultant data will take place in 
MS Excel software. Results will then compare bending mechanics (i.e., stiffness, deformation) between 
bones of the fore- and hindlimb of bats. The summer fellow will present findings as a poster at the end 
of the Summer Research Fellowship Program.  
 
Significance of Anticipated Findings: Insectivorous bats will die if they are unable to capture prey on the 
wing. As such, maintenance of bone health and resilience is critical for the survival of these bats. 
Curiously, bat wing bones are the most resilient to bending stresses, with phalanges bending close to 90 
degrees without permanent deformation. It could be that by maintaining compliance of their wing 
bones, bats are able to at least partially prevent fractures that would ultimately undermine their ability 
to forage and potentially be fatal. This study is the first to characterize bending mechanics of phalanges 
in a survey of bats with highly specialized body plans and locomotor strategies (e.g., quadrupedal vs. 
agile fliers, insectivorous vs. frugivorous, large vs. small-bodied). By quantifying phenotype of phalangeal 
bone cross-sections, this study identifies the biomechanical resistance to bending in bat phalanges.  
Our contribution is expected to further our goal of validating the concept that bats have the potential to 
be a model for bone fragility research. If the concept proves out, the contribution will be significant 
because data will assist in validating a new model that would inform research that would likely 
transform how the problem of age-related bone fragility is approached: prevent the process from even 
starting. It is highly likely that such a model would help to vertically advance clinical thinking about how 
to overcome the problem of age-related bone fragility.  
 
Background and Rationale: Bones of vertebrates typically function in stiffness, but our work has shown 
that the bones of bats are unique among mammals in that they are both exceptionally stiff and can 
undergo exceptionally large deformations. Little is known of the molecular, compositional, and 
phenotypic novelties underlying this unusual bone performance. Our molecular data has shown that the 
osteoblasts and osteocytes of bats secrete more collagen fibers both in vivo and in vitro compared to 
mice. Our bone bending data has shown that, compared to mice, the amount of deformation that a 
bone is capable of bending increases distally such that the phalanges are the most compliant and are 
capable of bending close to 90 degrees without fracturing.  
 
Goals and Objectives: The overall objective of this study is to characterize the phalangeal resistance to 
bending in six bat taxa. Based on preliminary data, the working hypothesis for this study is that 
quadrupedal bats (i.e., Desmodus) will display greater stiffness and undergo less deformation compared 
to similar-sized volant bats (e.g., Myotis). Similarly, we expect that bones the large-bodied bat 
Cynopterus will display a unique combination of stiffness and compliance compared to small-bodied 
bats (e.g., Myotis, Eptesicus), compared to mice.  
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Research Methods: High-resolution micro-CT scans of all study samples have already been generated. 
These scans will be visualized in 3D imaging software (Avizo) to determine bone identity and 
orientations. Images of cross-sections, with orientations noted, will be exported into image analysis 
software Image J. Within Image J, bone cross-sectional area, moment of inertia, and other measures of 
bone cross-sectional geometry will be generated and exported to MS Excel for analyses. Using 
established methods, stiffness (elastic modulus) and deformation (yield deflection/lever) will be 
calculated and compared between bats and other complete datasets based on the humerus, radius, 
metacarpals, femur, and tibia.  
 
Proposed Method of Data Analysis: Significance of differences will be based on 95% confidence interval 
analyses and a significance of cycle threshold values analyzed with ANOVA.  
 
Student Fellow Contribution: The student fellow will provide critical evidence as to the bone 
biomechanics of wing bones in bats. By linking bone cross-sectional geometry and whole bone bending 
data, the student will be able to compare bone performance from bats of different families and 
locomotor strategies. We expect the student will show that phalanges are the most compliant bones of 
bat wings and that quadrupedal bats have greater bone stiffness compared to primarily volant taxa. age. 
These data will then further the field of skeletal biology upon publication as they will reveal at least 
some of the phenotypic novelties bats may employ to have unusually flexible bones.  
 
Student Fellow Training/Mentoring Plan (1/2 page): Funding is requested to support one summer 
research fellow. PI Cooper is committed to fostering the researcher’s development for the summer. This 
goal will be achieved through a structured mentoring program, as described below.  
First, the researcher will be trained to participate in every phase of project research, including specimen 
visualization and analyses. All work will be done on a dedicated Avizo workstation in E-140 in an Imaging 
and Microscopy Suite. Opportunities for students to gain experience with unusual model organisms are 
rare, and the skills gained through involvement with this project should substantially broaden the 
researcher’s skill sets. Besides benefiting from working alongside the PI, the student will be required to 
attend and present at bi-monthly laboratory meetings. The Musculoskeletal Research Focus Area - a 
joint effort of the Department of Anatomy and Neurobiology and the Department of Integrated Medical 
Sciences at NEOMED – also sponsors a regular brown bag seminar and journal club on the general topic 
of “Evolutionary Morphology”, where the fellow would have the opportunity to share and discuss 
ongoing research findings and pertinent scientific publications. Finally, the student will design and 
present a poster for the end-of-program poster symposium at NEOMED.  
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Submit your application to Dr. Rebecca German 
 
The Effect of sensory intervention on swallowing and respiration through neurological maturation in 
preterm infants 

Principal Investigator: Rebecca Z. German, Professor 

Location: NEOMED, Department of Anatomy and Neurobiology 

 

Abstract: The overarching objective of my research group is to understand the biomechanics and neural 
control in normal and pathophysiologic swallowing (dysphagia) and to develop rehabilitation strategies 
for infants with this condition. Coordination among the functional components of the aerodigestive 
system, particularly between swallowing and respiration, is critical for successful airway protection in 
infants. Poor ability to coordinate feeding and breathing compromises the short- and long-term health 
of the growing number of preterm infants born today (Catchpole et al. 2019). Using an animal model of 
these fragile human patients will test the effect oral sensory stimulation, a promising avenue for 
therapeutic interventions, on infants feeding safety over the course post-natal nervous system 
maturation. This project advances NIH’s mission by testing the potential of a specific intervention to 
improve preterm infant feeding and respiration, and therefore longer-term health outcomes. 

 

Significance: Preterm infants constitute 11% of all infants born (Martin et al. 2015). In those infants, 
pulmonary aspiration occurs frequently, and is correlated with pneumonia and associated lung injuries 
(Hegde and Greenberg 2015). Given the fragile nature of preterm infants, existing data on airway 
protection is frequently qualitative (Lau and Smith 2012). Even  less is known about airway protection in 
preterm infants with recurrent laryngeal nerve (RLN) damage due to patent ductus arteriosus (PDA) 
ligation or other cardiovascular surgery (Tashiro et al. 2014), including any interaction of gestational age 
(GA) and nerve damage. We propose to follow up on current work that suggests external oral sensory 
stimuli induce rhythmic sucking, and that such stimuli hold potential as rehabilitation strategies 

 

Goals and objectives: Using an animal model of preterm infants, we propose to test how nutritive 
stimulation, in the form of rhythmic milk delivery, functions as an intervention for improving 
aerodigestive function. We will test two factors that may determine the success of this intervention: the 
duration of intervention and degree of prematurity. We will apply the intervention for either a short 
term (early infancy) or for a longer term (entire infancy prior to weaning).  Within each treatment 
duration, there will be two independent age groups, defined by respiratory status at birth: (1) capable of 
independent respiration or (2) requiring bubble CPAP ventilation support. We will compare these infants 
to bottle fed individuals who receive only non-nutritive stimulation and to individuals who are only 
bottle fed.  We will be collecting several modalities of data (outlined below), each of which needs to be 
independently analyzed, and ultimately integrated into a larger picture. A trainee will participate in all 
aspects of data collection over the summer, but will design and carryout a project that will include 
hypothesis formulation and testing for a portion of these data. This strategy has been successful with 
numerous trainees.  

 

Research Methods used/learned by students:  The methods in this project include electrophysiology 
and highspeed fluorographic imaging. We will measure (1) performance or the degree of aspiration; (2) 
the kinematics, movements of oropharyngeal and laryngeal structures, using high-speed bi-planar 
videofluroscopy; (3) the kinematics of respiration and airflow. Because we can measure these factors 
simultaneously in an animal model, we will determine the causal links amongst these levels, and thus be 
able to translate our results to patients with dysphagia. Data Collection Methodology: We will film 
movements of the bolus and surgically implanted markers in the tongue, hyoid bone, and epiglottis at 
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100 fps. We will simultaneously measure respiration at both the thorax (using a plethysmograph band) 
and the nares (using infant thermocouples), which will permit us to infer laryngeal function as a valve 
controlling respiration.  

 

Proposed method of data analysis: This project will use the data analyses used in previously published 
work (Thexton et al. 2009; Gould et al. 2015a; Gould et al. 2015b; Ballester et al. 2018; DeLozier et al. 
2018). We will compare the timing of the swallow to the respiratory traces, and determine the precise 
(msec) coordination for each swallow. Groups of swallows will be compared over time (longitudinal 
design), as well as to recently collected control infant data. We will also analyze bolus movement, as 
well as movements of the hyoid, thyroid, epiglottis and tongue. Relative timing of the movement among 
structures is possible with cross-correlation analyses. For each feeding session, we will calculate the 
average frequency of sucking, swallowing and the volume per swallow.  

 
How the anticipated findings from the summer research fellow will contribute to the success of the 
overall research being investigated:  
The results from these experiments will determine how the developmental course of airway protection 
differs in preterm infants from term controls, and how groups respond to our proposed intervention. 
The students involved in this research will help collect the primary data to address the aims outlined 
above. The students will be involved in all phases of this work, from pre-experiment planning, through 
surgery, animal care, data collection on these infants, data reduction, and data analysis. The data 
collected and analyzed by the trainees will provide a physiologic basis for decisions about care and 
intervention in these delicate patients that are informed by developmental changes. 

 
Summer Research Fellow Training/Mentoring Plan  
The student research fellow will be involved in all phases of the project. Initially, the fellow will be 
exposed to the larger research program through individual meetings with the PI, weekly lab meetings, 
and weekly Biomechanics Laboratory Group Meetings (four PI’s plus labs, discussion of ongoing 
projects). The fellow will be given several suitable papers to review prior to the start of the project. 
There are several parts of this project that are appropriate for a summer project. The trainee and PI will 
discuss these sub-projects, and select one that is appropriate. The trainee will be responsible, working 
with the PI, for developing a hypothesis, alternatives, and outlining the necessary data to test the 
hypotheses. Because significant amounts of data for multiple projects are collected within a single 
“experiment”, the trainee will work with other lab members in each stage of data collection. The project 
selected by the trainee will be sufficient to result in a publication at the end of the summer.  

Complete resources for this project are available in the PI’s lab which is part of the Anatomy & 
Neurobiology Biomechanics Laboratory at NEOMED (PI’s: German, Vinyard, Young). The PI’s lab includes 
2 other trainees and 2 technicians. This project is a sub-project of a currently funded NIH R01 grant, with 
sufficient funds to cover the experimental costs. 

 

Literature Cited 
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Submit your application to Dr. Erin Franks 
 
Project Title: Morphological characterization of the skeletal phenotype in an oversized population of 
island mice.  
 
Investigators:  Erin Franks & Chris Vinyard  
   Department of Anatomy & Neurobiology 
   NEOMED 
 
Location: NEOMED  
 
Abstract of Project:   
This fellowship will support an ongoing project aimed at describing skeletal variation in house mice as it 
relates to a rapid size increase following an island colonization event. Specifically, we will quantify linear 
and cross-sectional measures of the skeleton of house mice from Gough Island (GI) that have evolved to 
become the world’s largest house mice since populating the island a few hundred years ago. As the 
largest wild house mice on record, this provides an opportunity to compare Gough Island and smaller 
mainland mice to see how morphologies have changed in the GI mice. Though not the goal of the 
summer project, these data will ultimately be used to identify the genetic determinants of these 
morphological changes.  
 
Morphological phenotypes will be collected from the skeleton using a combination of dissection, video 
microscopy, microCT imaging, and image-analysis software. Our primary focus will be on measurements 
that relate to biomechanical parameters that affect skeletal performance.  
 
The data collected in this project will facilitate a more complete understanding of 1) variation in skeletal 
traits between inbred, laboratory and GI mice and 2) how this variation may relate to functional 
mechanics. These results will also inform evolutionary studies of mammalian skeletal adaptations.  
 
Student responsibilities will include: dissecting mouse cadavers and harvesting specific tissues, microCT 
imaging, measurements of skeletal cross-sections, conducting statistical analyses of measurements, and 
summarizing and reporting results in summer student poster session.  

 
Background and Rationale: 
Populations often experience rapid evolution after colonizing islands. One example of this phenomenon 
is observed in island populations of house mice, particularly on Gough Island, where rapid size increases 
have made them the largest wild house mice on record. These mice display a variety of skeletal changes 
compared to their mainland relatives. Comparing Gough and mainland mice provides a powerful 
approach for evaluating the adaptive divergence of island populations as well as the genetic basis of 
evolutionary change. This project will assess how a rapid increase in body size impacts bone 
architecture, which has implications for bone strength and function. In the future, these results will be 
applied in tandem with quantitative trait loci (QTL) mapping to identify genomic regions associated with 
these morphological changes. 
 
 
Goals and Objectives: 
Our proximate goal is to quantitatively assess differences in skeletal form between a large island 
population of mice and an inbred laboratory strain of mice. Our ultimate goal is to identify genomic 
regions that have a major effect on the skeletal phenotypes identified in this project. As part of our 
proximate goal, we have the following specific aims: 1) to characterize phenotypic variation within and 
between mouse strains, and 2) to determine the levels and patterning of covariation within and 
between mouse strains.  
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Investigative Methods to be Used: 
This project primarily involves making precise, quantitative descriptions of morphology.  We initially 
dissect and skeletonize mouse cadavers. Some are measured using histomorphometrics. Other 
specimens will be microCT scanned. CT data is output to .tiff files. We will import stacked .tiff files into 
Avizo Software for virtual reconstruction and re-slicing along desired planes. Slices will be output as new 
.tiff files and cross-sectional dimensions analyzed using ImageJ. We will phenotype large samples of both 
inbred and GI mice.  
         
Proposed Methods of Data Analysis: 
We will analyze both absolute and relative variation in testing hypotheses of morphological variation in 
GI mice. T-tests will be used to determine differences in individual phenotypes between mouse strains. 
We will also calculate shape variables relative to both body mass and other mechanical scalars, to 
examine relative differences between strains. We will use t-tests to compare skeletal shapes among 
strains.   
 
Significance of Anticipated Findings: 
We are not addressing a particular clinical pathology but rather asking a basic science question about 
the underlying genetic architecture of skeletal form and function. We anticipate that the basic science 
information gathered here will further inform our understanding of evolutionary studies of mammalian 
skeletal adaptations. 
   
Student Training/Mentoring Plan 
The fellow will work closely with Drs. Erin Franks, a postdoctoral researcher playing a lead role in the 
project, and Dr. Vinyard to become familiar with and proficient at all relevant techniques. Initially the 
student will be given relevant background readings that will then be discussed with the PI and 
postdoctoral researcher. The fellow will then be taught the appropriate data collection and analytical 
techniques. The student will have opportunities to learn about bone biology, technical aspects of 
microCT, morphological data collection with image-analysis software, data transformation and statistical 
analysis of the relevant data. The importance of statistical hypothesis testing will be emphasized in this 
fellowship.  Fellows will participate in the weekly biomechanics journal club and the end of summer 
research poster presentation at NEOMED. Fellows will have the opportunity to participate in the 
summer research series presented by Dr. Aultman. Furthermore, they can continue in this research after 
the 8-week term of the fellowship and be part of publications in peer-reviewed journals if so motivated. 
 
All required materials and equipment for data collection and analysis are available in the faculty 
sponsor’s lab facility.  
 
The study will be conducted in the Department of Anatomy & Neurobiology – NEOMED. 
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Submit your application to Dr. Tobin Hieronymus 
 
Title: Digital Muscular and Fascial Anatomy Using Contrast-Enhanced MicroCT 
PI: Tobin Hieronymus, Assistant Professor of Anatomy & Neurobiology 
Research Location: NEOMED 
 
Abstract: Smooth muscle plays a critical role in the function of many organ systems, but our ability to 
understand the effects of smooth muscle contraction are limited by our current inability to directly 
record smooth muscle activity in-vivo. Unlike skeletal muscle, smooth muscle does not depend on cell-
membrane depolarization to coordinate contraction, so standard techniques such as electromyography 
(EMG) will not work. Current research in Hieronymus lab is focused on two major aims: (1) applying 
established methods of measuring brain activity (fiber photometry) to the novel setting of peripheral 
smooth muscle tissues to directly record activity, and (2) developing selective, localized, and reversible 
interventions to manipulate smooth muscle contraction for functional studies. This summer research 
project will make use of recent advances in microCT imaging to first characterize the architecture of 
smooth muscle tissue in bird skin (our lab’s experimental model system for smooth muscle photometry 
and manipulation), and to then design surgical approaches based on computer models of anatomy.  
 
Significance: In addition to the smooth muscle lining the GI tract, airways, and vasculature, avian skin 
contains bundles of smooth muscle responsible for moving the feathers, similar to the arrector pili 
muscles in human skin. Because they are abundant and comparatively large, these muscles form a 
readily accessible experimental model for studies of smooth muscle physiology. My lab is developing a 
fiber photometry instrument to record smooth muscle activity in vivo and investigating means to locally 
and reversibly knock down smooth muscle function—both of these aims feed into the broader goal of 
testing hypotheses of smooth muscle function in vivo during normal behavior. Current 
electrophysiology-based methods do not allow for direct measurement of smooth muscle contraction, 
and instead rely on indirect measures of correlated skeletal muscle contraction, which are only present 
in some systems. The ability to directly measure and reversibly manipulate smooth muscle function in 
vivo has implications cross urogenital, gastrointestinal, and cardiopulmonary physiology. 
 
Goals & Objectives: The goals of this study are to (1) provide the first tomographic characterization of 
smooth muscle bundles in avian skin, and (2) evaluate surgical approaches in this system using  
computer modeling.  
 
Research Methods: This study employs Diffusable Iodine Contrast Enhancement (DICE) and Selectively 
Perfused Iodine Contrast Enhancement (SPICE), both recently developed techniques for imaging 
normally radiolucent tissues with X-ray computed tomography (CT). These techniques employ the 
radiodensity of iodine as a contrast agent for CT imaging, and are thus comparable to the use of 
injectable iodinated contrast media for angiography. The student fellow will have the opportunity to 
perform both techniques in the lab.  
 
Data Analysis: Analysis for this project will include segmentation using Avizo CT analysis software to 
generate computer models of the musculature and surrounding tissues, as well as manipulation of these 
models and models of surgical hardware in MeshLab to evaluate potential surgical approaches. 
 
