
 

Regenerative Medicine From the Lab to the Clinic; 
How Close are we? 

Workshop 25  
Tuesday, August 24 2010, 09:00 – 10:30 

 

Time
  

Time Topic  Speaker 

09:00 09:30 Tissue Engineering and Regenerative Medicine George Christ 

09:30 10:00 Urinary Incontinence: PreClinical Studies for 
Translation 

James Yoo 

10:00 10:30 Role of Strategic Regulatory and Program 
Management in Setting Up Regenerative Program 

Kevin B. Johnson 

10:30     Conclude  

 
Aims of course/workshop 
To bring an understanding to the audience about what regenerative medicine is; where the 
lab and clinical fields of stem cell world come together and how to navigate the regulatory 
and organizational challenges. 
 
Educational Objectives  
Participants will be able to have a basic understanding of regenerative medicine and its 
application in current urology 
……. Will have an understanding of cell growth and how cell therapy may help restore 
function to urologic conditions 
……. Will identify and recognize obstacles and paths to successful implementation of a 
regenerative program  
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Institute for Regenerative Medicine

Tissue Engineering and Regenerative 
Medicine Approaches for Bladder Repair 

and Replacement

The Research Park

Institute for Regenerative Medicine2 Institute for Regenerative Medicine

Located in the Dean 
Building in the Piedmont 
Triad Research Park in 
Downtown Winston Salem.

What is Regenerative Medicine?

• Repair and replacement of damaged cells, organs or 
tissues

Institute for Regenerative MedicineInstitute for Regenerative Medicine

Cell Types Grown 

Trachea
Kidney
Esophagus
Bladder

Bone
Breast
Lung
Retina
Ut

Institute for Regenerative Medicine4 Institute for Regenerative Medicine9

Sm/Sk Muscle
Cartilage
Urethra
Vessels
Salivary glands

Uterus
Heart
Nerve
Liver
Pancreas

Biomaterials Manufactured

Collagen

Poly-glycolic acid

Poly-lactic acid

Polylactic-co-glycolic 
acid

Apatites

Institute for Regenerative Medicine5 Institute for Regenerative Medicine10

Poly-lactic acid

Hydrogels
Calcium Phosphate

Keratins

Unwoven, Woven, Electrospinning, Printing

Regenerative Medicine/Tissue Engineering

Cell/Developmental
Biology

Engineering

Biological Substitute

Controlled 
Drug Delivery

Physiology

Institute for Regenerative MedicineInstitute for Regenerative Medicine

Materials Science

Surgery
Biological Substitute
or
Biomimetics

Nanotechnology

Molecular 
Genetics

Pharmacology
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Tissue Engineering Approaches

