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Message from the UTHSC Vice
Chancellor for Research
It is my great pleasure to introduce the seminal Memphis Institute of
Regenerative Medicine (MIRM) Newsletter. We have come a very long way in
less than three years. I will briefly tell the story of its creation. As many of you
know, one of my roles outside of UTHSC is having served as the Editor-inChief of Experimental Biology and Medicine (EBM) for about 15 years. During
that time, I have globalized the journal and, therefore, it’s parent Society of
Experimental Biology and Medicine (SEBM). We now have EBM/SEBM offices
on five continents, including a China outreach office in Chengdu, China where
my friend Dr. James Kang serves as Executive Director. In addition to his
appointment at the University of Louisville College of Medicine, James also
had an appointment at Sichuan University West China Hospital, where he ran
their Regenerative Medicine Center. James had spun-off several companies
including Revotek, which I quickly learned was a leader in the production of 3D
bioprinted human blood vessels. Further, I learned that Revotek had been to the
FDA to gain approval to do the first human trials of these blood vessels in the
United States and was looking for a place to produce the blood vessels in the
U.S. As soon as I learned that the pre-blood vessels, at that time, had a lifetime
of a 48 hours and needed to be shipped cold to the sites where they would be
used in patients, I thought about FedEx and Memphis. I brought Dr. Kang to
Memphis where he met the leaders of UTHSC, Medtronic and FedEx and as I
expected, he selected Memphis as the home of Revotek USA. Revotek USA is
now preparing 3D bioprinted blood vessels in the UTHSC Plough Center, and is
in the final stage of receiving the FDA approval to move forward with watershed
clinical trials.
I also discussed another idea with James which was to create the Memphis
Institute of Regenerative Medicine, combining the talents of UTHSC, the
University of Memphis (UofM), St. Jude and industry partners like Medtronic,
FedEx, Wright Medical Group N.V., Smith+Nephew, and others. I suggested
that Dr. Kang become a part-time UTHSC faculty member to serve as MIRM’s
Executive Director. Fortunately, both Dr. Kang and UTHSC Chancellor, Dr.
Steve Schwab, said yes, and the vision was starting to take shape.
On September 8, 2017, I gave a presentation to the Memphis Research
Consortium (MRC) Council in which I proposed the creation of MIRM. My
summary slide said, “The Memphis Research Consortium Council has the
opportunity to place Memphis at the epicenter of a set of technologic platforms
and ideas that will revolutionize the practice of medicine and provide commercial
applications leading to the development of high-paying biotechnology jobs in
the Memphis area.“
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The MRC voted unanimously to support the creation of MIRM, which was a landmark event in the future of Memphis and
Tennessee.
By September 8, 2017, we had recruited the first 36 members of MIRM, from UTHSC, UofM, St. Jude, and Medtronic. Since
its creation in 2017, MIRM has grown to its current 68 members. We have named Dr. Gabor Tigyi, the Harriet Van Vleet
Endowment Professor in Oncology Research in the Department of Physiology and Associate Vice Chancellor for Research
for Industry Relations and Global Cooperation, to be the Deputy Director of MIRM. Gabor oversees the daily operations of
MIRM, as well as the progress of its current focus groups.
Because of the major economic development and entrepreneurial nature of regenerative medicine we knew that we needed
a strong group of industry advisors. MIRM now has an Industry Advisory Committee chaired by Shannon Brown, Senior
VP, FedEx, and co-chaired by Ann Burgess, VP for Global Biologics, Wright Medical Group N.V. Other MIRM industry
advisory committee members include: Reid Dulberger, Chief Economic Development Officer, Edge for Memphis & Shelby
County; Jeffrey Scifert, Senior Engineering Program Manager, Medtronic; Victor Wu, CBO, Revotek USA; Ari Vanderwalde,
Medical Director, Clinical Trials Network of Tennessee (CTN2); Masami Izumida Tyson, Global Director of FDI and Trade,
Tennessee Department of Economic and Community Development; and Lillian A. Baez, Director, U.S. Commercial Service,
United States Department of Commerce. The academic members of the Industry Advisory Committee are: Ken Brown,
Executive Vice Chancellor, UTHSC; Steve Goodman, Vice Chancellor for Research, UTHSC; James Kang, UTHSC and
Executive Director, MIRM; Gabor Tigyi, UTHSC and Deputy Director, MIRM; Greg Harris, Senior Director of Development,
UT Foundation; Robert Blaudow, Southwest Tennessee Community College (SOUTHWEST); and Jasbir Dhaliwal, UofM.
The University of Tennessee Health Science Center provided $880,000 to initiate MIRM’s research projects. These funds
are being used to seed four working groups: (1) Novel 3D Biofabrication Methodologies and Manufacturing for Enhanced
Tissue Regeneration and Implantable Devices; (2) Cell Interactions with 3D Bioprinted Vessels – Basic and Translational
Approaches; (3) Stem Cell-Enhanced Tissue Regeneration: Engineering of Vascularized Bone/Cartilage Graft from AdiposeDerived Stem Cells; and (4) Gene Editing of Hematopoietic and Cancer Stem-Like Cells. You will next learn about the focus
of these four Research Groups.
I hope you enjoy the MIRM Newsletter which will be published quarterly.