Contribution to Overall Research Effort: Completion of this project will enable more accurate 
placement of injections and fiber-optic cannulae in continuing experiments with avian feather muscles. 
This work will also produce a stand-alone set of anatomical results suitable for student-led publication. 
 
Student Fellow Mentoring Plan: Student fellows will take part in weekly lab meetings with the lab PI 
and technical staff to identify and address lab-wide issues and tasks. Student fellows will also be 
expected to attend the weekly journal club for the Musculoskeletal Research Focus Area, providing 
exposure to a broad range of research topics as well as a chance to interact with researchers at different 
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career stages—typical attendance in summer includes 2-4 summer fellows, 2-3 technicians, 1-4 graduate 
students, 3 postdocs, an assistant professor, two associate professors, and a full professor. Timely 
completion and reporting of the student fellows’ projects will be ensured by weekly one-on-one 
meetings with the PI, not only to organize work but also to work through main tasks side by side (e.g., 
worked examples of analysis, drafting, editing and presentation) both during the summer and through 
the following year as needed. Materials and expenses for the proposed research are supported by and 
NSF Grant 1838746 to the PI. 
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Submit your application to Dr. Tobin Hieronymus 
 
Title: In-vivo Study of Smooth Muscle Function 
PI: Tobin Hieronymus, Assistant Professor of Anatomy & Neurobiology 
Research Location: NEOMED 
 
Abstract: Smooth muscle plays a critical role in the function of many organ systems, but our ability to 
understand the effects of smooth muscle contraction are limited by our current inability to directly 
record smooth muscle activity in-vivo. Unlike skeletal muscle, smooth muscle does not depend on cell-
membrane depolarization to coordinate contraction, so standard techniques such as electromyography 
(EMG) will not work. Current research in Hieronymus lab is focused on two major aims: (1) applying 
established methods of measuring brain activity (fiber photometry) to the novel setting of peripheral 
smooth muscle tissues to directly record activity, and (2) developing selective, localized, and reversible 
interventions to manipulate smooth muscle contraction for functional studies. This summer research 
project will involve summer fellows in the current phase of one or both of these aims, where students 
will contribute to surgeries and behavioral trials using our models systems for dermal smooth muscle: 
domestic chickens (Gallus gallus) and golden pheasants (Chrysolophus pictus). 
 
Significance: In addition to the smooth muscle lining the GI tract, airways, and vasculature, avian skin 
contains bundles of smooth muscle responsible for moving the feathers, similar to the arrector pili 
muscles in human skin. Because they are abundant and comparatively large, these muscles form a 
readily accessible experimental model for studies of smooth muscle physiology. My lab is developing a 
fiber photometry instrument to record smooth muscle activity in vivo and investigating means to locally 
and reversibly knock down smooth muscle function—both of these aims feed into the broader goal of 
testing hypotheses of smooth muscle function in vivo during normal behavior. Current 
electrophysiology-based methods do not allow for direct measurement of smooth muscle contraction, 
and instead rely on indirect measures of correlated skeletal muscle contraction, which are only present 
in some systems. The ability to directly measure and reversibly manipulate smooth muscle function in 
vivo has implications cross urogenital, gastrointestinal, and cardiopulmonary physiology. 
 
Goals & Objectives: The goals of this study are (Aim #1) to test the efficacy of calcium-sensitive dyes 
coupled with fiber-optic photometry to record smooth muscle activity in awake, behaving individuals, 
and (Aim #2) to assess pharmacological agents for reversible, local, post-synaptic control of smooth 
muscle contraction. 
 
Research Methods: Aim #1 uses fiber photometry, a technique that is widely applied to measure 
localized brain activity using fluorescent indicator dyes and fiber-optic light delivery/recovery.  This 
project applies fiber photometry in a novel setting, within peripheral muscle tissue, in an attempt to 
produce the first direct in-vivo recordings of smooth muscle activity. Aim #2 employs cell-permeable 
pharmacological agents that are known to temporarily disrupt myosin light chain kinase and rho kinase 
activity during smooth muscle contraction. Work on both aims will be accomplished in a combination of 
anesthetized trials and awake, behaving trials, by instrumenting and/or manipulating feather muscles 
that contribute to display in domestic chickens (Gallus gallus) and Golden Pheasants (Chrysolophus 
pictus). The specific focus of student research in this project will depend in part upon our lab’s progress 
on the research in winter and spring of 2020, and in part upon the interests of the student. 
 
Data Analysis: Analyses for both aims will include digitization of videos of in-vivo feather movement 
during display behaviors. Student researchers will gain hands-on experience in training neural networks 
to track features and landmarks in video of behavioral trials. Analyses of photometry data will include 
signal processing and time series analyses that are common to a broad range of electrophysiological 
modalities (e.g., electromyography). 
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Contribution to Overall Research Effort: Completion of studies under these aims will address different 
stages of developing two new technical approaches—the feasibility of the technical approaches is itself 
the focus of the funded research, so any outcome (positive or negative) will advance the project as a 
whole. Student projects will either form stand-alone papers or be incorporated into manuscripts 
reporting progress on the project. 
 
Student Fellow Mentoring Plan: Student fellows will take part in weekly lab meetings with the lab PI 
and technical staff to identify and address lab-wide issues and tasks. Student fellows will also be 
expected to attend the weekly journal club for the Musculoskeletal Research Focus Area, providing 
exposure to a broad range of research topics as well as a chance to interact with researchers at different 
career stages—typical attendance in summer includes 2-4 summer fellows, 2-3 technicians, 1-4 graduate 
students, 3 postdocs, an assistant professor, two associate professors, and a full professor. Timely 
completion and reporting of the student fellows’ projects will be ensured by weekly one-on-one 
meetings with the PI, not only to organize work but also to work through main tasks side by side (e.g., 
worked examples of analysis, drafting, editing and presentation) both during the summer and through 
the following year as needed. Materials and expenses for the proposed research are supported by and 
NSF Grant 1838746 to the PI. 
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Submit your application to Dr. Jeffrey Mellott 
 
Project Title: Age-related loss of GABA in the Auditory Midbrain 
Dr. Jeffrey Mellott. NEOMED; Building E; Rooms 147/153 
 
Abstract: Age-related hearing loss (ARHL) is one of the most common maladies of industrialized 
populations. Essentially, as the cochlea (periphery nervous system) ages, excitatory input is lost 
to the central nervous system. To compensate for the lost excitation, the central nervous 
system will down-regulate inhibition. Eventually this inhibitory downregulation becomes 
problematic as the lost inhibition leads to a variety of hearing deficits. These deficits include 
difficultly interpreting speech and detecting salient signals from noisy environments. We 
investigate age-related inhibitory changes in the inferior colliculus (IC) during ARHL. The IC is 1) 
pivotal for the processing of complex acoustic stimuli, 2) receives inhibitory input from a 
diverse set of nuclei, 3) contains a vast population of inhibitory cells and 3) downregulates 
inhibition during aging. 
 
Significance: The project will identify the circuits in the auditory midbrain that undergo age-
related changes and whether those changes are correlated to increases in hearing thresholds. 
 
Goals and objectives: The student will determine IC circuits that lose inhibitory input during 
aging. 
 
Methods used: We will use immunohistochemistry, fluorescent microscopy, in situ 
fluorescence hybridization, traditional tract-tracing, neuron reconstruction.  
 
Proposed methods of data analysis: Most analysis will be conducted with Neurolucida Explorer 
(MicroBrightField). 
 
Impact of findings: Our long-term goal is to understand how aging affects auditory midbrain 
circuits. Findings from this project will help determine the auditory circuitry that attempts to 
compensate for age-related inhibitory changes. Furthermore, findings will help determine when 
these changes begin to occur and if these central changes can be related to the changes seen in 
the periphery. 
 
Student Mentoring Plan 
 
The student will be expected to attend weekly lab meetings. As a part of the Hearing Research 
Group, they will be expected to attend Friday morning Journal Clubs. The student may be asked 
to present their findings during one of the Journal Clubs. 
 
Most of the tissue necessary to conduct the data collection and analysis is already “on slide”. 
Generating the cases needed will be minimal or absent from the 8-week term, which will help 
maximize the student’s time. All needed elements to complete the study are fully function and 
routinely used in the lab. Microscopy training will come from the PI. Training on the needed 
software will be a combination of the PI and Research Assistant. 
 
All experiments will be conducted and analyzed in E-147/E153. 
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Submit your application to Dr. Dana Peterson 
 
Faculty Member: Dana Peterson, Ph.D. – Associate Professor: Department of Anatomy and 
Neurobiology, NEOMED Rootstown Campus 

 
Histology Curriculum Project: “Histology Across the Human Lifespan: A Photographic Atlas Project” 
 
Number of 2020 Summer Research Fellows that will be supported: Two 
 
Number of hours per week/#weeks: 40hrs/week for 8 weeks. 
 
Abstract:  
This project will continue the development of an educational resource for students of higher education 
pursuing histology coursework in basic medical science programs. The electronic photographic atlas will 
include an innovative, learner-centered curriculum designed to guide students in the identification of 
predictable microscopic changes that occur in human tissues across the lifespan of an individual. The 
images and curricular activities will prepare students to recognize disruptions in the sequence and/or 
timing of these age-normal histological changes as pathological indices for medical intervention.  
 
Background and Rationale: 
In 2013 less than 25% of all graduating medical students in the U.S. reported that they had received 
excellent preparation in microanatomy (histology) for their clinical clerkships or senior electives. At this 
institution, less than 17% of the 2013 graduating medical students reported that they received excellent 
preparation in histology during their basic sciences curriculum. A frequent complaint of these students, 
is the (perceived) lack of medical relevance for histology in the education and training of physicians.  
 
The pivotal design component for “Histology - Across the Human Lifespan,” is the presentation of 
multiple samples of a single tissue type to novice learners. Students examine microscopic samples of the 
same tissue type from individuals of different ages that include a pediatric exemplar, an adolescent 
exemplar, plus adult and geriatric samples. Medical science programs typically do not include age 
progression observations for students in traditional histology courses. However, comparisons made 
between tissue samples of individuals of different ages can reinforce similarities, and highlight 
differences, between tissues/organs. In addition, this atlas project will provide comparisons of adult 
tissue exemplars from all major organs between individuals with a normal body mass index (BMI) and 
those with an abnormally high BMI. Individuals with a BMI >30 are considered obese, and are at-risk for 
serious health complications. Laboratory exercises embedded in the electronic atlas will be designed to 
actively engage students in the analysis and interpretation of profound tissue changes that can occur in 
obese individuals. These simple comparisons are not possible when students examine only a single 
tissue sample/photomicrograph. Their cognitive skills are restricted to recognition/recall of the single 
sample that they have observed. Students examining a single tissue exemplar are deprived of 
opportunities to practice more advanced cognitive operations like analysis, synthesis and evaluation, 
described by Benjamin Bloom (1956) in his taxonomy of cognitive domains.  

 
Scope of Project: Students will be trained in all phases of tissue processing, paraffin-embedding, 
sectioning and tissue staining.  Students will also be trained to operate the automated slide-scanning 
system that creates digital images from the prepared tissue slides. Students will learn to utilize the 
proprietary cell quantification software modules to determine changes in cell numbers and cell types in 
the analyzed tissue samples across all age and weight categories for organs of the reproductive systems, 
accessory GI organs and integumentary system. The primary goal for the summer of 2019 is to process 
approx. 1,000 autopsied tissue samples. 
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Investigative Methods 
Previously, autopsy records from 2000 to 2009 were collected from Akron 
Children’s Hospital and St. Elizabeth Youngstown Hospital. These records were screened for tissue 
exemplars of normal, non-pathologic samples from males and females for all organ systems, in all age 
categories. Currently tissue samples are acquired through the Cuyacoga County Coroner’s Office. The 
tissue sample inventory to date has catalogued over 800 individual samples that could be utilized for the 
atlas project. This summer, autopsy samples of interest will be procured from both hospitals. New 5 µm 
sections will be cut from the existing paraffin blocks using a microtome, mounted, and stained using a 
modified hematoxylin and eosin staining protocol. Finished slides will be batch imaged with an Olympus 
VS120 Slide Scanner Microscope at 40x magnification using a high density focal map. 
 
Proposed Method of Data Analysis 
Automated multiple cell type quantification and analysis will be conducted on standardized regions of 
interest for each digital slide image using the Olympus VS-Desktop quantification software. 
 
Significance of Anticipated Findings 
Based on results documented in previous summers by NEOMED fellows working on this atlas project, 
there are recognizable age-related changes that occur in cell size, cell number and cell types in organs 
with aging. These differences appear to be normal and predictive along an age progression continuum. 
However, there were observable changes in cell types and cell numbers when samples from obese and 
non-obese individuals (same gender/same age category) were compared that may be indicative of 
subtle pathological changes. In expanding the scope of the project for this summer to include multiple 
organs of the reproductive systems, accessory GI organs and the integument system, it is anticipated 
that similar histological age-related patterns will be identified. A recent review of the literature and 
search for available curricular materials for students in the medical sciences that quantitatively and 
qualitatively documents age-related histological changes for multiple body systems across the human 
lifespan did not reveal any groups pursuing similar lines of investigation. The continuation of the atlas 
project this summer will allow student researchers to make substantial contributions to a growing body 
of evidence linking important health-related changes to aging and obesity. 2017 summer fellows 
attended the national pathology conference in January 2018 and were awarded the Distinguished Poster 
Presentation award based on their contributions to this project.  
 
Student Fellow Training/Mentoring Plan 
 
Individual Training 
All of these student researchers will be introduced to the fundamental concepts of scientific 
recordkeeping, appropriate histological processing and staining techniques, photomicrograph imaging 
and image analysis using the new Department of Anatomy and Neurobiology slide scanning system.  
 
Group-Sponsored Training 
 
NEOMED faculty in the Department of Anatomy and Neurobiology and the Department of Family 
Medicine are collaborating to present again this summer the “Summer Research Seminar Series. “ 
Available to all interested summer interns these lunchtime sessions will include presentations on: 
 

• The Research Question 

• Research Ethics 

• Advanced Literature Searches 

• Authorship and Publishing 

• Poster Design 
 
*This research does not require IRB or IACUC approval. 
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Submit your application to Dr. Sharad Shanbhag 
 
Project information:  
 Title: Brain Circuitry Underlying Hearing and Emotions 
 Principal Investigator: Sharad Shanbhag, Ph.D., Research Associate Professor 
 Co-Investigator: Jeffrey Wenstrup, Ph.D., Professor and Chair 
 Location: Department of Anatomy and Neurobiology, NEOMED 

Abstract 
Our work investigates neural mechanisms underlying the process by which emotional centers in the 
brain assign meaning to social vocalizations. Past experiments in our lab have found neurons in the 
amygdala that respond selectively to social vocalizations. We have examined how contextual cues 
associated with a social vocalization alter the interpretation of that vocalization by the individual and by 
neurons in the amygdala. Recently we have shown that the behavioral and amygdalar response to a 
vocalization is differentially altered by exposure to olfactory cues associated with either mating or 
predators. We now propose to examine the mechanisms of selectivity for vocalizations as well as the 
source of contextual cues in the amygdala. Using optogenetic techniques, we will selectively inactivate 
cortical or thalamic inputs to the amygdala while assessing the effects on amygdalar neural activity and 
responses to vocal stimuli. Histological analysis of labeled neurons will help to delineate brain regions 
involved in the network for vocal signal processing. 
 
Background and rationale 
Our long-term goal is to improve the understanding of neural mechanisms that underlie acoustic 
communication. This project focuses on the amygdala, a structure known for its role in auditory fear 
conditioning. For this role, it receives auditory input from the thalamus and cortex, contributes to 
identifying a stimulus as aversive, and provides for appropriate emotional responses (e.g., autonomic 
responses, freezing). Our view is that the amygdala plays a critical role in acoustic communication 
through participation in several processes. Dysfunction in the amygdala may be involved in abnormal 
relationships between acoustic inputs and emotional responses in disorders such as autism, 
schizophrenia, post-traumatic stress, and tinnitus. We are interested in which neural inputs provide 
vocalization-specific and contextual information necessary for interpretation of acoustic. This is the next 
step in understanding how these neural inputs act on amygdalar neurons to influence behavior. 
 
Goals and objectives 
Our long-term goal is to improve the understanding of neural mechanisms that underlie acoustic 
communication. This summer project aims to identify and quantify the mechanisms of vocalization-
selective responses. We hypothesize that discrimination and selectivity in response to social 
vocalizations arises from projections of secondary auditory cortical areas. We further hypothesize that 
inputs from the prefrontal cortex, ventral tegmental area and hippocampus underlie contextual 
modulation of auditory responses.  
 
Investigative methods to be used 
To identify inputs to the basolateral amygdala, we combine neurophysiological recording with 
optogenetics. After surgical preparation, injections of recombinant adeno-associated virus (rAAV) coding 
for light-activated ion pumps or channels are performed into target structures in the mouse brain. 
Following a 4-6-week survival period, we record neurophysiological responses to vocal stimuli. Light 
from a fiber-coupled laser or LED is used to inactivate inputs to the amygdala that originate from the 
rAAV-injected brain structure. At the completion of recordings, histological preparation and analysis of 
brain sections will reveal labeled neurons that project to the amygdala. We will evaluate the numbers, 
types, and distribution of labeled cells that project specific auditory or contextual information to the 
basolateral amygdala. Data from multielectrode electrophysiology will be analyzed using spike sorting 
software and custom analysis software. 
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Proposed method of data analysis 
Neurophysiology: Electrophysiological responses will be plotted and quantified off-line. Initial steps will 
include exporting of raw data for spike sorting, processing of data using spike sorting software and then 
integration of sorted data with stimulus information.  
Anatomy: Slide-mounted and cleared tissue sections will be examined using fluorescence microscopy. 
Sections containing fluorescently labeled neurons or fiber tracts will be digitally photographed and the 
images stored for further off-line analysis. Analysis will include, but not be limited to, counts of cell 
bodies in areas of interest and reconstruction of projection pathways to the BLA.  
 
Significance of anticipated findings 

• The results will provide the description of the convergence of auditory and other sensory 
information in amygdalar regions responsive to social vocalizations. This helps to establish the 
neural circuitry underlying contextual modulation of auditory responses. 

• The results will identify the regions of the auditory pathway that endow amygdalar neurons with 
responsiveness to social vocalizations. The results will identify origins of vocalization-selectivity in 
amygdalar neurons. 

• The results will identify brain regions that project to the amygdala to modulate auditory responses. 
This work will explain how specific inputs to the amygdala contribute to behaviors associated with 
social communication by sound. 
 