Cells alone

Institute for Regenerative MedicineInstitute for Regenerative Medicine

Matrix alone

Matrix + cells

Engineered Neobladder Process

Institute for Regenerative MedicineSet this text with view/header footer 8

Bladder tissue 
biopsy

Bladder cells are isolated and 
expanded

3-D CT images are obtained for bladder 
scaffold design

Tissue Engineering for the Human 
Bladder

Institute for Regenerative Medicine

Scaffold is seeded with 
cells

Bladder reconstruction

Bladder shaped scaffold is 
constructed

Pre-Op

P O

Capacity: 200 ml

A Functional Neoresevoir

Institute for Regenerative Medicine

Post-Op

Capacity: 700 ml

Urothelial cells

Smooth Muscle 
Cells

Scaffold

Atala, Bauer, Soker, Yoo And Retik, Lancet, 
2006

Volume and compliance 
increased …

However there is still 
room for improvement 
and…

All patients were 19 years 

Institute for Regenerative Medicine11

Bioreactor

Implanted 
Bladder

Radiographic Image of Bladder 
Implanted in Patient

old or younger

THE FEASIBILITY OF PREPARING AN IDEAL SUBSTITUTE FOR
THE URINARY BLADDER 

Hunterian Lecture delivered at the Royal College of Surgeons of England
on

21st May 1964
by

John P. Blandy, D.M., M.Ch., F.R.C.S.
Consultant Surgeon, The London Hospital

The Long History of Bladder 
Regeneration

Institute for Regenerative Medicine

“For example, it has been known for many years that one may remove the
whole of the bladder in lower mammals, anastomosing the ureters to the
urethra, and a serviceable new reservoir will form in time (Schwarz, 1891;
Aglietti et al., 1961; Kazon, 1963). It seemed not unreasonable to hope that
the same thing would happen in man, especially when partial cystectomy,
sparing only the trigone, was often followed by restoration of bladder
capacity (Fenwick, 1911). It was not even necessary to close up the stump
of bladder which was left: it could simply be drained, and in time the
bladder would regenerate; an accidental finding (Sisk and Neu, 1939)
which has recently been used deliberately (Liang, 1962; Tucci and
Haralambidis, 1963).”
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Limb Regeneration in Salamanders:
Applications to Urology

Institute for Regenerative Medicine

Susan Bryant

Limb Regeneration in Salamanders: 
Applications to Urology

Institute for Regenerative Medicine

http://www.hhmi.org/biointeractive/stemcells/animations.html

Bladder bodyBladder body

The Model: Subtotal Cystectomy or Removal 
of 60-70% of the bladder

Institute for Regenerative Medicine

Bladder baseBladder base

UrethraUrethra

TrigoneTrigone

Imaging Bladder Regeneration

Institute for Regenerative Medicine16

De novo regeneration

Images of rat bladder 
before, and 1, 2 ,4 and 
8 weeks post-STC
Courtesy of : Josh 

Institute for Regenerative Medicine

y
Tan, Kerry Link and 
CBI

3D Model of Bladder Regeneration

Institute for Regenerative Medicine18
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Multidisciplinary studies of bladder 
regeneration in vivo

Institute for Regenerative Medicine

2 weeks-post STC

SUTURE

URETERS

CATHETER

Institute for Regenerative Medicine

URETHRA

In vivo function
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Bcap- 0.46± 0.03mL

MP- 37.05 ± 3.36 cmH2O

Bcap- 0.85± 0.08mL

Bcap 
(mL)

MV 
(mL)

RV 
(mL)

BP 
(cm H2O)

TP 
(cm H2O)

MP 
(cm H2O)

Controls
n=16

0.96 ± .05 0.90 ± .05 0.05 ±
01

12.92 ± 0.89 28.1 ± 1.7 49.2 ± 3.7

Average cystometric parameter estimates

Urodynamic Evaluation

Institute for Regenerative MedicineSet this text with view/header footer 22

n=16 .01

2 weeks 
n=10

0.46 ± .02 
*

0.42 ±
.03*

0.05 ±
.02

11.17 ± 2.48 22.36 ±
3.7

30.5 ±
5.9*

4 weeks 
n=9

0.72 ± .05* 0.67 ±
0.1*

0.06 ±
.03

14.01 ± 2.64 27.1 ±
3.28 

38.2 ± 5.0

8 weeks 
n=8

0.82 ± .09 0.69 ± .1* 0.10 ±
.04

10.61 ± 1.27 26.74 ±
2.5

37.3 ± 3.3

In vitro function
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Histology

• Qualitatively all layers of normal bladder are present

Native 8 weeks post-STC

H&E

Urothelium

Institute for Regenerative Medicine

H&E
10x

100µM

Lamina 
Propria

Detrusor
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MRI Scans

• One cohort of animals was followed up to 8 weeks 
post-STC with microMRI scans

Pre-STC

Institute for Regenerative Medicine

4 weeks Post-STC

MRI Scans

**
**

**
*

Institute for Regenerative Medicine

Each timepoint significantly smaller 
than control. **- P<0.001, *-P<0.01

Innervation & Uroplakins

The neuron specific protein PGP9.5 is a ubiquitin carboxyl-
terminal hydrolase (40X mag 4 weeks post STC)

Institute for Regenerative Medicine

terminal hydrolase (40X mag., 4 weeks post-STC)

Control              1 week                 4 weeks

Proliferation or stretching?

