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Cell-based therapy aimed at restoring organ function is one of the most exciting and promising areas of medical research. However,
a novel intervention like cell-based therapy requires physician education and training. An increasing number of physicians untrained
in regenerative medicine are using cell-based therapy to treat patients for a wide variety of chronic illnesses. The current lack of training
for physicians in this area combined with the sharply increasing practice of regenerative medicine is concerning for a number of reasons,
namely potential harm to patients and avoidable conflicts between governmental regulatory agencies and physicians. Academic medical
fellowship training programs are needed that specifically prepare physicians for treating patients with cell-based therapies for various
organ systems and chronic diseases. The National Heart, Lung, and Blood Institute established the Cardiovascular Cell Therapy Network to
design and conduct clinical trials that advance the field of cell-based therapy for patients with cardiovascular disease. As part of the
network, a two-year Clinical Research Skills Development Program was supported at two centers with the goal of training early career
investigators in cell-based clinical and translational research. In this review, we describe the implementation of this training program at
our institution with the purpose of promoting the further development of academic fellowship programs in cell-based regenerative
medicine. STEM CELLS TRANSLATIONAL MEDICINE 2015;4:118–122

INTRODUCTION
The promising cell-based therapy field aimed at restoring organ
function has exploded in the past decade. Currently, stem cells
from various sources are being evaluated in phase I/II trials for
a myriad of chronic, disabling disorders that have no effective therapies available. Although preclinical studies have provided mechanistic insights and phase I/II studies have provided evidence of
safety in the short term, questions regarding the most effective cell
type, dose, timing and route of administration, interaction with
other concurrent therapies, sustainability of effect, and adverse
effects, such as opportunistic infections and tumor development
or progression, remain to be resolved. These questions need to
be answered through rigorously conducted, multicenter clinical
trials with well-defined clinical endpoints, a longer duration of
follow-up, and a greater number of patients [1]. Moreover, a novel
intervention like stem cell therapy requires innovative evaluation
and assessment tools that place an emphasis on elucidating mechanisms of action and defining clinically relevant outcomes. From
dosing and delivery to evaluating safety and efficacy, stem cell
therapy provides not only opportunities but also challenges in
our mission to develop effective and sustainable therapeutic interventions for chronic diseases.
Although there are many clinical trials throughout the world being conducted and reported through ClinicalTrials.gov and governmental regulatory bodies provide some oversight [2–4], an
increasing number of physicians untrained in stem cell-based

therapy are administering stem cells into innumerable patients
for a broad diversity of conditions, with little or no evidence of safety
or efficacy [5, 6]. Furthermore, as stem cell technologies advance,
a growing number of academic physicians and institutions are interested in practicing regenerative medicine [5, 6]. To this end, academic medical fellowship training programs are needed that
specifically prepare physicians for treating patients with stem cellbased therapies for various organ systems and chronic diseases.
The National Heart, Lung, and Blood Institute established the
Cardiovascular Cell Therapy Network (CCTRN) to design and conduct clinical trials that advance the field of cell-based therapy
for patients with cardiovascular disease [7, 8]. As part of the network, a 2-year Clinical Research Skills Development Program was
supported at two centers with the goal of training early career (fellows and junior faculty) investigators in cell-based clinical and
translational research. Herein we describe the initial implementation of this training program at the Interdisciplinary Stem Cell Institute (ISCI) at the University of Miami Medical School and
share the knowledge we have gained with the purpose of promoting the further development of academic fellowship programs in
cell-based regenerative medicine.

PHYSICIAN TRAINING GAP: THE NEED FOR DEVELOPMENT OF
TRAINING PROGRAMS IN CELL-BASED REGENERATIVE MEDICINE
Cell-based regenerative medicine is rapidly expanding in terms of
the number of physicians practicing, number of patients being

Correspondence: Ivonne Hernandez Schulman, M.D., Division of Nephrology and Hypertension, Interdisciplinary Stem Cell Institute, Biomedical Research
Building, 1501 N.W. 10th Avenue, Room 810, P.O. Box 016960 (R125), Miami, Florida 33101, USA. Telephone: 305-243-1999; E-Mail: ischulman@med.
miami.edu Received July 18, 2014; accepted for publication November 17, 2014; first published online in SCTM EXPRESS December 29, 2014. ©AlphaMed
Press 1066-5099/2014/$20.00/0; http://dx.doi.org/10.5966/sctm.2014-0144

STEM CELLS TRANSLATIONAL MEDICINE 2015;4:118–122 www.StemCellsTM.com

©AlphaMed Press 2015

Downloaded from http://stemcellstm.alphamedpress.org/ by Janko Mrkovacki on February 5, 2015