Summer Research Fellow Training/Mentoring 
All research will be conducted in the Acoustic Communication and Emotions Laboratory, which is part of 
the Department of Anatomy and Neurobiology at NEOMED. The laboratory includes three faculty, one 
research associate, one postdoctoral fellow (Dr. Mahtab Tehrani) and one graduate students. The 
student will work closely with Dr. Shanbhag and Dr. Tehrani and will interact extensively with other 
laboratory members.  
 
The laboratory emphasizes collaborative interactions, high expectations and enthusiasm. The group 
meets in weekly laboratory meetings where ideas are developed, and technical issues and results 
discussed. Our laboratory has an extensive record of mentoring undergraduate and professional student 
trainees since 2009. The fellow will also attend the weekly journal club of the Auditory Neuroscience 
Group (ANG). The highly interactive ANG is composed of members of nine hearing neuroscience 
laboratories with a wide range of experimental approaches. The fellow would be expected to present a 
summary of their summer project to this group. 
 
The fellow will be trained in many of the procedures associated with this project, commensurate with 
their skill and ability. If interested, the student will participate in neural recording experiments, including 
fabrication of electrode-optical fiber arrays for optogenetic experiments.  
 
The student will participate in histological processing to prepare brain sections for subsequent neural 
imaging and tracing. The student will also participate in analyzing the results of neural tracing studies 
and the neural recording data. From these methods, the student will gain experience in identifying brain 
regions, histological and electrophysiological techniques, and data analysis. 
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Submit your application to Dr. Jesse Young 
 
Project Title: Biomechanics of Locomotor Development in a Preterm Animal Model 
Principle Investigator: Jesse Young, Associate Professor, Dept. of Anatomy and Neurobiology 
Location: Comparative Biomechanics Laboratory, D103 – D111 
 
ABSTRACT 
Preterm infants constitute 11% of all infants born in the United States (Martin et al. 
2015). Most of these infants show significant delays in motor development, even after correcting 
for gestational age (i.e., subtracting the number of days born early from chronological age, 
effectively adjusting to the age the infant would have been had they reached full term). 
However, the exact physiological mechanisms that account for these delays remain a mystery. 
Previous studies have hypothesized causes as disparate as early postnatal respiratory distress, 
poor cerebellar development, low muscle mass, and limits on muscle power production (Van 
Haastert et al. 2006). In part, this gap in our knowledge stems from the integrative nature of 
locomotion itself. Safe, efficient walking requires the coordinated output of multiple organ 
systems (respiratory, circulatory, nervous, musculoskeletal) to modulate the energetic and 
biomechanical demands of supporting and accelerating body mass. Only a longitudinal, 
multimodal study could provide the type of integrative physiological and mechanical data 
required to address the etiology of preterm infant motor delays. Such a study is not feasible in a 
compromised population like preterm human infants. As such, the Comparative Biomechanics 
Laboratory at NEOMED (under the direction of Dr. Jesse Young and Rebecca German) is 
developing the infant pig as an animal model of preterm human infant behavioral development. 
The goal of this study to is gather preliminary data on the biomechanics of locomotor and 
postural development in this model to investigate the underlying physiological factors that may 
be associated with developmental motor delays in preterm infants. 
 
SIGNIFICANCE 
Motor function is central to behavioral development. The onset of locomotion has been 
linked to developmental advances in domains seemingly far afield from motor behavior itself, 
including emotional development, social communication, spatial cognition, and memory 
(Campos et al. 2000). In this light, motor delays have downstream sequelae that cascade 
throughout development. Therefore, an improved understanding of the proximate physiological 
and biomechanical factors that hamper motor development in preterm infants has the potential to 
lead to novel therapies and treatments that could enhance quality of life for the infant patients 
and their caregivers. 
 
GOALS AND OBJECTIVES 
The overarching goal of this research is to use standard kinesiological techniques to 
characterize the locomotor biomechanics of preterm infant pigs. Locomotor data will be 
compared to standardized data from full-term pig infants to quantify 1) the degree to which 
motor development is delayed in the preterm infants and 2) what physiological and 
biomechanical factors best explain this delay. Specific goals include: 1) using high speed video 
to quantify developmental changes in spatiotemporal kinematics (e.g., locomotor speed, 
interlimb coordination), 2) using three-dimensional photogrammetric data from the video 
recordings to quantify developmental changes in limb posture, 3) using force plates to quantify 
developmental changes in balance and muscle force production, and 4) using synchronized 
electromyography (EMG) to quantify developmental changes in muscle coordination. 
 
INVESTIGATIVE METHODS 
In coordination with members of the German laboratory, we will initially make daily 
recordings of preterm infant pigs spontaneously moving about in an enclosed runway. 
Recordings may become more intermittent (i.e., every other day to eventually weekly) as infants 
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age. Four high-speed cameras will be positioned along the trackway (two on each side) to 
collect synchronized high-speed videos of locomotion (filming at 100 Hz). Limb joints will be 
marked with indelible ink or paint to aid later tracking of joint positions from video. Four smallanimal 
force platforms will be positioned in the center of the trackway, mounted flush with the 
floor, to track balance and record muscle force production during locomotion. Surface or 
indwelling EMG electrodes will be positioned along the limbs to record flexor and extensor 
muscle activity during locomotion. The animals will be motivated to move about the runway 
using food rewards. If very young animals are unwilling or unable to walk continuously, posture 
and balance control will be quantified by having the animal stand still on the force plates while 
simultaneously quantifying muscle activity using surface EMG electrodes. All data modalities 
will be recorded at high sampling rates (i.e., 1-10 kHz) and synchronized with video records 
using Xcitex ProCapture software. 
 
DATA ANALYSES 
Using Xcitex ProAnalyst software, the research fellow will isolate periods of continuous 
gait (i.e., locomotor strides), code the timing of relevant footfall events (i.e., touchdowns and 
liftoffs), and digitize the position of the joints in three-dimensional space. Raw data from 
ProAnalyst will be entered into customized MATLAB scripts to quantify locomotor performance 
(i.e., gait speed, continuity, linearity), balance (base of support size, sway), muscle force 
production (active muscle use in extensor muscle compartments during locomotion), and muscle 
coordination (timing of EMG bursts from flexor and extensor muscle compartments). 
Developmental (i.e., age-related) changes in these parameters will be analyzed via regression 
models constructed in the R statistical package. Additionally, project data will be compared with 
a similar dataset previously collected on full-term infant pigs. 
 
INTEGRATION WITH OVERALL PROJECT 
The data collected here form the bulk of a preliminary dataset that will be used to support 
an application to the NIH to fund research on using this system as an animal model of preterm 
infant behavioral and functional development (co-PIs Young and German). As such, the work of 
the summer research fellow will be integral to the further evolution of this research project. 
 
APPENDIX: References Cited 
Campos JJ, Anderson DI, Barbu-Roth MA, Hubbard EM, Hertenstein MJ, and Witheringon D. 
2000. Travel broadens the mind. Infancy 1:149-220. 
Martin J, Hamilton B, Osterman M, Curtin S, and Mathews T. 2015. Births: Final data for 2013. 
National vital statistics reports. Hyattsville, MD: National Center for Health Statistics. 
Van Haastert I, De Vries L, Helders P, and Jongmans M. 2006. Early gross motor development of 
preterm infants according to the Alberta Infant Motor Scale. The Journal of pediatrics 
149(5):617-622. 
 
Summer Research Fellow Training/Mentoring Plan 
Over the almost ten years at NEOMED, I have mentored a total of 39 high school, 
undergraduate, and medical students and advised five postdoctoral fellows. I am committed to 
fostering a positive, rewarding research experience for all trainees in my laboratory, including the 
summer fellow on this project. This goal will be achieved through the mentoring program 
described below. 
 
First, the fellow will be trained to participate in every phase of project research, including 
data collection, analysis, interpretation, and dissemination. This involvement will promote mastery 
of several skills necessary to accomplish holistic biomechanical research, such as the collection 
and analysis of kinematic and kinetic data and the use of common software packages (e.g., 
MATLAB, ProAnalyst, and R). Opportunities for medical students to gain experience with in vivo 
biomechanical research are rare, and the skills gained through involvement with this project should 
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substantially broaden the fellow's expertise. Additionally, I will mentor the fellow in a structured 
literature review, providing the student with the necessary theoretical and empirical background 
to understand the impetus for our research and the chosen methodology for addressing the research 
questions. All project findings will eventually be disseminated through presentations at 
professional conferences, peer-reviewed journal articles, and other scientific media. Where 
merited, the fellow will be given authorship on all presentations and publications relating to this 
project, even after the student is no longer actively working in my laboratory. 
 
The student will be given the opportunity to participate in regular brown bag seminars and 
journals clubs sponsored by the NEOMED Musculoskeletal Biology Research Focus Area. 
Additionally, the fellow will participate in all laboratory meetings, both with the members of my 
lab and the members of the larger Comparative Biomechanics Laboratory that I run jointly with 
Dr. Rebecca German and Dr. Christopher Vinyard. 
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Submit your application to Dr. Julie Aultman 
 
PROJECT TITLE: Risk Factors Contributing to Mental Illness Among Local Refugee Populations 
 
PRINCIPAL INVESTIGATOR:  Julie M. Aultman, Ph.D. 
 
LOCATION(S):  NEOMED and Summit County ASIA, INC. 
 
BACKGROUND OF PROJECT: 
 
Mental health and suicide risks among refugee, asylum seekers, and undocumented persons relocated 
in the United States is particularly high and due to several factors such as post-traumatic stress disorder 
from their experiences living in their home country or in refugee/detainment locations, loss of loved 
ones to illness, abuse, war and famine, and difficulty adjusting to new environments in the relocation 
process (Aoe, et al., 2016).  Addressing mental health is an extensive challenge among healthcare 
professionals, patient advocates, community aide groups, among others who are trying to serve the 
health needs of this population. Because of the multitude of factors contributing to mental health 
issues, high suicide rates, and addiction, as well as the confounding issue that some refugee populations 
have difficulty conceptualizing mental illness due to cultural differences, it is important that we examine 
these issues to identify those mental health risk factors that require special attention.   This summer 
research project will begin with a literature review of the general mental health issues and risks factors 
among refugee populations, and then will narrowly focus on the unique perspectives of local resettled 
populations in Northeast Ohio (particularly the Bhutanese Nepalese population). Acquire perspectives 
from local populations will provide further insight into the magnitude of mental health issues so that we 
can best inform those providers and others who are seeking to provide support and treatment.  We will 
be working with local agencies and task force groups for descriptive information, and for determining 
next steps for future research and approaches to mental health care and the ethical guidance that is 
required for the safety and security of this population. 
  
ABSTRACT 
 
Significance:  This project aims to identify the complexities of mental health as it is understood and 
experienced among local refugee populations through a detailed literature review, open discussions, 
and interactions among providers, advocates, community leaders and others.  Besides identifying 
mental health risk factors and conceptualizing mental illness among specific refugee populations 
(Bhutanese Nepalese in Akron Ohio), ethical guidance will be identified for aiding individuals in working 
with resettled populations.  We hope this work will be informative and have an impact on our 
community. 
 
Goals and Objectives: 
The following research questions will be addressed in this summer fellowship project: 

1. How is mental illness understood among resettled refugee populations living in Northeast Ohio? 
2. How does such an understanding (or lack thereof) have an impact on the ability for refugees to 

get mental health treatment? 
3. What are the general risk factors for suicide, PTSD, addiction, and other areas of mental health 

for this population and why? 
4. What are some of the ethical concerns in identifying, discussing, diagnosing and treating refugee 

populations in which mental illness is neither understood nor valued? 
 
Methods:  The student will be tasked to do a thorough literature review and connect with local agencies 
and groups to acquire a better understanding of mental illness risks and to develop a set of ethical and 
pragmatic recommendations (e.g., communication strategies) for providers and others in being sensitive 
to the culture, needs, and values of refugee populations.  The student will also identify areas for 
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potential future mixed methods research such as surveys, interviews and focus groups through a 
community-based participatory research approach.   
 
Data Analysis:  Systematic Literature Review 
 
Anticipated Findings and Success of Overall Research:  
We anticipate a number of mental health risk factors that will be identified through conversations 
among local groups, including resettled refugee populations, that are more extensive than what is in the 
literature.  We also anticipate that some populations do not have a concept of “mental illness” and are 
resistant to discussing or seeking out treatment for suspected mental health disorders (e.g., PTSD).  
However, we hope that we can identify strategies for addressing mental health with resettled refugee 
populations that is sensitive to their understanding and cultural values; such strategies may require 
developing a working group of experts beyond our local refugee tasks forces and developing a research 
protocol to collect mixed methods data. 
 
STUDENT FELLOW TRAINING/MENTORING PLAN  
 
The summer fellow will have weekly meetings with the PI to determine the progress of the research and 
to provide guidance throughout the multiple stages of the project.  The fellow will be expected to attend 
the Summer Seminar Series in Research Ethics, which is a 6-week course with seminars every 
Wednesday at NEOMED and open to all research fellows and graduate students (graduate student may 
take this seminar series for credit).  Part of the seminar is online, along with interactive sessions to 
prepare the fellow for their final poster presentation at the end of the fellowship. 
 
There will also be an initial journal club meeting to review baseline peer-reviewed research in the topic 
area.  Part of this journal club meeting will involve working with library services to guide the fellow in 
learning how to work with research databases particular to public health, mental health, ethics and 
health humanities, and law. 
 
The fellow will work both on-site and off-site at NEOMED to work on the project and to engage with 
community members who are identified as refugees and asylum seekers.  While there will be no human 
subjects research conducted, the fellow will become immersed in the Bhutanese Nepalese culture and 
identify particular areas in public and mental health care that could be utilized or improved upon for 
purposes of increasing the availability and accessibility of mental health care resources and ultimately 
reduce stigma and  mental health risks, particularly suicide, in the refugee community. 
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Submit your application to Drs. Stacey Gardner-Buckshaw and Rebecca Fischbein 
 
Title: Mythbusting: Examining and addressing family medicine and other primary care attitudes, 
experiences and interest pre- and post-clerkships  
 
Principal Investigators: Stacey Gardner-Buckshaw, PhD, MPA, Assistant Professor, Director of 
Community Engagement, Department of Family and Community Medicine; Rebecca Fischbein, PhD, 
Assistant Professor, Department of Family and Community Medicine 
 
Location: Northeast Ohio Medical University 
 
Background: The literature tells us that students deviate from their decision to practice primary care, 
most often, during M3 clerkship. In July of 2019, NEOMED rising M3 students participated in a program 
addressing the seven myths about family medicine. Program evaluation results were statistically 
significant at p<.01 at the post-test, indicating students felt prepared to respond to the incorrect 
information.  
 
Significance: Research shows that an increase in the number of family physicians results in greater 
patient health (1), yet the number of students choosing to match in family medicine does not meet the 
demand (2, 3). Most students interviewing for medical school at Northeast Ohio Medical University’s 
(NEOMED) College of Medicine (COM) express a desire to go into primary care. However, the average 
family medicine match rate among graduates is 10%, even though our Family Medicine Interest Group 
(FMIG) has earned the “Student Interest Group of the Year” more than any student organization, and 
over half of NEOMED COM alumni choose to work in a medically underserved area after residency (4). 
The family medicine clerkship is the highest rated clerkship among third year medical students, yet the 
third year of medical school is also when many students deviate from family medicine for other medical 
specialties (5). The literature provides much evidence for the decline in medical school graduates 
selecting family medicine as their specialty choice, but little is written about successful medical school 
interventions to cease and reverse the trend. This pilot project applies literature from psychology, 
empowers students to positively respond to negative comments about family medicine, and builds 
confidence in their family medicine specialty choice. With input from third year medical students, we 
developed and implemented the Mythbusters program to maintain the passion for family medicine 
students share in their early years of medical school, and help them feel secure in their specialty choice. 
 
Goals and Objectives: The aim of this study is to examine the attitudes and experiences of students who 
participated in the “Mythbusters” activity. Specifically, we will conduct a focus group with students who 
took part in this program to assess the following research questions:  

1) What are the attitudes and experiences about family medicine pre- and post-clerkship 

among students who participated in the “Mythbusters” activity? 

2) What is the influence of the “Mythbusters” activity on participant experiences and attitudes 

about family medicine? 

3) What is the influence of the “Mythbusters” intervention on student interest in family 

medicine and other primary care specialty choices one year post intervention, as reported 

by student participants? 

4) What improvements can be made to the “Mythbusters” program or other activities to affect 

student interest in family medicine and other primary care specialty choices, as reported by 

student participants? 

Research methods used: This research will include qualitative data collection and analysis to examine 
experiences and attitudes of students who participated in the “Mythbusters” activity; specifically family 
medicine and other primary care attitudes, experiences and interest pre- and post-clerkships and 
influence of the Mythbusters program on these factors. 
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Proposed methods of data analysis: The student fellow will fully participate in the qualitative data 
collection and data analysis. The qualitative data analysis will include several steps. First, the student will 
transcribe the notes and recordings from the session. Next, in collaboration with the faculty, the student 
will use grounded theory methods to conduct line-by-line coding of the content. Subsequently, the 
student will combine the codes into categories and finally themes.  
 
Anticipated findings and contribution of the fellow to overall research: 
Findings will have multiple applications – 1) specific improvement of the Mythbusters program to 
increase/improve efforts for keeping NEOMED students engaged in family medicine, 2) dissemination of 
these findings in primary care education outlets to inform other educators about using this as a possible 
tool, and 3) providing the basis for more formalized research regarding intervention.  
The student fellow will fully participate in data collection, data analysis, and dissemination of this 
research. This includes opportunity, post-fellowship, to participate in manuscript writing as the student’s 
interest and schedule allows. Discussions and student education regarding manuscript writing and 
authorship will adhere to Department of Family and Community Medicine authorship guidelines.  
Specifically, during the course of the fellowship, it is anticipated that the student will: 

• assist in scheduling and planning the focus group,  

• help facilitate the session,  

• take notes and later transcribe the session notes and recordings,  

• code the transcripts,  

• analyze the codes for themes 

• develop and present a poster on findings at ORSP Summer Research Poster Session. 

Timeline:  

Time Activities* 

Pre-Fellowship Complete CITI training 

Week 1 Introduction to project, review existing literature and materials, start to 
schedule and plan focus group 

Week 2 Finalize focus group 

Week 3 Conduct focus group 

Week 4 Transcribe session 

Week 5 Code transcript 

Week 6 Analyze transcript 

Week 7-8 Create and finalize poster 

End of Summer 2020 Present poster at ORSP Summer Research Poster Session 

Academic Year 2020-2021 As student interest and schedule permits, participate in manuscript 
development and dissemination 

*please note that student mentoring and guidance will be ongoing throughout the project. 
 