Steven R. Goodman, PhD
Vice Chancellor for Research
The University of Tennessee Health Science Center
Editor-in-Chief, Experimental Biology and Medicine
President and CEO, Clinical Trials Network of Tennessee
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What is going on in MIRM research laboratories?
Project One: Novel 3-D Biofabrication Methodologies and Manufacturing for Enhanced
Tissue Regeneration and Implantable Devices
This group aims to integrate state-of-the-art metallic, polymeric, and hybrid (combination of metal and polymer) additive
manufacturing (AM) technologies to establish novel 3D fabrication methodologies to create successful tissue regenerative
platforms and devices. The team has actively been developing three different aspects. The first aspect is focused on
the AM of magnesium-based biodegradable orthopedic devices. To date, we have designed several AM processes and
porous structures to fabricate metallic scaffolds with different pore sizes, mechanical properties, and cell responses to
mimic the bone. We have also investigated hydroxyapatite coating of these structures followed by completed geometrical
and mechanical studies. Finally, we have conducted preliminary fibroblast and neutrophil interaction studies with these
novel, metallic structures. The second aspect is focused on bioresorbable polymer nano-fiber AM for tissue regeneration
templates and medical devices. Thus far, the team has been able to fabricate two novel, three-dimensional, nearfield electrospinning systems (NFES) that provide us the capability of precise production of fibrous three-dimensional
structures in custom shapes replicating different tissues and organs. One system is even modified to conduct such
fiber placement on a cylindrical mandrel for fabrication of products such as vascular prosthetics. Process validation and
produced fiber characterization has been completed. Current work is focused on evaluation of neutrophil response to
the NFES polymer structures. The third aspect is the development of a unique triple polymer bioink to 3D-print scaffolds
for musculoskeletal tissue regeneration. For this study, we have studied cellular compatibility, mechanical, swelling, and
degradation properties, and drug release profiles of systematically varied formulations. The printed hydrogels possess
tunable mechanical properties and have shown a capability of efficient loading and zero-ordered controlled release of
hydrophobic therapeutics. In summary, the results to date are exciting, and we look forward to continued collaboration
and success in achieving our goals.

Project Two: Cell Interactions with
3D Bioprinted Vessels – Basic and
Translational Approaches
Our goal is to study the cell interactions with 3D
bioprinted blood vessels by using a system genetic
tool, BXD mouse strains which is a unique genetic
model that allows the identification of complex genetic
traits regulating a biological response. For this
purpose, the first step is to develop a mouse model
of vascular implantation using stem cell derived 3D
bioprinted blood vessels. We have established the
method of murine adipose tissue derived stem cell
(mADSC) culture, propagation, and the assays to
collect phenotypes such as regenerative potential of
ADSCs. At the same time, we have developed the
mouse model of blood vessel implantation by endto-end anastomosis of infrarenal abdominal aorta of
mice (Fig. 1).