SUMMARY
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CURRICULUM AND ASSESSMENT OF PROFESSIONAL DEVELOPMENT
OF THE TRAINEES
The clinical trainees supported by this CCTRN clinical research
training program conduct cell-based clinical and preclinical research projects at the ISCI, a state-of-the-art, multidisciplinary research group under the direction of Dr. Joshua M. Hare. The
primary goal of ISCI is to support and develop basic, translational,
and clinical research to further understand the use of stem cells
and cellular regenerative pathways. Dr. Hare and his group have
expertise in cardiovascular stem cell biology and cell-based therapy for cardiac regeneration, having conducted multiple preclinical studies and five phase I clinical trials and a longstanding track
record of mentorship in the area of cardiovascular basic and translational research. Through their projects, the trainees participate
and become expert in all the main aspects of the conduct and
analysis of basic laboratory, preclinical, and clinical stem cell research (Fig. 1), as described herein, as well as data presentations
in local, national, and international meetings, manuscript preparation, and grant writing.
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Basic Laboratory Techniques
Under the supervision of ISCI research faculty and staff, the trainees have the opportunity to engage in basic science research and
learn various basic laboratory skills, including techniques in molecular biology, cardiovascular physiology, stem cell culture and
biology, histology, and emerging technologies. In addition, exposure to and/or training in a current good manufacturing practice
(GMP) laboratory for the preparation of stem cells for human clinical trials is an important component of the training program in
regenerative medicine. At the cell production facility, the trainees
have the opportunity to learn about the GMP regulations and get
trained in the isolation, expansion, storage, and preparation for
injection of stem cells, as well as perform biomarker and molecular analyses.

Imaging Modalities
Faculty mentors from the Department of Radiology provide training in imaging acquisition and analysis, which provides a valuable
tool for evaluation of patients receiving cell-based therapy. Imaging modalities such as cardiovascular magnetic resonance, multidetector computer tomography (MDCT), and single-photon
emission computed tomography have been the focus of cardiac
function assessment after stem cell therapy at our institute
[20–22]. The institute has a state-of-the-art biplane angiography
system for the cardiac catheterization laboratory where all the
large animal experiments are conducted by the trainees and mentors. The institute’s 3.0 T magnetic resonance imaging (MRI)
offers sophisticated imaging abilities that mimic hospital-based
facilities.

Preclinical Animal Models
The development of preclinical animal models permits trainees to
understand cellular therapy from the time of obtaining the cells
from the donor to the administration of the cells to the patient,
using minimally invasive imaging techniques. The animal model
provides an opportunity to obtain extensive hemodynamic data
that can be correlated with biochemical assessment of cardiac tissue. The trainees get extensive training in the assessment of cardiovascular hemodynamics and myocardial energetics in the
porcine model of ischemic cardiomyopathy, as well as with coronary catheterization procedures, creation of novel models of cardiovascular disease, and catheter-based delivery of molecular
therapies to the myocardium [23]. These experiences are ideal
for the translation of this research to human application. The
choice of the porcine model was made because the porcine cardiac anatomy is similar to that of humans. As with humans, swine
have few collateral coronary vessels, thus enabling the reliable
creation of transmural infarction by the temporary occlusion of
a single coronary artery. The size of swine and adult human hearts
is comparable, allowing the use of human catheters and other cardiovascular devices, and the techniques developed in swine are
readily translatable to human clinical application.
Transendocardial stem cell injection is performed after induction of myocardial infarction in the porcine animal model. The
use of catheters with retrograde access across the aortic valve
into the left ventricle permits minimal invasive delivery of cell
products. Trainees work with the University of Miami Hospital
(UMH) interventional cardiologists and receive hands-on
experience.
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treated, and variety of conditions being treated [4–6]. The lack of
formal physician training in regenerative medicine combined
with the dramatically increasing use of cell-based therapies for
a multitude of diseases creates a potentially dangerous scenario
that may result in harm to patients, both physically and psychologically (false promises of cure), and avoidable, punitive
conflicts between the governmental regulatory agencies, such
as the Food and Drug Administration (FDA), and physicians
[2–6, 9–12]. It has been proposed that a more effective approach
to promoting compliance and uniformity in this new field is the
implementation of physician training programs in an academic
setting [5].
To add to the growing concerns regarding the use of cell-based
therapies, there is a growing demand to deregulate the use of
these therapies [9, 11, 13–15]. For instance, in April 2013, the
Italian government amended an already controversial ministerial
decree [16] with a clause that would redefine stem cell therapies
as tissue transplantation, thereby releasing them from any regulatory oversight [15]. This placed Italy out of step with the rules
of the European Medicines Agency and the U.S. FDA, both of
which define stem cells modified outside the body as medicines
and therefore under their regulatory oversight [2–4]. Although
the use of unproven stem cell therapies is not new [17–19], this
was the first time that there was some governmental support
for the medical use of an unproven therapy in a country where
rules set out by regulatory bodies have so far been effective in
protecting patients from serious risks associated with their
indiscriminate use [13]. However, the strong reaction by the international medical and stem cell communities was successful in arguing against this ruling, which was subsequently
overturned.
In summary, we believe it is critical for the medical and scientific community to be the leaders in developing programs to not
only educate and train physicians, but also educate patients, the
general public, and governmental agencies on the appropriate
development, investigation, and clinical use of cell-based therapies [1, 6–8]. To this end, the NIH established the CCTRN to lead
this effort in developing training programs that will produce
physician-scientists with expertise in all aspects of regenerative
medicine as it applies to cardiovascular diseases.
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Clinical Trials