Student Fellow Training/Mentoring Plan: The student will meet with Drs. Gardner-Buckshaw and 
Fischbein weekly. The student selected for this position will take part in a six-week session with all 
summer fellows working in the Department of Family and Community Medicine. He/she will participate 
in a research certificate-training program, led by Dr. Julie Aultman. Topics include: 
  A. Establishing a research question 
  B. Conducting a gap analysis/literature review 
  C. Protection of human subjects 
  D.   Data collection/management 
  E. Posters and presentations 
 
Resources Available: The student will receive space in the Department of Family and Community 
Medicine, with access to computers and a telephone for survey interviews and data collection. The 
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student will also receive research and statistical support as needed. Students will work with the DFCM 
faculty team and learn how to submit a regional or national presentation of their work. Department 
resources dedicated for student development may be used for student travel to 
meetings/interviews/presentations, or for poster printing for dissemination. 
 
References:  
(1) Starfield, M.; Shi, L.; and Macinko, J. (2005). Contribution of Primary Care to Health Systems and 
HealthThe Milbank Quarterly, Vol. 83, No. 3, 2005 (pp. 457–502). 
(2) American Academy of Family Physicians (2019). Match results for Family Medicine. Retrieved from 
https://www.aafp.org/medical-school-residency/program-directors/nrmp.html on June 17, 2019. 
(3) Phillips, J.; Wendling, A.; Bentley, A.; Marsee, R.; and Morley, C. (2018). Trends in US Medical School 
Contributions to the Family Physician Workforce: 2018 Update From the American Academy of Family 
Physicians. Fam Med. 2019;51(3):241-250. 
 
(4) Gardner-Buckshaw, S.; Appleman, M.; and Boltri, J. (2019). Training the next generation of diverse 
primary care providers to learn and serve in rural and medically underserved communities through a 
new, innovative integrated behavioral health and primary care curriculum for medical students and 
physician assistant students. Application to the Health Resources and Services Administration for 
Integrated Behavioral Health in Primary Care grant. Submitted January 29, 2019.  
 
(5) Phillips J, Charnley I. Third- and fourth-year medical students’ changing views of family medicine. 
Fam Med. 2016;48(1):54-60. 
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Submit your application to Dr. Amy Lee 
 
Title: Addressing obesity in Portage County through community health improvement plan objectives 
 
Principal investigators: Amy Lee, MD, MPH, Professor and MPH Program Director; Kim Trowbridge, 
MEd, MCHES, MPH Program Coordinator 
 
Location: NEOMED, Portage County Health District and locations around Portage County 
 
Abstract:  Portage County Health District has identified chronic disease and decreasing obesity as a 
priority in its most recent community health improvement plan. NEOMED representatives are 
coordinating two objectives that contribute toward this priority: providing a healthy eating/active living 
guide to Portage County physicians and creating an inventory of Portage County organizations that are 
willing to offer the use of physical activity equipment, space, and other resources. Public health students 
will be conducting initial investigation in the spring. The NEOMED student will follow-up on the agencies 
identified by the public health students and introduce the Healthy Eating Active Living Guide to Portage 
County physicians and identify Portage County organizations that are willing to agree for residents to 
use their facilities. 
 
Significance of the overall research: Since Portage County has already identified health priorities in the 
community and strategies to address these priorities, the student investigator will be working with 
public health students to carry on these strategies by continuing an assessment of physicians willing to 
use a Healthy Eating Active Living Guide and to identify organizations (e.g. schools, churches, business, 
etc.) that are willing to contribute facilities for Portage County residents to use.  
 
Goals and objectives: This will be an assessment to find Portage County physicians willing to use a 
healthy eating/active living guide in their office and to identify organizations willing to sign shared-use 
agreements to let residents use their physical activity resources. 
 

• SMART Objective 1: By August 31, 2020, identify at least 50% of Portage County physician 
practices on a list who are willing to use the Healthy Eating Active Living Guide 

• SMART Objective 2: By August 31, 2020, identify at least three Portage County organizations 
willing to sign an agreement to let Portage County residents to use their physical activity 
equipment and space. 

 
Student role: The student will continue on-going work with public health students toward achieving 
these two objectives from the Portage County community health improvement plan. The primary tasks 
will be to visit physician offices and organizations for in-person assessment activities and visit 
organizations with physical activity resources. With other student summer research fellows in the 
Department of Family and Community Medicine, the student will receive research training in a summer 
seminar series in research ethics. 
 
Research methods that will be used/learned: The student will be contributing to an on-going 
assessment through in-person interviews and observation. 
 
Proposed methods of data analysis: The student will use descriptive analysis techniques. In addition, 
the student will learn how to use infographic software to display their data. The student will also use 
mapping software to indicate locations of the offices and facilities in Portage County. 
 
How the anticipated findings from the summer research fellow contribute to the success of the overall 
research being investigated: The findings will be used toward helping Portage County to fulfill the 
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Priority #2: Chronic Disease, Strategy 6: Increase awareness of nutrition/physical activity resources and 
Strategy #10 Share use (joint use agreements) in their Community Health Improvement Plan 2020-2022. 
 
Appendix 

• Plan for training/mentoring the summer research fellow—individual, group, lab meetings, 
journal clubs, seminars, etc. The student will have regular meetings with the faculty advisors as 
part of the research “team.” Part of the goal, besides learning research skills, is being able to 
demonstrate project management techniques, such as creating agendas and meeting 
summaries and adhering to a project timeline. In the past, the Department of Family and 
Community Medicine has had a research seminar series; if this series occurs this year, the 
student would be expected to attend.  

• Description of resources available. The student will have a desk in the Department of Family 
and Community Medicine. The student will also be provided past work of public health 
students and the Portage County Community Health Improvement Plan 2020-2022. 

• Site where the research will be conducted. The research will partly be conducted at the 
NEOMED. The student will also meet with Portage County Health District staff and will have to 
meet with physician offices and organizations with physical activity facilities around Portage 
County for the assessment. 
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Submit your application to Dr. Yeong-Renn Chen 
 
Project title: Role of mitochondrial health in the cardiac resilience to heart failure  
 
Principal Investigator: Yeong-Renn Chen, Ph.D.  
 
Abstract of Project:  
The objective of this proposed research project is to study the role of mitochondrial health in myocardial 
adaptation to pathophysiological conditions of chronic ischemia and reperfusion in controlling the 
disease development of heart failure. The focus of this project will be on one disease model of heart 
failure caused by chronic myocardial infarction, one major downstream antioxidant enzyme, 
manganese-containing superoxide dismutase (MnSOD or SOD2) in the mitochondria of myocardium, 
and cardiac resilience to ischemia and reperfusion injury in the disease progression of heart failure. The 
mitochondrial SOD2 as the major antioxidant enzyme of redox signal pathway in heart and a major 
target of oxidative attack occurred during chronic myocardial infarction and consequent heart failure. 
Impairment and down-regulation of cardiac SOD2 is closely related to myocardial infarction-caused 
mitochondrial dysfunction and declining of cardiac resilience to development of heart failure. The 
disease model of chronic infarction associated heart failure will be created by the animal surgery of in 
vivo occlusion of mouse heart for 30-min and followed by in vivo chronic reperfusion for 4 weeks. 
Cardiac-specific SOD2 transgenic mice (SOD2-tg) will be employed to evaluate if gain of SOD2 function in 
the myocardium can promote myocardial adaptation to chronic ischemia and reperfusion and enhance 
myocardial mitochondrial function and preserve mitochondrial health after chronic myocardial 
infarction. Mitochondrial function in the mouse heart will be measured using oxygen polarography and 
kinetic assays of the enzymatic activities from electron transport chain. Echocardiography will be used to 
measure the cardiac function and determine cardiac resilience to chronic ischemia and reperfusion 
injury. The progress of this project will advance our knowledge toward understanding myocardial 
adaptation to pathophysiological conditions of ischemia and reperfusion and promote cardiac resilience 
to chronic post-ischemic reperfusion as well as developing therapeutic intervention for heart failure.  
 
The significance of overall research:  
Myocardial infarction is known colloquially as heart attack. More than 0.7 million Americans suffer a 
heart attack every year with a 50% mortality rate. Chronic infarction is the leading cause of heart failure. 
Mitochondria as the major source of energy generation are essential for proper cellular function in 
heart. There is considerable evidence supporting the key role of mitochondrial dysfunction and 
decreasing cardiac resilience in the disease pathogenesis of heart failure. At the myocardial level of the 
post-ischemic heart, there is a marked defect in energy metabolism associated with mitochondrial 
dysfunction. Downregulation and impairment of mitochondrial SOD2 activity has been further detected 
in the mitochondria of the disease model of acute myocardial infarction. Decreased SOD2 is closely 
associated to waning ability of myocardial adaptation to chronic post-ischemic reperfusion and eventual 
vanishing of cardiac resilience in the disease development of heart failure. This project tests the 
hypothesis that enhancement of antioxidant redox function in the heart via transgenic overexpression of 
SOD2 in the mitochondria in mouse heart mediates myocardial adaptation, promotes cardiac resilience, 
and alleviates the risk of heart failure in the physiological progress of chronic ischemia and reperfusion.  
 
Goals and objectives  
The objectives of this research are to assess the role of SOD2 and mitochondrial health in myocardial 
adaptation to ischemia and reperfusion injury and to explore new avenues into promoting cardiac 
resilience in order to more fully understand the mechanisms of cardioprotection and alleviate the risk of 
developing heart failure. As mitochondrial dysfunction associated SOD2 downregulation and redox 
alteration in the mitochondria is likely to have an impact on myocardial ability to resist pathological 
stress, it is desirable to obtain further information on how normalizing redox status via gaining SOD2 
function in mitochondria in vivo affects the myocardial adaptation and stimulates cardiac resilience , 
overall cardiac function, and eases heart remodeling and related pathogenesis of heart failure 
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development. To partially address this issue in 8 weeks and optimize the efficacy of the summer 
fellowship training in biomedical research, the proposed studies narrow the scope of investigation to 
focus specifically on measuring the phenotypes of cardiac and mitochondrial functions from the disease 
model of chronic ischemia and reperfusion using echocardiographic and oxygen polarographic 
approaches.  
 
The research methods to be used  
In vivo disease model of chronic myocardial infarction using mouse and cardiac function assessed by 
echocardiography - The procedure for in vivo myocardial ischemia and reperfusion to create the disease 
model of heart attack will be the same technique reported in our previous publications [Chen, Y-R 
(2007) J. Biol. Chem., 282, 32640-54, and Chen, C-L (2008) J. Biol. Chem. 283, 27991-28003]. The mice of 
SOD2-tg and wild type control (10-11 weeks old and FBV background) will be anesthetized and subjected 
to 30-min of in vivo coronary artery ligation followed by 4 weeks reperfusion. At 4 weeks post-ischemic 
reperfusion the mice will be placed under anesthesia and subjected to measurement of cardiac function 
with echocardiography [Kang, PT (2015) Journal of Molecular and Cellular Cardiology, 88, 14-28]. The 
mouse hearts will then be excised. The infarct area of heart will be identified by 2,3,5-
triphenyltetrazolium chloride (TTC) staining. The risk region of the myocardium will be excised for 
mitochondrial preparation and analyses with polarographic oxygen consumption.  
 
Mitochondria preparation, oxygen consumption measurements , and enzymatic activity assay of 
mitochondrial electron transport chain - Mitochondria will be prepared from the non-ischemic and 
infarct tissues by differential centrifugation described in the published method [Chen, Y-R (2007) J. Biol. 
Chem., 282, 32640-54; Chen, C-L (2008) J. Biol. Chem. 283, 27991-28003; Lee, H-L (2012) AJP-Heart and 
Circulatory Physiology 302, H1410-1422]. Mitochondrial respiration will be measured by the 
polarographic method using a Clark-type oxygen electrode (Oxytherm, Hansatech Instruments) at 30 °C. 
The NADH-linked respiration will be induced by malate/glutamate and the enzymatic activity of ETC 
complexes will be assayed according to published approaches [Kang, PT (2015) Journal of Molecular and 
Cellular Cardiology, 88, 14-28, and Kang PT (2015) Free Radical Biology and Medicine, 79: 56-68].  
 
The proposed method of data analysis  
(1) Data analysis of echocardiographic assessment of cardiac function will be done by measuring the 
parameters of ejection fraction, fractional shortening, left ventricle internal dimension under systole 
and diastole, left ventricle volume of systole and diastole, relative wall thickness, ratio of heart weight to 
body weight, mitral valve E/A ratio based on the m-mode echo image [Kang, PT (2015) Journal of 
Molecular and Cellular Cardiology, 88, 14-28].  
  
(2) Data analysis of mitochondria-mediated oxygen consumption rate and the enzymatic activities of 
mitochondrial ETC complexes will be accessed by the first derivative of kinetic curve of oxygen 
consumption rate, NADH oxidation rate (complex I), ubiquinone 2-mediated DCPIP reduction (complex 
II), ubiquinol 2-mediatied ferricytochrome c reduction (complex III), and oxygen-mediated 
ferrocytochrome c oxidation (complex IV) [Kang, PT (2015) Journal of Molecular and Cellular Cardiology, 
88, 14-28, and Kang PT (2015) Free Radical Biology and Medicine, 79: 56-68].  
 
(3) All data will be reported as group averages ± SEM. Statistical analyses and comparison between two 
groups (sham control hearts vs post-ischemic hearts, and health tissue/mitochondria vs post-ischemic 
tissue/mitochondria) will be assessed by student’s t test.  
 
Significance of anticipated findings  
Combining the biochemical and echocardiographic approaches with unique genetically modified mice in 
vivo animal disease models will allow us to gain a new understanding of the phenotype of mitochondrial 
health in regulating cardiac resilience in the disease process of heart failure. The project will serve as a 
pilot study which may establish a useful platform available in key redox pathway responsible for cardiac 
resilience in the mitochondria of the cardiac system. Results from these studies will increase the depth 
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of understanding of cardiac adaptation to the stress imposed by ischemia and reperfusion and could 
potentially translate to clinical intervention for cardioprotection and easing the risk of heart failure.  
 
Summer Research Fellowship Training/Mentorship Plan 
 
1. Requirements and procedure for the student fellow is as follows:  
 

a.  First, the student will meet and familiarize themselves with Dr. Chen, and the members of his lab, 
who will explain project rationale, teach the skills necessary to follow protocol: learning in vivo 
myocardial ischemia and reperfusion system, how to properly conduct echocardiography, 
mitochondrial preparation, the assay procedures, data analysis and interpretations.  

 
b.  Echocardiography will be conducted in the facility available in the Department of Integrative 

Medical Sciences/NEOMED under the supervision of Dr. Vahagn Ohanyan.  
 
c.  There will be 1:1 meetings between the student fellow and the mentor (Dr. Chen) as well as  
 2:1 meeting with both Dr. Chen and Dr. Ohanyan (Assistant professor of Integrative Medical 

Sciences).  
 
d. Disease model training will be completed within the first 3 weeks. Training in polarographic 

analysis, mitochondrial biology, and mitochondrial enzymology will be completed following first 3 
weeks. Training in the final two weeks will be focused on data analysis of echocardiography and 
biochemical analysis.  

 
e. The student trainee will attend bi-weekly lab meetings of the Cardiovascular Interest group (a 

combined lab meeting of the faculty with interest in cardiovascular research including Dr. Chen, 
Dr. Chilian, Dr. Dong, Dr. Kang, Dr. Ohanyan, Dr. Raman, Dr. Thodeti, Dr. Yin, and Dr. Yun), and 
will present findings during meeting.  

 
f.  The student will participate in a summer journal club that involves all the summer research 

students and faculty members. Each summer student will be expected to participate in 
discussion.  

 
g.  The student will be expected to present a poster at the research day when all summer fellows 

present a synopsis of their summer work.  
 

2.  The mouse model and strain of SOD2-tg is available in my lab. All the necessary resources and 
equipment are available. Furthermore, a research technician is available to assist in training the 
student fellow.  

 
3. All research will be completed at the RGE and facility of Echocardiography (C building) on NEOMED’s 

campus. 
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Submit your application to Dr. Feng Dong 
 
Project title: Mechanism in the development of diabetic cardiomyopathy 

Principal Investigator: Feng Dong, Associate Professor, RGE 200  

 

Abstract of project:  

Diabetic cardiomyopathy (DCM) is a major cardiovascular complication in patients with diabetes and is 
defined as ventricular dysfunction (in diabetes) independent of coronary artery disease. DCM is also a 
conundrum for clinical cardiologists as there is no consensus as to how to treat this condition.  This gap in 
knowledge mandates the need for a better understanding of factors underlying the cause of diabetic 
cardiomyopathy to produce more effective treatments because it is estimated that 1.1% of the population 
will progress to this type of failure.  In diabetic patients with cardiomyopathy, the cumulative probability 
of death was 18%, development of heart failure was 22%, and the development of death or heart failure 
was 31% at 9 years. Previously we found blunted stromal cell derived factor-1 (SDF-1):CXCR4 axis in 
diabetes, and our preliminary results show an increase in chronic cardiac myocyte CXCR4 expression in 
diabetic murine hearts. Moreover, CXCR4 activation in diabetes produces a profound negative inotropic 
effect (which may seem counterintuitive, but we think is a key adaptation in the diabetic heart).   
Furthermore, our preliminary results also demonstrate a significantly increased mortality rate of diabetic 
(high fat, high sugar [HFHS]) mice null for CXCR4 in cardiac myocytes compared to HFHS diabetic wild type 
mice. These findings have led us to propose a novel mechanism involved in the development of DCM: 
diabetes induces persistent up-regulation of cardiac myocyte CXCR4 and down-regulation of SDF-1.  This 
up-regulation of CXCR4 occurs in an attempt to preserve or hibernate the cardiac myocyte through the 
down-regulation of energy expending cardiac contractility.  However, too much of this down-regulation 
of cardiac contractility results in global myocardial dysfunction or DCM.  This proposal leverages novel 
models of gain and loss of SDF-1 and CXCR4 function to investigate the role of SDF-1: CXCR4 pathway in 
DCM and define the mechanisms involved. 
 
The significance of the overall research:  

Upon completion of these studies, we will have determined the importance of SDF-1: CXCR4 axis in DCM. 
Novel physiology and treatment strategies for DCM will be developed based on the detailed 
understanding of the DCM mechanism. 

 

The goals and objectives for the summer research project what aspect of the overall research will be 
the focus of the student’s summer research experience? What is the specific research question being 
addressed by the summer research project? 

The goal of our proposed studies is to define the molecular mechanisms and physiology associated with 
the development of DCM. We further propose that our novel hypothesis may yield therapies that can 
prevent and treat DCM. The focus of the student’s summer research experience will be the scientific 
research procedures and principles on the cardiovascular complication of diabetes.  