Figure 1. Mouse surgery of vessel graft implantation. Lower
panel shows the blood flow in the implanted graft by ultrasound.
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Figure 2. Prototype of 3D bioprinter (top) and a 3D
bioprinted vessel (bottom), with 1.2mm outer diameter,
and 0.5mm inner diameter.
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This truly unique and new mouse model provides us the
chance of investigating the regulation of regeneration of
bioprinted blood vessels in the BXD mouse strains. In
collaboration with Revotek, the prototype of a 3D bioprinter
for small vessels has been developed and with a generous
charitable grant shipped to Memphis in late June, 2020 (Fig.
2). This 3D bioprinter can print vessels with 1.2 mm outer
diameter and 0.5 mm inner diameter as shown in Figure 2.
This size closely resembles the size of a human coronary
artery. Using the Biosynspherer just arrived to MIRM, we
now have the opportunity to develop customized Bioink for
use of mouse stem cells to create small blood vessels. We
are now working on collecting ADSCs from parent strains of
BXD (C57BL/6J and DBA/2J) and comparing the differences
on cell surface markers, cell proliferation rate, and cell
differentiation potential between strains and sexes. This work
will help us to identify critical gene networks that regulate the
regeneration of blood vessels. This information will provide
novel insights into genetic manipulation and enhancement of
3D bioprinted blood vessels to further increase the success
of implantation into human patients.

Project Three: Stem Cell-Enhanced Tissue Regeneration: Engineering of Vascularized
Bone/Cartilage Graft from Adipose-Derived Stem Cells
The long-range goal of MIRM Project 3 is to re-establish the functional integrity of the OA knee joint, including the
osteochondral interface, using stem cells for regenerative repair in the rodent models of arthritis. A problem for using
mesenchymal stem cells (MSC) for arthritic joint repair is that <1% of the administered cells localize and persist in
target tissues. Investigators in Project 3 have shown that by improving the joint environment, MSC persistence in the
post-traumatic knee joint can be enhanced. In particular mechanical stress stimulates reactive oxygen species (ROS)
which induce tissue inflammation and degradation. Drs. Karen Hasty and Hongsik Cho have shown that intra-articular
injection of the mouse PTOA knee joint with ROS-scavenging poly(propylene sulfide) microspheres improves MSC
half-life in the joint. Dr. Brand has established criteria for quantitative µCT analyses of bone loss in mouse models
by three-dimensional reconstruction, showing that the oral pathogen Porphyromonas gingivalis will cause trabecular
bone loss. This loss contributes to cartilage damage and attraction of inflammatory macrophages producing ROS and
inflammatory cytokines. Dr. Smith has shown activation of macrophages can be modified using raspberry ketones
(RK) decreasing pro-inflammatory cytokines and increasing anti-inflammatory cytokines through M2 macrophage
polarization to facilitate regenerative repair. RK delivered in regeneration membranes may improve outcomes where
excess inflammation impedes regenerative repair. Dr. Miranda has contributed to understanding of transcriptional
factors operative in mesenchymal stem cells in osteoblast differentiation and critical for bone regeneration. A study
of GATA4, a transcriptional factor regulating osteoblast differentiation, in mice where GATA4 was knocked out in
limb bud mesenchyme shows the knock-out MSCs have significant reduction in WNT ligands and WNT signalosome
components. This proves that the mechanism of decreased MSCs is due to loss of GATA4 and a WNT10B-dependent
positive-autoregulatory loop.
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Project Four: Harnessing Hematopoietic and Cancer-Stemlike Cells for
Regenerative Medicine
The laboratory of Gabor Tigyi (UTHSC): Cancer stem-like
cells (CSC) are a unique and small population of cells
within a cancer that can self-renew, invade and also seed
tumor metastasis in distant organs away from the primary
tumor. The Tigyi group has been studying the mechanisms
with which CSC develop resistance to chemo- and
radiation-therapy. This research has identified the key role
of the growth factor-like lipid mediator lysophosphatidic
acid (LPA) in metastasis and therapy resistance. We
have been pursuing a drug discovery research program
aimed at developing inhibitors of the LPA type 2 receptor
(LPAR2) which we identified plays a central role in ovarian