Mentoring and Assessment

Experience in the conduct of clinical trials is another key component of the training program. UMH, which is within walking distance of the institute laboratory, is a major tertiary care center
that includes state-of-the-art Siemens cardiac catheterization
laboratories equipped with biplane imaging. Attending physicians in the catheterization laboratory participate in a number
of multicenter trials of new devices, techniques, and drug treatments used in conjunction with cardiac interventions. Experienced interventional cardiologists skilled at using catheter
delivery systems for stem cells mentor and supervise trainees.
The institute houses a clinical coordinating center with extensive experience in cell-based therapy for heart disease and a regulatory office that interacts with the FDA and the University of
Miami Institutional Review Board (IRB). The clinical coordinating
center is staffed by research coordinators who oversee patient
enrollment and follow-up and actively participate in the training
program. The skills taught include regulatory documentation; investigational new drug application submission to the FDA, IRB,
and institutional animal care and use committee (IACUC) documentation; patient enrollment and follow-up; noninvasive and invasive cardiovascular hemodynamic evaluation, monitoring, and
data analysis; and cardiac MDCT and MRI imaging data acquisition
and analysis. All trainees are required to complete courses on the
responsible conduct of research, which consists of online training
via the Collaborative Institutional Training Initiative Program, as
well as class options at the University’s Bioethics Program, prior
to initiation of any project.

During the initial phase of training program, the program leaders,
Drs. Hare, Balkan, and Schulman, work closely with the trainees,
ensuring that they are thoroughly trained in the technical aspects
of clinical and preclinical protocol preparation for the FDA, IRB,
and/or IACUC, preparation and delivery of stem cell injections,
performance and analysis of cardiac hemodynamic studies, analysis of MRI and MDCT imaging software, tissue preparation for
histology, and cell culture. Over time, the trainees are expected
to independently design and perform their own projects, as well
as to write the initial drafts of their manuscripts. The trainees are
encouraged and expected to apply for independent funding, such
as career development awards or other investigator-initiated research funding.
Progress is evaluated on a daily, ongoing basis through discussion with research team members and principal investigators. In
addition, more formal evaluation of progress is conducted during
weekly laboratory meeting presentations, weekly meetings with
the clinical trial investigators and clinical coordinators for patient
recruitment and follow-up, and weekly meetings with the large
animal surgical team for protocol development, experimental
planning, and progress of studies (Table 1).
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ISCI joined the CCTRN in March 2012, and this training program
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Figure 1. Bench-to-bedside training in the development of cell-based therapies.
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Table 1. Measurable milestones
Milestones

Academic
Publications and oral
presentations
Protocol writing

Assessment

Supervision and guidance
occurs throughout the writing
process both one on one
(individually with mentor) and in
weekly group meetings.

Grant writing
Technical
Surgeries and interventional
procedures

Techniques are individually (one on
one) taught and assessed.
Once a trainee is deemed
competent, he or she can perform
the activity independently.

Imaging acquisition and analyses
Laboratory techniques

fellows supported have medical degrees: two are foreign medical
graduates, and the most recent one to join the program is an
American graduate. They each have presented several posters
and oral presentations at national and international meetings
and have published multiple original research articles and review
articles in peer-reviewed journals [23–34]. Our first fellow has
successfully completed the training program and joined a radiology residency program. The other two fellows are expected to finish the program this academic year and return to internal
medicine and surgery residency programs, respectively, for completion of their medical training with the goal of becoming independent physician-scientists.

CONCLUSION
With the advent of cell-based therapy as a potential therapeutic
strategy for tissue regeneration in various chronic conditions, it is
imperative that academic programs be instituted to formally train
physicians and scientists in the conduct of translational and clinical research, as well as in the technical procedures used in the
regenerative medicine field. With this goal in mind, the NIH
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Data acquisition and analyses

CCTRN has been instrumental in supporting training programs
that will produce physician-scientists with expertise in all aspects
of regenerative medicine. The mission of the CCTRN is to “achieve
public health advances for the treatment of cardiovascular diseases, through the conduct and dissemination of collaborative research leading to evidence-based treatment options and
improved outcome for patients with heart disease” [7, 8]. Trained
personnel are vital for a successful research mission. The structured training programs supported by the CCTRN provide a high
quality scientific educational value and directly address one of the
most pertinent problems in the field of cardiovascular cell therapy: the lack of qualified personnel to support the growing portfolio of basic, translational, and clinical research. The goal is that
these scholars will bring novel ideas related to cardiovascular cell
therapy to early-phase clinical trials, with the ultimate goal of
completing research studies that will lead to more effective treatments for patients with cardiovascular disease.
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