 

The specific research question being addressed by the summer research project are:  

A. Determine the role of cardiac CXCR4 in DCM using our cardiac CXCR4 null mouse model.  

B. We will answer an important question: will cardiac CXCR4 deletion rescue or exacerbate cardiac 
dysfunction in mice with diabetes?  

 

The research methods that will be used/learned by the student: 

The experiments will expose students to a variety of cellular, molecular, and biochemical techniques such 
as the culture of cells, western blot, q-PCR. The students will also be exposed to microscopic techniques 
and animal surgeries such as confocal microscopy, bone marrow transplantation, and echocardiography.  
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The proposed methods of data analysis:   

Comparisons between 2 groups will be made with a 2-tailed Student t test. Comparisons among multiple 
groups will be made with 2-way ANOVA followed by the Tukey post hoc analysis.  

 

A statement of how the anticipated findings from the summer research fellow contribute to the success 
of the overall research being investigated?  

The summer research project is a part of an on-going project in the lab. Our preliminary results show 
significant changes of SDF-1: CXCR4 axis in diet induced diabetic mice. Anticipated findings from the 
summer research will answer an important question: will cardiac CXCR4 deletion rescue or exacerbate 
cardiac dysfunction in mice with diabetes? These data are important to study the role of SDF-1: CXCR4 
pathway in DCM and define the mechanisms involved. 
 
Student Fellow Training/Mentoring Plan  
 
Plan for training/mentoring the summer research fellow – individual, group, lab meetings, journal clubs, 
seminars, etc.  

After proper training, the variety of the experiments (cell biology, molecular biology and microscopy) 
ensures that each student will have unique and specific tasks relating to the overall completion of the 
project. The students will be taught troubleshooting methods and encouraged to design alternative 
strategies and hypotheses based on their findings. Students will present their results and updates on their 
project in formal lab meetings and informally to the PI. The meetings will focus on discussing the relevant 
literature, improving critical thinking, and oral presentation skills. The students will present their research 
at NEOMED (Cardiovascular group, IMS Department). 

 

Description of resources available.  

PI has lab space for students within the open laboratory of the department (4000 sq. ft.). In addition, PI 
has access to all core facilities, which includes an animal surgery room equipped with ventilators, surgical 
instruments, echocardiography systems as well as a station for processing and embedding tissue in 
paraffin; fully functional tissue culture facilities, dark rooms, FACS, RT-PCR, gel imaging and software for 
analyses. The laboratory is located in a modern complex that houses the Department of Integrative 
Medical Sciences and Pharmaceutical Science. 
 

Site where the research will be conducted.  
Most work will be done in RGE 200 and some work will be done in the room RGE 217. 
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Submit your application to Dr. Jessica Ferrell 
 
Title: Bile acid receptor activation in Alzheimer’s disease. 

PI: Dr. Jessica Ferrell, PhD; jfrancl@neomed.edu; x6468; Research Assistant Professor  
Location: NEOMED, Department of Integrative Medical Sciences, Laboratory F-205A 

 
Abstract: Bile acids are amphipathic molecules that are synthesized in the liver, released from the 

gallbladder, and aid in the digestion of dietary fats and nutrients. Bile acids also bind to cellular receptors 

with signaling functions that modulate gut metabolism. These receptors (farnesoid X receptor [FXR] and 

Takeda G protein-coupled receptor 1 [TGR5]) have anti-diabetic and anti-inflammatory roles in the liver 

and intestine, and are potential therapeutic targets for obesity and non-alcoholic fatty liver disease 

(NAFLD). More recently, altered bile acid composition and bile acid signaling have been linked to cognitive 

impairment in Alzheimer’s disease, and bile acid administration may be protective against 

neurodegeneration. Here, we are testing agonism of the bile acid receptors FXR (using compound INT-

747) and TGR5 (using compound INT-777) in a mouse model of Alzheimer’s disease (3xtg-AD mice) to 

study the role of bile acid signaling in the development and treatment of Alzheimer’s disease. 

 
Significance: Recent evidence suggests bile acids have an important but uncharacterized role as 

neuroprotective agents. Bile acids can cross the blood-brain barrier, their receptors are present in the 

brain, and agonists for these receptors have already been approved for the treatment of cholestatic liver 

disease. However, the role of bile acids in normal and pathological neurophysiology is understudied. The 

bile acid tauro-ursodeoxycholic acid (T-UDCA) reduces inflammation and improves cognitive function in 

research settings, and recently T-UDCA was identified as a TGR5 ligand. However, the neuronal 

localization and function of FXR and TGR5 are unknown, and it is unclear whether the neuroprotective 

effects of T-UDCA are mediated through FXR, TGR5, or another receptor. Therefore, administration of 

potent and specific bile acid receptor agonists will be used to elucidate some of these effects.  

 
Goals and Objectives: The proposed research will delineate the role(s) of bile acid receptor activation in 

the protection against neurodegeneration. The goals for the summer research student are to learn 

scientific technique and experimental design, data analysis and interpretation, and to demonstrate 

professional presentation of scientific results. 

 
Research Methods: Wild type control or 3xtg-AD mice will be orally administered either vehicle, INT-747, 

or INT-777 daily for 2 weeks. The collected tissues will be utilized for: q-PCR to determine changes in gene 

expression, Western blotting to determine changes in protein expression, lipid and bile acid analyses, and 

tissue histology.  

 
Data Analysis: Appropriate statistical tests (Student’s t-test, one-way ANOVA, etc.) using GraphPad Prism 

Software will be performed to determine statistical significance (p<0.05). 

 
Contribution of Findings: It is expected that the findings obtained from this project will lead to better 

understanding of the role of bile acid signaling under normal and pathophysiological conditions and will 

be an instrumental base in further studying the roles of FXR and TGR5 in neurodegeneration. The results 

from peripheral activation of FXR and TGR5 (by oral gavage) will complement further studies involving 

central activation of these receptors (ICV injection).  

 
Student Fellow Training/Mentoring Plan: The training plan for the student encompasses individual and 

group mentorship from Dr. Ferrell (mentor), as well as a senior lab manager and a lab technician who will 

be available to help instruct the student learn the techniques necessary to complete this research. The 

student will become familiar with the research topic by reading primary and review journal articles. Basic 

mailto:jfrancl@neomed.edu
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lab techniques will be introduced through one-on-one instruction and will progress to independent work 

when appropriate. In addition to lab work, the student will be expected to keep records of the 

experiments and will learn to interpret the data collected. These results will be discussed with the mentor 

as necessary and during weekly lab meetings. Additionally, lab members participate in biweekly Diabetes, 

Obesity, and Metabolism Research Focus meetings, which include data and journal article presentations 

by graduate students, postdocs and staff. The student will attend these meetings and will have the 

opportunity to present research results at the end of training program. Lastly, the student will prepare 

and present a poster of their work at the Summer Research Fellow Poster Day. All of the resources 

required to complete this work are available, and the necessary animal protocols are approved by the 

IACUC committee of NEOMED. The student will receive laboratory safety and animal training and will then 

be added as a user of the appropriate protocols. The research will be conducted on the NEOMED campus 

in F-205A. 
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Submit your application to Drs. Patrick Kang and William Chilian 
 
Project title: Mitochondrial Disease-in-a-Dish  
Principal Investigator: Dr. William M. Chilian and Dr. Patrick T. Kang 
Location: NEOMED main campus, RGE building, 3rd floor.  
 
Project Summary:  Mutations in more than 250 genes are known to cause mitochondrial disease. 
However, the genotype-phenotype association (connection between the mutation and the manifestation 
of the disease) is complicated; some genetic variants may be counteracted or be aggravated by other 
genes or environmental factors and result in diverse clinical progressions and outcomes. This genetic 
diversity complicates the employment of a single preclinical model which is incapable of representing all 
mitochondrial diseases. Moreover, with this genetic diversity it is likely that the treatment is not a “one 
size fits all” therapy. An effective treatment for one patient may not be effective in other patients—even 
those with similar symptoms.  Often this complexity, and ineffective treatment does not slow the 
progression of the disease leading rapid deterioration and the inability of the physician to try another 
treatment. 
 
This research project focuses on the creation and the validation of Disease-in-a-Dish model that is tailored 
to simulate the complexity of individual patients with mitochondrial disease. Blood samples from patients 
are retrieved from our collaborator, Dr. Bruce Cohen, in the Akron Children’s Hospital.  After harvesting 
the white blood cells (with nuclei), these nucleated blood cells are reprogramed into induced Pluripotent 
Stem (iPS) cells for rapid proliferation.  Using specific factors and conditions, the iPS cells are differentiated 
into Cardiomyocytes (CMs), a cell type of high energetic metabolism, which renders it ideal to study the 
characteristics of the mitochondrial dysfunction, e.g., excessive reactive oxygen species production, 
inadequate ATP production, and also devise a pharmacological and nutritional therapy to optimize 
mitochondrial function in each patient. A cocktail of metabolic substrates and drugs can be empirically 
determined to better mitochondrial function of the particular iPS-CMs. We believe this iPS cell-based 
platform represents a confluence of evidence-based and precision medicine and will provide in new 
direction in treating patients with mitochondrial diseases. 
 
The goal is to answer the clinically relevant question: Are iPS-CMs a suitable model to study 
mitochondrial disease, serving a surrogate for patients with the affliction? The overreaching goal is to 
tailor the best cocktail for each patient. 
 
Research Methods 
The blood samples from de-identified patients and healthy donors have been retrieved and preserved 
with IRB approval. The summer project involves four different modules with each requiring a different 
approach. (1) Cellular reprogramming and differentiation, (2) Immuno-phenotyping of cell types. (3) 
Study of mitochondrial function, and (4) Study of nutritional / pharmacological interventions and 
followed by statistical analysis. It should be noted that it will take more than two months to complete all 
four modules for one particular patient. Therefore, we employ a “distributed multithread” approach to 
break down the task. Multiple cell lines in the pipeline are concurrently running through different 
modules. Summer students will learn to master cell culture technique and can choose to engage one or 
more modules according to personal preference. 
 

(1) Cellular reprogramming and differentiation: Peripheral Blood Mononuclear Cells (PBMCs) will be 
cultured and reprogrammed into induced Pluripotent Stem (iPS) cells and differentiated into 
beating Cardiomyocytes (CMs) by cell culture technique on Class II biological safety cabinet and 
in hypoxia chamber.  

(2) Immuno-phenotyping of cell types: Cultured cell sample prepared on a glass slide will be 
immuno-labeled with iPS markers (Oct4 or SOX2) or CMs markers (cardiac Troponin T or 
Sarcomeric Alpha Actinin) and detected by fluorescence microscope.  
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(3) Mitochondrial function: Disease and healthy control of iPS and CMs will be compared by 
Seahorse Bioenergetics Flux analyzer. These measurements allow us to obtain basal oxygen 
consumption, maximum oxygen consumption, and oxygen consumption due to ATP production. 

(4) The substrate utilization screening of surviving cells will be monitored by light absorbance on 
Synergy 4 microplate reader. The same microplate reader will also be used to capture 
fluorescence signals of the reactive oxygen species (ROS) production after different drug 
interventions.  
 

Students can work in a team to learn basic lab technique, utilize research instruments, and design 
experiment to find out the best nutritional-pharmacological solution for CMs derived from each patient. 
The findings may make a difference and directly benefit the donor patient.  
 
Student Fellow Training/Mentoring Plan 
Student fellows will be working with experienced lab technicians and Dr. Kang for individually-paced 
guidance. The student is required to attend weekly Heart and Blood Vessels Diseases group meeting as 
well as meet with Dr. Kang and Chilian, attend and present at a weekly journal club, and attend IMS 
department seminars. The student is also encouraged to present research findings during the 
cardiovascular group meetings. Dr. Kang will work with the student in the preparation of oral 
presentation and the poster session. In addition to this summer research fellowship program's poster 
day in NEOMED, a student fellow can also submit the abstract to the annual symposium of United 
Mitochondrial Disease Foundation (UMDF) Mitochondrial Medicine and have the opportunity to present 
the research discoveries during this event.  
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Submit your application to Dr. William Lynch 
 
TITLE: A role for human endogenous retroviruses (HERVs) in neurodegeneration  
PRINCIPAL INVESTIGATOR: William P. Lynch, Ph.D; Associate Professor, IMS 
LOCATION: Department of Integrative Medical Sciences, F345, F311, F324, NEOMED 
 
ABSTRACT:  Exogenous retroviruses found in humans and animals have been demonstrated to cause 
cancer, immunodeficiency and neurodegeneration.  Moreover, human endogenous retroviruses (HERVs) 
have been implicated as causative in the etiology of several neurodegenerative diseases, including 
amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), and Schizophrenia. Studies with murine 
leukemia viruses (MLVs) have shown that retroviral neurovirulence determinants primarily resides within 
the Env gene.   Envs encode viral envelope glycoproteins (ENV) that bind to cell surface receptors and 
mediate viral fusion with the host cell membrane. While virus binding and fusion are necessary for virus 
entry into host cells, these events are not sufficient to induce neurodegeneration. Instead ENV expression 
within infected neuroglia is necessary to alter neuronal physiology that precipitates a rapid ALS-like 
paralytic disease, characterized by spongiform neurodegeneration. In this project we propose to test the 
neurovirulence properties of HERV ENVs, by placing HERV-K Env sequences into retroviral expression 
vectors, and in a MLV background using molecular genetic techniques.  The vectors and proviral construct 
will be tested for expression and toxicity in fibroblasts and conditionally immortalized neural stem cells 
(NSCs) and primary NSCs in vitro and compared to MLV Env vectors and viruses.  Next HERV ENV 
transduced cells and NSCS will be examined for their capacity to affect glial differentiation in culture, 
followed by transplantation into developing mouse brains to assess their capacity for differentiation into 
mature neuroglia: astrocytes, NG2 cells (aka, OPCs) and myelinating oligodendroglia (OLs). NSC engrafted 
mice will also be examined for HERV-K ENV-induced neuropathological abnormalities.  These studies are 
designed to extend our findings on neurovirulent murine RVs to HERVs and provide a translational model 
system for exploring disease mechanism and therapy more directly relevant to humans. 
 
BACKGROUND:  When considering how RVs cause neurodegeneration it is important to note that the 
viruses under study only infect cells undergoing cell division. This restriction exists because integration of 
proviral DNA requires nuclear membrane breakdown during mitosis to allow the large gammaretrovirus 
proviral integration complex access to the genomic DNA. The major cell populations in the CNS that 
undergo cell division postnatally (the time of first virus exposure), are stem cells that give rise to the 
various glial cell types. Infection of neurons in areas undergoing neurodegeneration (primarily motor 
areas) is not observed, consistent with their lack of postnatal cell division. Instead, neurodegeneration is 
associated with glial infection (1, 2). The glial infection is coincident with neurodegeneration, which 
includes post-synaptic vacuolation in neurons and later cytoplasmic changes in NG2 glia. More specifically, 
a subset of neurons known as rebound neurons (a type of interneuron) become hyperexcitable, lose 
rebound firing, undergo vacuolation and ultimately die (3). In addition, motor neurons, show frequent, 
prolonged inhibitory post synaptic potentials, elevated firing thresholds, decreased firing frequency, and 
an elevated sensitivity to depolarization block.  The progression of these neuronal changes lead to tremor, 
paralysis, wasting and ultimately the death of the animals. Non-neurovirulent viruses also induce neuronal 
changes, but they are milder in nature and do not progress.  
 
To understand how glial infection and ENV expression affect neuronal function we have exploited the 
capacity of ex vivo cultured and engineered NSCs to generate chimeric brains when re-introduced into the 
developing brain. Our chimeric brain studies so far indicate that RV ENVs can significantly impact glial 
differentiation, and that subtle changes in ENV structure, (ie, those associated with neurovirulence) 
differentially affect this process. More precisely, we observed that NSCs expressing neurovirulent and 
non-neurovirulent ENVs both failed to differentiate into oligodendrocytes (OLs). However, NSCs 
expressing neurovirulent ENV were strongly biased toward astrocyte differentiation, whereas, NSCs with 
the non-virulent virus were suspended in a quasi-differentiated NSC/oligodendrocyte progenitor cell 
(OPC) state (4). Whether an excess of astrocytes alters neuronal function, or the neurovirulent viral ENV 
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alters astrocyte function, remains to be determined, but it is well established that astrocytes are 
intimately involved in regulating neuronal excitability.  
 
In this project we propose to examine whether the expression of HERV ENVs in murine NSCs alters their 
differentiation profile using culture and mouse chimera model systems. The goal is to determine whether 
the paralytic phenotype observed in murine RV-infected mice, is predictive for mechanistic changes that 
are causative in humans with HAM-TSP. The expectation is that these experiments will provide proof of 
principle for a NSC-based chimera model system for more easily probing the molecular and cellular causes 
of human motor neurodegenerative diseases.  The specific aims include: 

 
AIM 1:  Generation of a HERV-K ENV retroviral vector capable of transducing primary and conditionally 
immortalized NSCs (ciNSCs) and expressing detectable protein levels in culture.   
 
Aim 2: Determine whether HERV-K ENV expression in NSCs affects their viability and capacity for 
differentiation in culture and in the developing mouse brain.   
   
Addressing these aims will lay the groundwork for future studies examining the detailed mechanisms by 
which HERV-K ENV alters glial development and the physiology of motor neurons relevant to ALS. Given 
the evidence that glia play critical roles in maintaining neuronal health and modulate neuronal excitability, 
signal fidelity and plasticity, this study will provide the foundation for future studies geared at identifying 
specific glial mechanisms being altered by the presence of foreign/abnormal proteins. 
 
EXPERIMENTAL DESIGN AND METHODS:   

AIM 1: The initial goal of this project is to generate a retroviral vector encoding the HERV-K ENV 
protein that can be incorporated into murine retroviral particles capable of transducing murine NSCs.  For 
these experiments we will employ HERV-K ENV clones from the laboratories of Dr. Avindra Nath (NINDS).  
Using the Gibson™ assembly system (NEB), the HERV-K ENV gene will be engineered into the pSFF 
retroviral expression vector as previously shown for murine RV ENVs (5). The pSFF-HERV-K-ENV constructs 
will be confirmed by sequencing (SUNY-Buffalo).  Appropriate constructs will be transfected into NIH 3T3 
fibroblasts, C17.2 NSCs, and retroviral packaging/producer cell lines.  Transfected 3T3 and C17.2 cells will 
be tested for ENV protein expression and cytopathology (syncytia/cell death).  Transfected 
packaging/producer cell lines will have supernatants collected for testing the extent of vector 
incorporation into particles by virus titration assay (VTA).  High titer pSFF-HERV-K-ENV virus will be used 
for infection of primary NSCs derived from wild-type mice, transgenic (tg) mice constitutively expressing 
mTomato protein (mT) for in vivo tracking, or tg mice engineered with PLP-EGFP, where GFP expression 
only arises upon oligodendrocyte differentiation.  Cells will be cultured under conditions that maintain 
the undifferentiated phenotype and assessed for viability and ENV expression. 