and breast cancer metastasis and therapy resistance.
We found that an LPAR2 inhibitor prototype compound
designated as AM35 is very effective in killing CSC
and enhance the effectiveness when co-applied with
radiation and chemotherapy drugs. We also developed
small molecule inhibitors of the autotaxin enzyme that
generates LPA in carcinoma cells and in the cells of the
tumor microenvironment. Two of our autotaxin inhibitors
designated BMP-22 and BESA-3 have been found to be
particularly effective in blocking the growth of CSC and
metastasis in mouse carcinoma models. (Fig. 3).

Figure 3: LPAR2 and autotaxin inhibition disrupts spheroid formation in 4T1 mouse mammary
carcinoma stem cells. CSCS form spheroids - mini tumors in culture - which were disrupted by
AM35, BMP-22 (ATX inhibitor) or BSEA-3 (mixed ATX/LPA1 inhibitor). Cells were surveyed under
100X magnification (microscopy panels), and spheroids were manually counted, plotted versus
AM35 concentration with nanomolar potency (dose-response panel). Cell viability was determined
using Promega CellTiter Blue reagent as per manufacturer’s instructions. One-factor ANOVA with
Bonferroni’s post-test to determine whether cell viability differed significantly between vehicle and
drug treatment (**=p<0.01, ***=p<0.001; n=3).
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2021 International Experimental Biology and
Medicine Conference (IEBMC): Regenerative
Medicine
In 2013, Dr. Steve Goodman as Editor-in-Chief of the
Journal Experimental Biology and Medicine created the
International Experimental Biology and Medicine Conference
(IEBMC). The concept was to hold yearly conferences on
different important research areas, bringing thought leaders
from around the globe to present as keynote and plenary
speakers. Because of Dr. Goodman’s contacts, as well
as those from other members of Society of Experimental
Biology and Medicine (SEBM) leadership, the conference
has had two Nobel Laureates as keynote lecturers (Dr. Aaron
Ciechanover and Dr. John B. Gurdon), as well as members
of the National Academy of Science. The plenary speakers
are leaders in the field.
The first IEBMC was held in Shanghai China in October
2013 on the subject of cancer research. Each year since,
the meeting is held at another global city and on a new topic.
The picture below shows Dr. Goodman on stage for the
opening of this now historic event. The first meeting had 175
participants and the meeting has grown every year since to
its current 250-300 participants.

8-10, 2021. Dr. Steve Goodman and MIRM will serve as
hosts. This is the first time that IEBMC will be held in the
U.S. and it will bring approximately 300 world leaders in the
field of regenerative medicine to Memphis, TN.

The 2021 IEBMC meeting is pleased to have Hiromitsu
Nakauchi, MD, PhD, Professor of Genetics at Stanford
University as its keynote lecturer. It will also have five plenary
sessions:
Session 1:
		
		

Stem Cell Biology (4 speakers)
Session Leader: Dr. Jian Feng
SUNY Buffalo Medical Center

Session 2:
Organs on a Chip (4 speakers)
		
Session Leader: Dr. John Wikswo
		Vanderbilt University

SEBM has recognized MIRM as a new epicenter for
regenerative medicine in the United States. As a result,
SEBM will be holding the 2021 IEBMC on the subject of
regenerative medicine, in Memphis TN. The 2021 IEBMC
will be a two-and-a-half-day conference held on October