 
AIM2: Initially, primary NSCs from PLP-EGFP mice with and without virus exposure will be 

examined daily for overt changes in GFP expression as a measure of ENV effects on OL differentiation.  
Cells will be initially cultured under conditions designed to maintain the undifferentiated phenotype and 
later switched into differentiation medium containing PDGF and T3 for OLs, or serum/BMPs for astrocytes.  
After 7 days in differentiation medium cells will be fixed and examined for multiple glial differentiation 
markers by immunostaining with antibodies specific for astrocytes, OPCs, and OLs.  The efficiency of 
differentiation will be examined with and without ENV transduction. In parallel, mT NSCs will be isolated 
and infected with HERV-K-ENV virus and characterized. mT-NSCs ± HERV-K-ENV will be transplanted into 
the brainstems of non-tg susceptible neonatal mice (P0-1) to follow the fate of the transplanted mT+ cells. 
Mice will be sacrificed at 7 and 14 dpi to assess engraftment efficiency and morphologic integration of the 
cells. In addition, mT+ cells will be examined for differentiation using glial cell-type specific markers.  In 
parallel, non-tg mice will be transplanted with PLP-EGFP NSCs to assess the efficiency of HTLV1-ENV 
transduced NSC differentiation to myelinating OLs.  In addition, mice sacrificed at the 14dpi time point 
will be assessed for spongiform neuropathology and microglia and astrocytic activation. Brains will also 
be assessed for virus expression and development of spongiform neuropathology.   
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The fate of the transplanted NSCs in Aim 1 will be examined for cellular differentiation using 
markers specific for OPCs and astrocytes.  In addition, brain sections will be stained with Neurotrace™ 
(Molecular Probes) for fluorescence visualization of vacuolar pathology in order to determine the spatial 
relationship between the transplanted NSCs, their differentiation and neurodegeneration. 

Candidate training: In this fellowship the candidate will become exposed to several modern 
techniques used to examine progressive neurodegenerative diseases.  First, the candidate will learn to 
work with murine retroviruses and readout cells in tissue culture including viral titration assays.  Second, 
the candidate will next learn to culture conditionally immortalized NSCs and isolate primary NSCs from 
wild-type and transgenic mice.  Third, the candidate will clone the HERV-K ENV gene into a murine 
retroviral expression vector and test its ability to be incorporated into viral particles. The candidate will 
further characterize the expression of HERV-K ENV in target cells by immunohistochemistry and virus 
focus assays.  Finally, NSCs will be infected with neurovirulent and non-neurovirulent amphotropic and 
ecotropic viruses for comparative purposes.  When mT NSCs are used the HERV-K-ENV viruses will include 
retroviral vectors pseudotyping Cre recombinase to visualize infected cells.  These cells will be examined 
in culture for virus expression using immunohistochemistry with antibodies that recognize the viruses 
(provided by Dr Nath).  These NSCs cultures will then be transplanted into neonatal IRW mice, which will 
be sacrificed at 14 and 21 days post transplantation and brains collected and examined for cellular 
engraftment and evidence of spongiform change associated with the grafted cells. 

The experiments outlined will be performed by the student researchers in close cooperation with 
Dr. Lynch and his support staff. The data set collection and preliminary analysis will be completed within 
the eight-weeks allotted. To expedite the results, preparation of primary NSCs, their transplantation, or 
labeling may have already been carried out. Nonetheless, significant responsibility for biochemical, 
virological, and immunochemical assessment of these samples along with data analysis will require a 
concerted effort on the part of the applicant.  
 
DATA ANALYSIS:  All experiments will be carried out in a way to ensure statistical validity.  One way 
ANOVA will be used to determine differences between groups with a minimum of three experiments for 
culture experiments and 5 animals per group for in vivo transplantation experiments. The transplanted 
cells and their fate determination will be visualized using direct and indirect fluorescence microscopy 
(confocal/multiphoton) or by immunohistochemistry (IHC) and brightfield microscopy. Astrocytes, OLs 
and OPCs will be identified by immunostaining for cell-type specific antigens (e.g., GFAP, CNPase, PDGFR-
alpha, respectively) coincident with mT or GFP tg marker on the NSCs.  Virus expression will be determined 
by viral antigen immunostaining.  Alternatively, if ENV expression is suppressed in differentiating NSCs, 
transduced cells will be followed by incorporating the Cre recombinase readout gene into the pSFF-HERV-
K-ENV vector.  The mT transgene can be excised by Cre and converts the cells into constitutive GFP 
expressors. Spongiform neurodegeneration will be assessed by Neurotrace™ fluorescence analysis in 
parallel with the engraftment analyses.  Alternatively, spongiosis will be determined by H&E staining of 
paraffin brains sections.   
 
SIGNIFICANCE OF THE PROJECT:  Because it is currently not known how abnormal proteins induce 
neurodegenerative changes in human CNS diseases, this project will provide insignt into whether the 
induction of an endogenous retroviral ENV protein can alter neural stem cell differentiation and induce 
spongiosis.  The generation of a mouse retrovirus based model system will provide subsequent 
opportunities to evaluate whether glial ENV expression also alters neuronal excitability manifest as 
spongiosis, tremor and paralysis. By focusing on the glia it is expected that these studies will provide a 
unique model system for the development of therapeutics modulating glial function as a means for 
treating infectious, genetic and sporadic neurodegenerative disease. 
  
APPENDIX-REFERENCES 
1. Li Y, Cardona SM, Traister RS, Lynch WP. 2011. Retrovirus-induced spongiform 

neurodegeneration is mediated by unique central nervous system viral targeting and expression 
of env alone. J Virol 85:2060-2078. 
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STUDENT TRAINING/MENTORING PLAN:  Dr. Lynch will initially meet with the student for at least one 
hour prior to project initiation to discuss the background to the project, the overall focus of the 
laboratory, and the major questions being addressed in the lab.  The student will discuss with the PI how 
the proposal questions fit into the big picture and how the experimental design will allow the questions 
to be addressed.  The student will then be given a short list of papers to review with a follow-up meeting 
to discuss the background literature, how it relates to the student project, and then establish a 
fellowship action plan. Dr. Lynch will review with the student the expected outcomes, potential 
limitations, and alternative approaches.  As part of this experience, the candidate will be challenged to 
think creatively and expansively regarding the experimental problem, potential solutions and how to 
deal with the unpredictability of the research enterprise. The candidate will also participate in weekly 
laboratory meetings where progress on closely related projects will be discussed with other lab 
members and other laboratories with an interest in neurodegeneration or related areas of 
physiology/biochemistry.  The PI maintains an open-door policy for the students to discuss their ongoing 
experiments and outcomes on a daily basis.  Scheduled formal meetings will be held weekly and be used 
to assess the student’s ongoing progress and provide an opportunity for reorientation.  The candidate 
will receive IACUC training for summer fellows and will discuss with the PI basic aspects of research 
ethics.  The candidate will also be encouraged to join the PI and his laboratory members as they 
participate in the Brain Health Research Institute at Kent State University, Cleveland Clinic Neuroscience 
Fellows Seminar Program and the Cleveland Neurodegenerative Disease Group, which meet throughout 
the summer.  The candidate will also be encouraged to participate in any relevant Cleveland Virology 
Group meetings or local seminars at NEOMED and KSU.  The candidate will receive training in the 
relevant laboratory research techniques from the PI and/or current lab members who have expertise in 
molecular biology, histology, primary CNS tissue culture, small animal surgery, sterile technique, viral 
handling and titration, immunohistochemistry, multiphoton-, confocal-, epi-fluorescence-, and 
brightfield-microscopy, statistical analysis and other techniques required for the successful completion 
of the studies.  In addition, the student will receive specific instructions on how to prepare a successful 
research poster and write a summary of their findings as a prelude to manuscript writing.  It is hoped 
that in addition to the fellowship poster session that the student will present their findings at a regional 
or national meeting in neurosciences and/or neurovirology/neurodegeneration research. 
 
RESOURCES:  The Lynch Laboratory consists of approximately 600 sq. ft. of primary research space, plus 
another 300 sq. ft. of BSL2 tissue culture space.  The laboratory contains cell and molecular biology 
instrumentation, dissecting microscopes, surgical suites, tissue culture hoods, incubators, cryostat 
microtome, vibratome, and an epifluorescence microscope capable of 4 color imaging.  In addition, the PI 
has access to the IMS Confocal Core (Olympus FV1000, and MPE), NEOMED core histology facilities, and 
additional sectioning equipment housed in the Department of Anatomy and Neurobiology. 

https://www.ncbi.nlm.nih.gov/pubmed/31736699
https://www.ncbi.nlm.nih.gov/pubmed/31736699
https://www.ncbi.nlm.nih.gov/pubmed/31736699
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LOCATION:  The work will be primarily conducted in rooms F311, F324, and equipment rooms on the 3rd 
floor of F-building and in the IMS confocal/multi-photon microscope laboratory. 
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Submit your application to Dr. Vahagn Ohanyan 
 
Title: Chemotherapy induced cardiac dysfunction. Prevention and treatment by coronary specific 
vasodilators.  
 
Co-Principal Investigator: Vahagn Ohanyan, Assistant Professor, Integrative Medical Sciences  
 
Location: NEOMED  
 
Abstract. The goal of this proposal is to test the hypothesis that impaired regulation of myocardial blood 
flow underlies the development of chemotherapy related cardiac disfunction (CRCD). CRCD is due to a 
combination of “on target” and “off target” effects. Effective therapies for treating or preventing CRCD 
is are absent. One of the important factors for prevention/treatment CRCD is ‘keeping” antitumor effect 
of the chemotherapy. We are cognizant of myriad observations showing that CRCD by direct effect of 
the chemotherapeutic agents, by generation of high level of reactive oxygen species (ROS), by disruption 
of vascular endothelial function. What we are proposing is a new “cause” to this list—impaired flow 
regulation at the microvascular level. The sequence we propose is that impaired coupling between 
coronary blood flow and cardiac work results in minute areas of hypoxia in cardiac myocytes, which 
undergo apoptosis. These microscopic areas of cell death accumulate over time to an extent that cardiac 
function is compromised. Current treatments for CRCD is only Dexrazoxane (acts by chelating redox‐
active iron) designed to reduce reactive oxygen species, but not directly produce coronary vasodilation. 
In some clinical trials scientist used betta blockers, angiotensin converting enzyme inhibitors, 
antilipidemic drugs, high doses of antioxidants such as ascorbic acid, etc. None of these therapies stop 
or reverse the progression of the disease— they just slowed the progression of CRCD. We speculate that 
the reason these treatments do not stop or reverse the progression of the disease is that they are not 
targeting the causal problem of insufficient blood flow to the heart. Previously we have shown, that 
Chromonar has beneficial effect for treatment of dilated cardiomyopathy caused by coronary 
microvascular insufficiency, i.e., inadequate blood flow to the heart. We also observed that Chromonar 
has a beneficial effect for treatment heart failure with non-obstructive coronary artery disease. We 
speculate that a cause of DiC is insufficient blood flow to the cardiac myocytes, which causes minute 
areas of damage that accumulate over time, eventually leading to the development of heart failure. Our 
goal is to determine, if improvement of myocardial blood flow will prevent and treat Doxorubicin- 
induced cardiomyopathy.  
 
Background and Rationale. There is consensus mechanism explaining the pathophysiology of the 
doxorubicin-induced cardiomyopathy. Based on our interrogation of other models of heart failure, in 
which insufficient myocardial perfusion seems to be a causal mechanism, we propose a similar cause for 
development of DiC. We postulate that Doxorubicin treatment produces coronary microvascular 
dysfunction and decreased myocardial blood flow. Similar to other types of heart failure, if myocardial 
blood flow is insufficient, even only a slight degree of insufficiency, that over the time dilated 
cardiomyopathy will develop. We hypothesize, that improvement of myocardial blood flow by the 
coronary-specific dilator, Chromonar, prevents and reverses (depending on the time of treatment) 
doxorubicin-induced cardiomyopathy. The bases of this this hypothesis is that doxorubicin treatment 
leads to coronary microvascular dysfunction, micro-areas of ischemia, cardiac dysfunction and heart 
failure. If our hypothesis is correct, it will represent an explanation, and treatment, for DiC that is 
currently has no treatment or prevention method.  
 
Goals and objectives. The goal of this summer research is to test the hypothesis that heart failure 
occurring after Doxorubicin treatment is caused by microvascular dysfunction. We will test whether 
Chromonar treatment will prevent and reverse the consequences of doxorubicin treatment. We 
currently have all the resources necessary for this project, and believe the goal is attainable over the 
course of the summer.  
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Investigative methods. 
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Proposed method of data analysis. One-way ANOVA and t-tests with the Bonferroni Inequality to 
determine intergroup and treatment differences. P<0.05 will be accepted for statistical significance.  
 
Significance of anticipated findings. If our hypothesis is correct (we reject the null hypothesis), we will 
show that the coronary microvascular dysfunction develops after Doxorubicin treatment, which leads to 
development of dilated cardiomyopathy. Treatment with Chromonar, which increases myocardial blood 
flow will prevent and treat development of dilated cardiomyopathy. Our results may lead to a new 
paradigm for the treatment of this disorder.  
 
Appendix: Summer Research Fellow Training/Mentoring Plan. The plan we have devised is arranged in 
a hierarchical manner.  
 
a. First, the student will directly interact with Dr. Ohanyan (1:1). Dr. Ohanyan will teach the in vivo 

experimental procedures, including echocardiographic measurements and will provide instruction for 
data analysis, construction of the final poster, and writing the final paper.  
Second, the student will interact with Drs. Ohanyan in a 1:1 manner reviewing the data, the protocols, 
the rationale and the interpretations.  
Third, the student will attend the lab meetings of the Heart and Blood Vessel Disease Group (a 
combined lab meeting of the faculty with interest in cardiovascular research (Drs. Chilian, Penn, Chen, 
Raman, Thodeti, Meszaros, Yin, Ohanyan, Dong, Mayorga, and Yun) and will present the results in this 
weekly meeting.  
Fourth, the student will participate in a summer journal club that will involve all the summer research 
students and faculty. Each summer student will be expected to participate.  
Fifth, the student will be expected to present a poster at the research day when all summer fellows 
present a synopsis of their work.  

 
b. All the necessary resources (echocardiographs, Transonic system to measure arterial pressure, 

anesthesia machines, computer for measuring evaluating echo images, mice, surgical instruments, 
surgical supplies, ultrasonic contrast) and financial resources for completing the research are 
available.  

 
c. The research will be completed at NEOMED. 
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Submit your application to Dr. Liya Yin 
 
Title: The regulation of mouse coronary collateral growth  
Principal Investigator:  Liya Yin, Associate Professor, Integrative Medical Sciences 
 
Location: NEOMED 
 
Abstract.  Ischemic heart disease continues to be a leading cause of death, and ill-health in the United 
States. The presence of coronary collateral vessels—the naturally occurring vessels that supply flow to an 
area of the heart to bypass a blocked vessel—confers a significant benefit to patients.  The incidence of 
death decreases.  The ability to survive a heart attack is better.  And the amount of tissue that dies 
following a heart attack is less.  However, the presence of such collateral vessels occurs in only 10-15% of 
all patients, so that the vast majority suffer the full consequences of death and ill-health in the event of a 
blockage in a vessel supplying the heart muscle. Currently, our understanding of coronary collateral 
growth (also termed coronary arteriogenesis) is based on studies in live animals, in which certain inhibitors 
are administered to reduce the vascular growth.  A limitation of such “loss of function” studies is the 
cellular “target” of the inhibitor is unknown.  The inhibitor could be acting on endothelial cells, smooth 
muscle cells, cardiac myocytes, inflammatory cells, and/or fibroblasts.  Currently there is no way to 
decipher the cell-based mechanisms of coronary blood vessel growth. Moreover pharmacological 
inhibitors suffer from the problem on non-specificity.  To overcome these deficiencies, we use the 
transgenic mouse model to interrogate many questions regarding regulation of process of coronary 
arteriogenesis in normal or diseased model (obesity and diabetes) and which cell types may be involved 
in this adaptive vascular growth by lineage tracing.  We hope that these studies will eventually lead to 
new therapies designed to help patients with ischemic heart disease grow new blood vessels in their 
hearts. 

 
The significance of the overall research  
The patients with coronary collaterals have nature bypass during ischemia and have better prognosis after 
heart attack.  If we understand the mechanism of regulation of coronary collateral growth, we can 
stimulate coronary collateral growth and amplify the effect of coronary collateral growth, especially for 
the patients who have impaired coronary collateral growth such as patients with metabolic syndrome.    
 
Goals and objectives.  The goal of this summer research is to study the mechanism of coronary collateral 
growth and how to stimulate and amplify the effect of CCG.     
 
Research Methods.  Mice will be anesthetized, intubated, and prepared for sterile surgery (involved areas 
will be shaved and scrubbed with betadine).  In all animals an incision will be made through the sternum, 
and a special occluder will be situated on the surface of the heart around the left anterior descending 
artery. The wounds will be repaired and the chest evacuated and closed. Post-operative pain will be 
treated by injection of an analgesic for the first day post-op, and then as needed (we will defer to the 
attending veterinarian’s advice).  At several points after implantation of occluder, we will perform non-
invasive echocardiography to evaluate cardiac function. In some animals, terminal experiments will be 
made at intervals (days 3, 7, and 14) up to 21 days after implantation of the occluder using contrast 
echocardiography to measure flow. These measurements will be made while the animals are anesthetized 
using gas anesthesia.  Final measurements blood flow to the heart and blood pressure will be made in 
anesthetized mice 21 days following implantation of the occluder using contrast echocardiography.  This 
is done in anesthetized mice (isoflurane) in which arterial pressure is measured from a femoral catheter, 
and contrast microbubbles and drug infusions are done via a tail vein catheter or a catheter inserted in a 
jugular vein.  After completion of the measurements, the mouse will be euthanized and the hearts will be 
removed for various in vitro and imaging studies. We also use the microfil to perfuse the heart for micro-
CT to analyze the coronary collateral growth. 
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Proposed method of data analysis.  The analysis will involve only unpaired t-tests as we will compare 
shams to animals instrumented with the occluder.  P<0.05 will be accepted for statistical significance. 

  
Significance of anticipated findings.  If the study is successful, it will accelerate our understanding of 
mechanisms underlying coronary collateral growth as we will be able to use better link particular genes 
with this adaptive process. This will lead to the novel therapeutic approach to patients with ischemic heart 
diseases. 

 
Appendix: Summer Research Fellow Training/Mentoring Plan. The plan we have devised is arranged in a 
hierarchical manner. 

 
a. First, the student will interact in a 1:1 manner with Dr. Liya Yin for experimental design, the protocols, 

data collection and reviewing and the interpretations. 
Second, the student will interact with other lab personnel including graduate students, postdoc, 
research assistant for surgery, transgenic mouse breeding, phenotyping, contrast echo calculation and 
image analysis of micro-CT. 
Third, the student will present in our lab meetings and the Cardiovascular Interest group (a combined 
lab meeting of the faculty with interest in cardiovascular research (Drs. Chilian, Penn, Chen, Bratz, 
Raman, Thodeti, Meszaros, Yin, Ohanyan, Dong, Mayorga, and Yun) and will present her results in this 
weekly meeting. 
Fourth, the student will participate in a summer journal club that will involve all the summer research 
students and faculty.  Each summer student will be expected to participate. 
Fifth, the student will be expected to present a poster at the research day when all summer fellows 
present a synopsis of their work. 
 

b. All the necessary resources (echocardiographs, anesthesia machines, computer for measuring 
evaluating echo images, mice, surgical instruments, surgical supplies, ultrasonic contrast, micro-CT, 
Fluorescent imaging system including multiphoton and confocal scope) and financial resources for 
completing the research are available. 

 
c. The research will be completed at NEOMED. 
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Submit your application to Dr. Yanqiao Zhang 
 
Project title: miR-128-1 in metabolic homeostasis 
Principal Investigator: Yanqiao Zhang, MD 
Location: Department of Integrative Medical Sciences, NEOMED 
 
Abstract of the Project: MicroRNAs are small non-coding RNA molecules that play important roles in 
development, inflammation and metabolism. Genomewide Association studies (GWAS) have shown that 
miR-128-1 is associated with HDL homeostasis. In this project, we plan to study the role of hepatocyte-
specific miR-128-1 deletion in metabolic homeostasis. miR-128-1-/- mice will be fed a Western diet 
containing containing 40% fat, 0.2% cholesterol, and 4.2% fructose. During the feeding study, we will 
measure body fat using Echo-MRI and energy metabolism using CLAMS (Comprehensive Lab Animal 
Monitoring System). By the end of the study, plasma, liver, bile, intestine, brown adipose tissue and 
white adipose tissue will be collected. Plasma levels of triglycerides (TG), cholesterol, 
AST and ALT will be determined. Hepatic TG, cholesterol and hydroxyproline levels will also be 
determined. In addition, liver sections will be used for oil red O staining, H & E staining and sirius red 
staining (for staining of fibrosis). Hepatic mRNA levelsof genes involved in lipid metabolism, 
inflammation and fibrosis will be determined by qRT-PCR and hepatic protein levels determined by 
Western blots. We predict that deletion of miR-128-1 has an important impact on lipid homeostasis and 
the pathogenesis of fatty liver disease. 
 
Significance of the overall research: Dysregulation of lipid homeostasis may cause fatty liver disease, 
atherosclerosis, etc. Fatty liver disease affects ~ 30% of the US population. Fatty liver disease may 
further progress to liver cirrhosis and liver cancer. HDL plays a critical role in reverse cholesterol 
transport and in protection against atherosclerosis. GWAS studies have revealed an important role of 
miR-128-1 in HDL metabolism. This project will provide important insights into the role of hepatocyte 
miR-128-1 in fatty liver disease and atherosclerosis. 
 
Goals and objectives for the summer research project: The overall goal of this project is to investigate 
the role of hepatocyte miR-128-1 in metabolic homeostasis. The student will learn how to perform 
studies on fatty liver disease or lipid homeostasis. The student will also learn a number of techniques, 
such as lipid extraction, lipid assays, sectioning, staining, RNA or protein extraction, qRTPCR, etc. 
 
Research methods to be used: We plan to start the feeding study 3 months before the student fellow 
joins the lab in the summer. When the student joins the lab, he/she can start to measure body fat using 
Echo-MRI and energy metabolism using CLAMS (Comprehensive Lab Animal Monitoring System). After 
the data for body fat and energy expenditure are collected, plasma, liver, bile, intestine, brown adipose 
tissue and white adipose tissue will be harvested. Plasma levels of triglycerides (TG), cholesterol, AST 
and ALT will be determined. Hepatic TG, cholesterol and hydroxyproline levels will also be determined. 
In addition, liver sections will be used for oil red O staining, H & E staining and sirius red staining (for 
staining of fibrosis). Hepatic mRNA levels of genes involved in lipid metabolism, inflammation and 
fibrosis will be determined by qRTPCR and hepatic protein levels determined by Western blots. Bile acid 
composition will also be determined. 
 
Proposed method of data analysis: The data will be analyzed using one way ANOVA and student t-test. 
Only P<0.05 will be considered significant. 
 
The contribution of the anticipated findings from the summer research fellow to the success of the 
overall research being investigated: My laboratory is very interested in understanding the role of 
miRNAs in metabolic diseases. This findings from this project fit very well with our overall research 
directions. 
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Mentoring Plan/Training Plan: 
The summer research student fellow will be mentored by the PI. The postdoctoral fellows and graduate 
students in the PI’s lab will provide technical support for the student fellow. 
 
The PI will provide the summer research fellow with the background information and will work with 
summer research fellow to come up with the rationale, hypothesis and approaches to test the 
hypothesis. The PI and his lab staff will work closely with the summer research student fellow to make 
sure the project will be moving forward as expected. 
 
The student fellow will also attend the PI’s weekly lab meeting and report the progress of the project in 
the lab meeting. He/she will also attend the biweekly “Diabetes, Obesity and Metabolism” RFA group 
meeting. After 8-10 weeks, the student will present his/her data on the NEOMED’s poster day. 
 
Through this training, the student is expected to learn how to design studies in order to test a 
hypothesis. He/she will also learn how to work with animals and lots of experimental techniques. 
 
Resources available: The PI’s lab and department are well equipped with all the necessary resources. 
The PI has the necessary funding to support the research.  
 
Site where the research will be conducted: CMU and F-205 at NEOMED 
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Submit your application to Dr. Sheila Fleming 
 
Title: The effect of exercise in Parkinson’s Disease 
PI: Sheila Fleming, Ph.D. Assistant Professor in the Department of Pharmaceutical Sciences 
Location: Research and Graduate Education Building, RGE-100 
 
Abstract: Parkinson’s disease (PD) is the most common neurodegenerative movement disorder and is 
characterized by the loss of dopaminergic neurons in the substantia nigra and the development of alpha-
synuclein positive lewy bodies and lewy neurites in the brain and periphery. There are currently no 
molecular or biological treatments that can slow or stop the progress of the disease. However, preclinical 
and clinical studies suggest that exercise therapy may have disease-modifying potential Parkinson’s 
disease. Although, it is currently unclear mainly due to two main issues. First, in clinical studies it is difficult 
to determine whether any improvements observed are due to symptomatic improvement versus the 
sparing of neurons or slowing pathology in the brain since we have limited ability to quantify neurons and 
Parkinson’s pathology in the living human brain. Second, our ability to turn to preclinical animal models 
has been limited by the model tools we have had, models that do not accurately reproduce the key 
pathological feature of the Parkinsonian brain, alpha-synuclein accumulation. In the present project we 
use an optimized preclinical model of Parkinson’s disease to examine whether exercise therapy using 
treadmill running can protect against this hallmark pathology of Parkinson’s disease and the subsequent 
loss of neurons. We are also examining the mechanisms whereby the effects of exercise may occur and 
the effect on behaviors impacted in Parkinson’s disease including motor, cognitive, and neuropsychiatric 
function.  
 

Background and Rationale: PD belongs to a group of diseases known as synucleinopathies, where the 
presynaptic protein alpha-synuclein abnormally accumulates in the brain and periphery. Alpha-synuclein 
is a major component of lewy bodies, the pathological hallmark of synucleinopathies and a key protein in 
the study of PD. Inherited forms of PD show that mutated or increased alpha-synuclein can lead to the 
development of PD. Thus, the identification of interventions that can decrease alpha-synuclein 
accumulation and toxicity could have therapeutic potential. Multiple studies show an inverse correlation 
between physical activity and PD risk. They suggest that increased physical activity in midlife is associated 
with an approximately 34% reduced risk of PD. However, it cannot be excluded that there is a reverse 
causation where a predisposition to PD contributes to less physical activity. Therefore, understanding the 
biological impact and therapeutic potential of physical activity and exercise in PD would be of considerable 
value to patients. Preclinical studies have been employed to determine the potential protective effect of 
exercise in PD. To date though, the results have been mixed with some showing neuroprotection and 
others showing only symptom improvement and very few actually measuring alpha-synuclein pathology. 
In the present study we are using the alpha-synuclein preformed fibril (PFF) model of PD and are 
determining the impact of treadmill exercise at two different stages of pathology. We are testing treadmill 
exercise early when there is some alpha-synuclein pathology but no neurodegeneration yet and later 
when neurodegeneration has just started to develop.  
 
Goals and Objectives: The goal of these studies is to determine the therapeutic potential of exercise in 
Parkinson’s disease. The objective is to introduce treadmill exercise at different stages of pathology and 
neurodegeneration to determine whether it can slow or stop the progression of the disease pathology.  
 
Investigative Methods: A combination of behavioral, cellular, molecular, and genetic methods will be 
employed to determine the effect of exercise in the alpha-synuclein preformed fibril model of Parkinson’s 
disease.   
 
Treadmill Training. Separate cohorts of PBS control or PFF-injected rats will be exposed to treadmill 
training. Rats will be tested during the dark cycle (rats are housed in a reverse light/dark cycle) and will 
build up to a running rate of 15 meters/min for 30 minutes per day, 5x per week. Rats will then be 
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behaviorally tested to determine the effect of the exercise on sensorimotor, cognitive, and 
neuropsychiatric function. In the brain alpha-synuclein accumulation and neurodegeneration of the 
nigrostriatal dopaminergic system will be determined.   
 
Behavioral Testing. All rats will undergo a battery of behavioral testing to determine the impact of 
treadmill exercise on both motor and non-motor function. The motor tests employed (movement 
initiation, adhesive removal, and spontaneous activity) have all been shown to be highly sensitive to 
nigrostriatal cell loss and changes in dopamine in the striatum. These tests can be used repeatedly 
throughout the experiment. Non-motor tests will also be included because exercise is known to have 
broad effects in the CNS and the PFF model develops alpha-synuclein pathology outside of the 
nigrostriatal system including the amygdala, cortex, and olfactory regions. Therefore, tests that measure 
anxiety-like behavior, cognitive dysfunction, and olfactory dysfunction, impairments also commonly 
observed in PD, will be included. Since tests that measure fear and cognition can be influenced by 
repeated testing, these tests will only be included at one time point at the end of the study. 

 
Alpha-Synuclein Accumulation (brain). Soluble and insoluble alpha-synuclein protein will be measured 
using both immunoblot and immunohistochemistry techniques. For immunoblot fresh frozen tissues will 
be homogenized and subjected to successive freeze-thaw cycles. Lysates will then be centrifuged and 
supernatants will be collected as the soluble fraction. The remaining pellet will be resuspended in a SDS-
based lysis buffer, boiled and sonicated. Lysates will be centrifuged and the supernatants collected as the 
insoluble fraction. Protein from each sample is fractionated on gels and then transferred to membranes. 
The membranes are incubated with primary antibodies for alpha-synuclein. The membranes are 
developed using ECL Plus Western Blot Detection Kit. For immunohistochemistry, free-floating coronal 
sections will be collected for analysis. Sections will be processed with primary antibodies and for controls, 
sections will be incubated with the corresponding IgG at the same concentration as the primary antibody. 
The avidin-biotin complex method will be used to detect the secondary antibody and the reaction product 
visualized by DAB.  
 
Neurodegeneration (brain). Neuron counts will be measured using immunohistochemistry in the 
substantia nigra. Dopamine neurons in substantia nigra pars compacta and dopamine terminals in the 
striatum will be identified utilizing tyrosine hydroxylase immunohistochemistry protocols routinely used 
in the lab. 
 
Proposed Method of Data Analysis: A combination of parametric and non-parametric statistics will be 
used to analyze the behavior and tissue data. For parametric statistics, 2X2 randomized ANOVA will be 
used to analyze treatment (PBS or PFF injected) and exercise (treadmill training or stationary on treadmill). 
Post hoc comparisons will use the Bonferroni corrected factor when multiple comparisons are being 
made. For scores that do not meet the assumptions of ANOVA nonparametric statistics will be used to 
compare genotypes and treatment. 
 

Significance of Anticipated Findings: Whether exercise can protect the nigrostriatal system in the context 
of synucleinopathy remains an open question. Determining the effect of exercise on key pathological 
mechanisms involved in the progression of PD is an important goal in the field as it could potentially 
provide a much needed, non-invasive, non-pharmacological therapeutic strategy for Parkinson patients 
and at risk populations. Results from these experiments will yield essential data on the specific effect of 
exercise on alpha-synuclein inclusion accumulation, synuclein-triggered neuroinflammation and 
nigrostriatal degeneration. In addition, this work has high translatability and will help to inform clinical 
trials and identify optimal intervention strategies for PD patients and at risk populations. Collectively, 
these studies will provide evidence to support or refute the disease-modifying potential of exercise 
against synucleinopathy in PD. 
 
 



61 

 

Student Fellow Training/Mentoring Plan:  
 
Plan. This is a large project that is ongoing in the lab. The PI will work with the student to determine what 
aspect of the project best suits his/her interests, abilities, and goals. The student would have the option 
to work mainly on one aspect of the project (such as behavioral testing and analysis or tissue processing 
and immunohistochemistry) or multiple aspects of the study. The student will meet with the PI on a 
weekly basis to discuss project progress and literature in the field. In addition to individual meetings the 
student will attend regular lab meetings where each person in the lab discusses the project they are 
working on and the progress or setbacks they have encountered. Short PowerPoint presentations are 
encouraged during these meetings as they will keep the student on track for the final poster session at 
the end of the summer. 
 
Resources. This project is funded by the Department of Defense and the lab has all resources necessary 
for the student to complete a summer project. The rats and treadmills are available and behavioral testing 
protocols are already established. Supplies and space for tissue processing are also available.  
 
Location. The experiments will be conducted primarily in the laboratory area in RGE-100. There is 
behavioral testing space in C-133 where motor and cognitive testing will take place. The student will 
have a desk and access to a computer in the write-up area for data analysis and presentation. 
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Submit your application to Dr. Takhar Kasumov 
 

Targeted proteomics assay for blood levels of glycated ApoAI: A diagnostic tool for the diabetic CVD risk. 
Principal Investigator: 
   Takhar Kasumov, Ph.D. 
   Associate Professor, Department of Pharmaceutical Sciences 
   College of Pharmacy, NEOMED 
   E-mail: tkasumov@neomed.edu 
Abstract: 
Cardiovascular disease (CVD) is the major cause of morbidity and mortality in patients with type 2 diabetes 
(T2D), with a 2-4 fold increase in CVD risk1. Although hyperglycemia and CVD risk are linearly correlated, 
the molecular mechanisms that link hyperglycemia to CVD pathogenesis during T2D development remain 
poorly explored. In addition, currently no simple diagnostic tool is available for identification of patients 
at CVD risk of diabetes. 

Glycation is a major mechanism mediating the glucotoxicity in diabetes. It involves the non-enzymatic 
reaction of glucose with the amino group of proteins, leading to formation of fructosamines, also called 
Amadori glycation adducts (AGAs). Glycated hemoglobin (HbA1c) is routinely measured for the diagnosis 
and management of diabetes. Since hemoglobin has long half-life (~90 days), it reflects the long-term 
expose to glucose but doesn’t allow to assess the short-term (1-2 weeks) hyperglycemia or response to 
therapy. In addition, HbA1c is not mechanistically linked to CVD complications of diabetes. Furthermore, 
genome-wide association studies (GWAS) determined that multiple genomic loci affect HbA1c though 
hemoglobin metabolism that result in missed diagnosis of diabetes using current thresholds. Therefore, 
there is a critical need for the improved metrics of early hyperglycemia that would inform and improve 
the treatment decisions and thus reduce the burden of diabetes. It is also imperative to develop a 
biomarker that reflects the glycation process and accurately identifies patients at risk by linking 
hyperglycemia to CVD at the molecular levels.   

Background and Rationale: 

T2D is characterized by reduced levels of HDL cholesterol (HDLc), a known independent risk factor for 
CVD. However, it has been proposed that it is not merely levels of HDL, but the composition of HDL 
particles and functionality that ultimately determine CVD risk. Our pilot in vivo data from diet-controlled 
T2D patients vs. matched control individuals show altered composition of HDL proteome with increased 
distribution of glycated proteins in T2D. The glycation of ApoAI, the key protein of HDL involved in CVD 
protection, was strongly associated with reduced in vitro cholesterol efflux function of HDL. To further 
assess the impact of glycation on HDL-related CVD risk, we developed a metabolic labeling-based, high 
throughput method to quantify the stability of HDL proteins and their glycated forms2. When we applied 
this new method for the first time to newly-diagnosed T2D subjects, we found that glycated ApoAI 
(gApoAI) was unstable, and that the extent of glycation at lysine (K)133 of ApoAI was inversely related to 
the cholesterol efflux, suggesting that gApoAI may contribute to CVD risk in T2D2. K133 is located in the 
lipid binding 122-143 domain of ApoAI3,4, indicating its importance in ApoAI function/regulation. 
Furthermore, gApoAI induced markers of inflammation and adhesion in cultured human aortic endothelial 
cells (HAECs). Taken together, these exciting data demonstrate a potential role for gApoAI to CVD risk in 
T2D. We propose that gApoAI represents a mechanistically relevant biomarker of diabetic CVD. Due to 
relatively shorter half-life (2-3 days), gApoAI levels also may reflect integrated blood glucose levels in early 
stages of hyperglycemia and accurate quick response to therapy.  

Goals and Objectives: 
Here, we propose to establish a proteomics-based assay to measure gApoAI-K133 and test its clinical utility 
in subjects with and without diagnosis of diabetes. We will apply mass spectrometry-based immune-
isolation proteomics to determine whether glycation-induced modification of ApoAI could be used to 
predict CVD risk in prediabetic and diabetic subjects and contrasted to healthy controls. We will assess 
the CVD risk based on Framingham Risk score. The biological samples will be available from the Cleveland 

mailto:tkasumov@neomed.edu
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Clinic’s sample bank. The objectives of this project are to efficiently enrich glycated ApoAI from serum 
(aim 1), develop sensitive targeted proteomics assay (aim 2), and investigate the effect of this modification 
on CVD risk (aim 3)  
 
Investigative Methods: 
To perform this study an analytical method will be developed including isolation of glycated peptide using 
boronic-affinity solid phase extraction in combination with data independent acquisition and parallel 
reaction monitoring mass spectrometry for aim 1 and aim 2, and then will be applied to human samples 
(aim 3).  To assess the effect of glycation on protein’s function the lipid binding capacity of native ApoAI 
and in vitro and in vivo glycated ApoAI (isolated from patients) will be determined. We also will use Q-
Exactive Plus hybrid quadrupole-OrbiTrap mass spectrometry to analyze acetylated peptides in positive 
ion mode to acquire the MS spectra in a data-dependent manner from the survey scan (380-1800 m/z) 
for subsequent high-energy collision dissociation (HCD) fragmentation. 