Session 3:
		
		

Organoids (4 speakers)
Session Leader: Dr. Peter Stambrook
University of Cincinnati

Session 4:
		
		
		

Regenerative Medicine and the
Cardiovascular System (4 speakers)
Session Leader: Dr. James Kang
UTHSC and MIRM

Session 5:
		
		

Regenerative Medicine and the Nervous
System (4 speakers)
Session Leader: Dr. Agnes Lou
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Each session will feature speakers from around the globe selected by the session leader. Dr. Goodman has selected the
following MIRM members and Memphians to speak as well: Shannon McKenney-Freeman, St. Jude (Session 1); Gabor
Tigyi, UTHSC (Session 3); James Kang, UTHSC (Session 4); and Michael Dyer, St. Jude (Session 5).
There will be opportunities to submit abstracts, some of which will be selected from platform sessions and others for
poster sessions. This is a great opportunity for graduate students and post-doctoral fellows to present their work in front of
international experts.
IEBMC 2021 is a unique event for us to showcase Memphis and MIRM. Please plan to attend and participate.
We hope that some of the MIRM members will volunteer to be on the local planning committee, led by Steve Goodman,
James Kang, and Gabor Tigyi.

IEBMC

INTERNATIONAL EXPERIMENTAL
BIOLOGY & MEDICINE CONFERENCE

OCTOBER 8-10, 2021 | MEMPHIS, TN
The International Experimental Biology & Medicine Conference
is an international partnership to advance experimental biology and medicine
presented by

MEMPHIS INSTITUTE OF
REGENERATIVE MEDICINE

For more information and to register, visit iebmc.org

NEWSLETTER

SUMMER 2020

Update on MIRM Grant and Gift Proposals
2019/20 MIRM, Memphis Research Consortium (MRC) proposal to the State of Tennessee
This proposal was for $2.5 million for one year, to support the four MIRM Focus Groups ($500,000 each) and competitive
pilot project funds, equipment and operations. Because of the COVID-19 pandemic and a tight state budget this proposal
was not funded. We will discuss with the MRC when to resubmit.

2020/2021 UT Foundation gift request to FedEx
After a meeting between UTHSC Chancellor Steve Schwab, Vice Chancellor for Research Steve Goodman, Vice Chancellor
Love Collins III, Richard Smith (Regional President of the Americas, FedEx) and Shannon Brown (Senior Vice President,
FedEx), UTHSC/MIRM received a generous $25,000in-kind contribution. This contribution allowed us to receive the
Biosynspherer and 3D-Bioprinter that we are leasing from Revotek in China. These essential pieces of equipment for our
MIRM investigators arrived on July 2, 2020 and are being prepared for use on the third floor of the UTHSC Johnson Building.

2020-23 UT Foundation request to FedEx Cares: Delivering for Good
This pending request is for $3.975 million for a three year FedEx award to support the four existing MIRM projects ($2.925
million over three years) and to train a future regenerative medicine workforce and support for the UTHSC BioBusiness
Incubator ($750,000 over three years) and in-kind shipping ($300,000 over three years).

2020-23 DOC EDA CARES ACT grant application
This application, a collaboration between UTHSC and the MRC, will be submitted during the week of July 19, 2020. This
$3,294,241 three year application, with a $1,200,268 match from UTHSC, will support the purchase of the Biosynspherer,
3D Bioprinter and other equipment to establish the Regenerative Medicine Training and Research Core in the UTHSC
Johnson Building; a Shimadzu Micro CT Scan to be located in the UofM Bio-Engineering Department; and a BD FACS ARIA
TM FUSION SORP FLOW CYTOMETER which will be located in the St. Jude Department of Hematology. In addition, grant
funds will support a UTHSC Regenerative Medicine Certificate Program and a Southwest Tennessee Community College/
MIRM Regenerative Medicine Workforce Development Program.
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