Proposed Methods for Data Analysis 
MaxQuant, a proteomics software developed for interpreting large-scale proteomic data from tandem 
mass spectrometry (MS/MS), will be used for the analysis of post-translational modification including 
acetylation. Raw MS data files including peptide ion masses and fragment spectra obtained from the Q-
Exactive Plus mass spectrometry will be processed using MaxQuant against SwissProt mouse protein 
database. Trypsin-digested peptide sequences will be searched at up to a maximum of two missed 
cleavages. Carbamidomethylation of cysteine is set as fixed modification while methionine oxidation, 
nitration and glycation, will be set as variable modifications. Database searching was performed with 6 
ppm mass tolerance for precursor ions and 20 ppm for fragment ions. The false discovery rate (FDR) will 
be set to a maximum of 1% false identifications from a reversed sequence database. ATP synthase activity 
will be assessed by colorimetry-based spectrometry using 96 well plate. We will compare at least 7 liver 
samples per patient group to determine statistical significance between NAFLD, and healthy control. 

Significance of anticipated findings: 
These studies will establish gApoAI as an early glycemic marker involved in diabetes and its CVD 
complications. In contrast to HbA1c, gApoAI due to its shorter half-span (2-3 days) and its relation to CVD 
could be used as a marker of short-term hyperglycemia, diabetic CVD risk and response to therapy. 

 
Student fellow training/mentoring plan: 

The goal of the mentoring program is to provide skills, knowledge and experience to prepare a student 
fellow to excel in mass spectrometry and bioinformatics technology. To accomplish this goal, the 
mentoring plan will follow the guidance of the National Academies of Science and Engineering on how to 
enhance the research experience, by providing a structured mentoring plan, career planning assistance, 
and opportunities to learn a number of career skills such as developing scientific presentation and writing 
skill. 

Mutual expectations will be discussed and agreed upon in advance. The plan topics will include (a) 
interaction with coworkers, (b) work habits, and (c) documentation of research methodologies and 
experimental details so that work can be continued by other researchers and colleagues. 

Participation in the journal clubs in which graduate students and postdocs meet weekly, along with a 
faculty facilitator, to discuss and critique recent journal articles and to discuss how to write and submit 
papers. 

Instruction in Professional Practices will be provided on a regular bases in the context of the research 
work and will include fundamentals of the scientific method in the design of research question, 
formulation of a hypothesis and description of defined approaches to test the hypothesis. She/he will 
learn to identify research questions, definition of objectives, description of approach and rationale and 
construction of a work plan and timeline. 

Success of this mentoring will be assessed by tracking the student fellow’s progress through interviews to 
assess satisfaction with the mentoring program, and tracking of progress through weekly discussions in 
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group meeting. At the end of the internship, the results of the summer research will be presented in a 
poster session. 
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Submit your application to Dr. Moses Oyewumi 
 
Title: Sequential Delivery of RNR Inhibitors and Cisplatin in Cervical Cancer Treatment  
 
Principal Investigator: Moses O. Oyewumi, B.Pharm, Ph.D.,  
Associate Professor & Interim Chair  
Department of Pharmaceutical Sciences, RGE 244, NEOMED.  
Phone 330-325-6669; E-mail: moyewumi@neomed.edu  
 
# of Summer Research Fellow Requested: 1- 2  
 
Abstract of Project: Cervical cancer is a leading cause of morbidity and mortality in women worldwide 
with approximately half a million newly diagnosed cases and over 200,000 deaths annually. The link to 
human papillomaviruses infection has been employed in preventive strategies. Treatment options for 
cervical cancer patients include chemotherapy, radiation or surgical removal of the cervix. Most 
common treatment strategies (platinum chemotherapy and/or radiotherapy) act by destroying cancer’s 
DNA (genetic materials). Meanwhile, cancers can develop resistance often due to the ability to repair 
the damage done to their DNA. A major enzyme that is responsible for repairing DNA damage is 
ribonucleotide reductase (RNR), which is often secreted in high quantities by resistant cancer cells. It is 
widely accepted that inhibition of RNR enzyme along with chemotherapy and/or radiation could be 
effective in realizing treatment outcomes for cervical cancer. The significance of this approached has 
been demonstrated by a few clinical trials. Meanwhile, the sensitivity of cervical cancers to treatment 
can improve markedly if we hinder the function of enzyme RNR in the right order and time during 
chemotherapy or radiotherapy. We still do not know the exact sequence of administration of RNR 
inhibitors in conjunction with chemotherapy and/or radiation in order to sensitize cervical cancer and 
prevent resistance. Further, clinical application of RNR inhibitors will require suitable delivery systems 
that can potentially achieve optimal sequencing (timely release) of RNR inhibitors relative to platinum 
chemotherapy and/or radiotherapy. The clinical connotation of the project is attributable to sequencing 
of RNR inhibitors coupled with application of a suitable delivery system.  
 
Significance: In a clinical trial that studied RNR inhibition preceding cisplatin exposure by 24 hours, the 
timing and sequence was associated with minimal disease response. We propose to investigate the 
optimal timing of RNR inhibition during platinum chemotherapy and to apply the findings in designing a 
suitable delivery system that will achieve sequential release of cisplatin and RNR inhibitors. In this 
regard, we will apply small-sized (nano-sized) delivery systems (polymersomes, Ps) with the capacity to 
release dual therapeutic agents wherein hydrophilic drug (RNR inhibitor) will be loaded within Ps core 
cavity while hydrophobic drug (cisplatin) will be embedded within the Ps outer bilayer membrane.  
Ribonucleotide reductase (RNR) limits the de novo supply of deoxynucleotide diphosphates (dNDP). It is 
at least a heterotetrameric enzyme that contains two active site large subunits (M1) and two small 
catalytic subunits (M2 or p53R2 [M2b]), with higher order forms known [1]. RNR M1 and M2b levels are 
constant across all cell cycle phases. RNR M2 is detected solely in S-phase, and is then abruptly degraded 
in late G2 cell cycle phase [2]. Pharmacologically-blocked RNR results in a protracted G1/S checkpoint, 
persistence of unrepaired DNA damage (i.e., γH2AX foci), and enhanced cell death [3 4]. Phase I / II 
cervical cancer clinical trials sequencing a RNR inhibitor after cisplatin and radiation treatments have 
demonstrated tolerable therapy [5] and remarkable pelvic disease control (96% complete metabolic 
response) [6]. Long-term data suggest that women with already metastatic extra-pelvic cervical cancer 
eventually have disease progression, suggesting that the RNR inhibitor-cisplatin effect was not optimally 
lethal. Whether better-timed and sequenced RNR inhibitors enhance cancer cell sensitivity to platinum 
chemotherapy remains unresolved. There is an unmet therapeutic need for RNR inhibition-platinum 
schedule in general cancer management.  
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Goals and Objectives for 2020 Summer Research: The overarching hypothesis of the project is that 
nano-sized delivery systems can be engineered to achieve sequential release of cisplatin and RNR 
inhibitor in order to achieve sensitization of cervical cells to treatment.  
The breakdown of activities for a summer fellow will include:  
1) Literature review on RNR inhibition in cancer  
2) Review of current data that the lab as generated on the project  
3) Cell culture studies to assess the optimal sequence of RNR Inhibition and cisplatin  
4) Design of polymersomes (Ps) with the capacity to deliver dual therapeutic agents wherein hydrophilic 
drug (RNR inhibitor, triapine, 3-AP or hydroxyurea, HU) will be loaded within Ps core cavity while 
hydrophobic drug (cisplatin) will be embedded within the Ps outer bilayer membrane.  
5) Polymersome formulations will be characterized based on size, loading efficiency, size distribution, 
stability.  
6) Cell culture studies will be used in efficacy assessment of polymersome formulations  
 
Research Methods that will be learned by summer fellow:  
The student will be trained and be responsible for following:  
• Learning research overview on cervical cancer therapeutics  
• Cell culture techniques  
• Cell proliferation studies using Alamar blue assays  
• Cell cycle assay by flow cytometry  
• Cell migration assay  
• Design and preparation of delivery system for RNR inhibitors  
• Quality assessment for nano-sized delivery system  
 
Proposed Method of Data Analysis: All experimental procedures will be recorded in laboratory 
notebooks daily. Data analysis will be carried out using Student’s t-test or a single factor ANOVA. 
Student-Newman-Keuls post-hoc test will be applied for multiple comparisons while assessing 
significance at p-value of <0.05. The graphs will be generated using GraphPad Prism 6 (GraphPad 
Software, CA).  
 
Significance of anticipated findings: The project is innovative in that it affords us the opportunity to 
explore how RNR inhibition can be employed in cervical cancer chemotherapy through: (a) investigation 
of optimal timing of RNR inhibition during platinum chemotherapy, (b) design, characterization and 
application of suitable delivery systems for sequencing RNR inhibition, (c) the information gathered from 
the project could be translated to RNR inhibition during radiotherapy, (d) The work will be a perfect fit 
for the 8-week summer research mentoring program. It is anticipated we will generate some key 
foundational data that will be vital in advancing the project and potential submission of proposals for 
extramural funding.  
 
Summer research fellow training/ mentoring plan: The breakdown of the 8- week training will include 
preparing the student trainee on laboratory orientation and project background during week 1. 
Training/Mentoring on Experimental tasks will take place during week 2-6 while week 7-8 will be 
devoted to conclusion of experiments and poster preparation. The project will be conducted primarily in 
the PI’s lab at NEOMED. The PI will closely work and mentor student individually during the training. The 
Pi will ensure that the summer research fellow is supported in experimental design, assay methods and 
trouble soothing. The student will participate in weekly lab meeting where all lab personnel will present 
status of their projects. All the materials needed to successfully conduct the planned experiments are 
available in the PI’s lab.  
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Submit your application to Dr. Natalie Bonfine 
 
Project title, Principal Investigator name, title and location 
 
Project title: Social Characteristics, Subjective Social Status and Health among People with Serious 
Mental Illness 
 
Principal Investigator:  Natalie Bonfine, Ph.D., Assistant Professor, Department of Psychiatry  
 
Location of research: NEOMED campus, Department of Psychiatry 
 
Abstract of project 
It is well known that social status impacts health. Social status characteristics most often in focus are 
age, gender, race and socioeconomic status. Other research has also examined the influence of role-
based statuses and subjective social status on health outcomes. In addition to examining the direct 
connections between social status and health outcomes, it is also important to assess intervening effects 
of stress, attitudes about health care and psychosocial coping resources on the association between 
social statuses and health outcomes. However, much of this work done in these areas has focused on 
community samples of adults representing the general population and are not specific to people living 
with severe and persistent mental illness.    
This study will examine data from a sample of people residing in the community, but who have a severe 
psychological disorder, to better understand how social status affects health outcomes. Specifically, we 
will assess the association of objective social statuses and role-based statuses (e.g., gender, age, race, 
employment or parental status) and subjective social status (i.e., rating of social standing relative to 
others) with exposure to stressful events, satisfaction with treatment, and mental and physical health.  
 
Significance of the overall research 
This project will help us better understand the association of social factors, social status, well-being and 
physical and mental health outcomes among a sample of people with serious mental illness living in a 
community setting. The Whitehall II studies documented a strong link between social standing and 
health, noting patterns of social inequality and health such that changes in social standing are associated 
with direct changes in a variety of health outcomes and mortality (Adler et al. 1994; Link and Phelan 
1995; Marmot 2005; Marmot et al. 1991; Pearlin et al.2005). Social status also impacts access to health 
care as well as the experience of patients (Hall and Dornan 1990; Hendryx, Ahern, Lovrich and McCurdy 
2002; Marmot, Friel, Houweling and Taylor 2008).  Objective social status characteristics, including age, 
gender, race and socioeconomic status, are frequently viewed as social determinants of health. Other 
research has suggested that subjective, comparative assessments of one’s social standing are also 
effective indicators of health outcomes (Fitzpatrick Dennis et al. 2012; Singh-Manoux, Adler and Marmot 
2003).  Subjective social status is a key status measure as it captures subtler differences in the status 
hierarchy than traditional economic measures (Wolff, Subramanian, Acevedo-Garcia, Weber and 
Kawachi 2010). This measure is one’s cognitive averaging of standard markers of socioeconomic 
situations (Singh-Manouz et al. 2003), and has been shown to be associated with quality of life, smoking 
cessation, self-rated health, and emotional well-being (Cundiff, Smith, Uchino and Berg 2013; Fitzpatrick 
Dennis et al. 2012; Netuveli and Bartley 2012; Reitzel et al. 2010).  
 
Goals and objectives 
The aim of this study is to complete data analysis using a dataset collected through the Community 
Mental Health Research Focus Area at NEOMED (Christian Ritter, Ph.D., Director). This study examines 
subjective social status as a factor that influences physical and mental health of people with severe 
mental illness, as well as how role-based social statuses and objective social statuses associate with 
physical health and mental well-being of people with severe mental illness. While the student Fellow will 
work with the PI (Dr. Bonfine) to develop and define specific, conceptually driven research questions, 
the general, guiding research objectives for this study are to:  
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1) describe the current literature on subjective social status, and the association between social 
factors and health outcomes,  

2) analyze quantitative data on the association of key measures, including attitudes regarding 
social status, health services, stress and psychosocial coping resources and physical and mental 
health among a sample of adults with serious mental illness. 

 
Research methods to be used/learned 
The student Fellow will engage in a review of the literature, participate in the development of research 
questions, and assist in analyzing data and summarizing findings to an academic and general audience. 
The data analysis will consist of descriptive, bivariate and multivariate analyses (i.e., OLS regression).  
 
Proposed method of data analysis 
The student Fellow will engage in several aspects of quantitative data analysis, including developing 
research questions, conducting and interpreting descriptives analyses, means comparisons and 
multivariate analyses (e.g., ordinary least squares and logistic regression). Data analyses will be 
completed using SPSS. The student Fellow will also participate in other aspects of the project, including 
literature review and summary, developing tables and figures to display findings, and summarizing 
results. The Fellow will also gain experience preparing research results for public dissemination.  
 
While it is possible that applicants for the student fellowship may have some experience engaging in 
quantitative data analysis, prior knowledge or experience is not required. The Faculty PI will provide 
hands-on training and instruction on how to engage in such research in a scientifically rigorous manner. 
 
Significance of anticipated findings 
This study will contribute to an improved understand of how objective social status characteristics (e.g., 
gender, age, race, education, employment, parental status) and subjective social status (i.e., rating of 
social standing relative to others) influences health outcomes for people with serious and persistent 
mental illness. By doing this research in connection community-based mental health research focus 
area, students will meet with other collaborators and social science researchers who are examining the 
role that social factors that influence health, quality of life and other outcomes.  

 
Student Fellow Training/Mentoring Plan 
This Summer Fellowship experience will involve collaborative, team-based research. The student will be 
supervised by Dr. Bonfine, but will meet regularly with Dr. Ritter, Director of the community-based 
mental health research focus area. Weekly research team meetings will be scheduled between the 
faculty and summer research fellow. The student Fellow will have access to workspace within the 
Department of Psychiatry Research Lab, including access to work stations with computers and 
appropriate data and software (e.g. SPSS). All data analyses will be conducted on NEOMED’s campus and 
will adhere to IRB protocols. 
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Submit your application to Dr. Judith Fulton 
 
Organ-on-Chip Technology for Kidney and Liver Toxicity Testing 
 
Judy Fulton, PhD 
REDIzone Research Scientist 
 
Pharmacy Proof of Concept Center Laboratory 
NEOMED C-127 
 
Project Abstract 
Clinical trials often fail due to liver and/or kidney toxicities. If a method could be perfected to accurately 
screen newly designed drugs to weed out highly toxic compounds and identify the less toxic candidates 
prior to beginning the long clinical trial process, then drug development would become quicker, cheaper 
and safer for patients. Current screening methods are not adequate – static cell culture methods do not 
closely mimic the human condition, and animal trials do not translate well to humans. One of the most 
promising new technologies with the potential to solve this problem is organ-on-chip, which involves 
growing human cells in a microfluidic system that more closely mimics human organs. 
 
This project involves creation of kidney tubules and livers that are constantly perfused within the Nortis 
organ-on-chip system (www.nortisbio.com). These organoids can then be used to test panels of drugs 
with known and unknown toxicities. Further testing can often elucidate the mechanism of drug toxicity 
for a specific organ through mapping of a variety of biomolecules. 
 
Project Objectives 
Learn about organ-on-chip systems 
Choose a drug and complete a literature search on its toxicities and prior testing 
Learn human kidney and/or liver cell culture techniques 
Learn extracellular matrix preparation techniques 
Learn to use the Nortis organ-on-chip equipment 
Design experiment 
Create a kidney- and/or liver-on-chip 
Test drug toxicity in kidney- and/or liver-on-chip 
Compare results to literature 
Make a presentation to the Pharmacy Proof of Concept Center Committee 
 
Research Methods & Analyses 
Human cell culture methods 
Extracellular matrix preparation 
Microfluidic system 
Organ-on-chip techniques 
Microscopy observations 
CX5 microarray scanner for imaging and analysis 
 
Student Contribution to the Future 
 

1. Student will gather valuable data on drug toxicity that will be added to the repertoire of the 

Pharmacy Proof of Concept Center 

2. A course for credit on organ-on-chip technology is planned for the fall of 2020 and this summer 

fellowship will serve as a trial run for the course. 

 
 

http://www.nortisbio.com/
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Training 
Dr. Fulton will train the student on all techniques involved in the organ-on-chip technologies and will 
closely monitor progress on the project to assure all project objectives (outlined above) are met. All 
resources (biosafety cabinet, incubator, centrifuge, Nortis system, microscope, CX5 imaging, freezers, 
cell lines, lab supplies, chemicals, etc.) required to meet the objectives of this project are available in the 
Pharmacy Proof of Concept Center Lab, the REDIzone Common Lab or on the NEOMED campus. Most 
work will be done in the Proof of Concept Center Lab (C-127). 
 
Student Requirements 
Must follow protocols EXACTLY 
Must be meticulous and pay attention to details 
Must use good laboratory practices and etiquette 
Immunizations are up to date – student will be working with human cells 
Must have access to his/her own computer 
Should be able to work in a biosafety cabinet using aseptic techniques 
Cell culture experience is preferable 
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