• Immunostaining for Proliferating Cell Nuclear Antigen 
(PCNA) clearly shows proliferating cells

Control 1 week

Institute for Regenerative Medicine

2 weeks 4 weeks

50µM

C-kit staining is also enhanced

Control tissue         2 weeks post-STC       4 weeks post STC      8 weeks post STC

Presence of Progenitor cells in the 
Detrusor Wall

Institute for Regenerative Medicine29

Smooth muscle IHC

POS. Control NEG. Control

α-SMA

Institute for Regenerative Medicine

Desmin

MHC
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Smooth muscle IHC

1 WEEK 2 WEEKS 4 WEEKS 8 WEEKS

BASE/ 
DOME

A B C A B C A B C A B C

SMA +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+

Institute for Regenerative Medicine

DES +/+ +/- +/- +/+ +/+ +/- +/+ +/+ +/+ +/+ +/+ +/+

MHC -/- -/- -/- -/- +/- +/- -/- +/- +/+ +/+ +/+ +/+

The Effects of Age on Bladder
Regeneration

Bladder Capacity

0.25

0.50

0.75

1.00
3 month old animals
1 year old animals

**

*

m
L

Older animals have significantly 
smaller bladder capacities. **-
P<0.01, *- P<0.05

Institute for Regenerative Medicine

2 weeks 4 weeks 8 weeks
0.00

Micturition Pressure

2 weeks 4 weeks 8 weeks
0

5

10

15

20

25

30

35

40

45
3 month old animals
1 Year old animals

cm
H

2O

Age has significant effect on 
MP as determined by 2 way 
ANOVA, P=0.038

New Tchnologies: POGs and 
ADSCs

Hypothesis:

Addition of oxygen and/or stem cells may lead to more 
complete therapy in the presence of age- or disease-

related decreases in regenerative capacity

To test this we will use an 8% PGA scaffold as a delivery

Institute for Regenerative Medicine

To test this we will use an 8% PGA scaffold as a delivery 
system for Particulate Oxygen Generators (POGs) 

and/or Adipose Derived Stem Cells (ADSCs)

Oxygen Diffusion

Conventional 
3-D scaffold

Cell 
necrosis

OO22 OO22

Institute for Regenerative Medicine

Limited oxygen and Limited oxygen and 
nutrientnutrient diffusiondiffusion

OO22
OO22

Sufficient oxygen and Sufficient oxygen and 
nutrient diffusionnutrient diffusion

Diffusion of oxygen is limited to ~100 Diffusion of oxygen is limited to ~100 μμm in tissue.m in tissue.

Particulate Oxygen Generator

Cell
O2

POGPOG

Oxygen Generating ElementOxygen Generating Element

Barrier CoatingsBarrier Coatings

Institute for Regenerative Medicine

Cell

POG POG POG POG POG POG POG

Polymer

Polymer

Injectable Injectable 
gelsgels

Printable MicroPrintable Micro--beadsbeadsAerosolsAerosols

Benefits of Sustained Oxygen

•Improved cell viability in vitro
•Greater potential for tissue salvage
•Improved cell viability and greater cell penetration in vivo

Institute for Regenerative Medicine
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POGs

• Approx. 10-25 μm in diameter

• Decompose to oxygen in presence of water

• Oxygen Generating Element Calcium Peroxide 
(CPO) decomposes to hydrogen peroxide

• 2 H2O2 → 2 H2O + O2

Institute for Regenerative Medicine

2 H2O2  2 H2O  O2

Oxygen 
Generating 
Element

Barrier 
Coatings

POG

ADSC isolation

Harvest visceral 
adipose tissue

Wash, digest, strain and spin

Resuspend and plate
in DMEM/F12 with
10%FBS, 1% P/S

Institute for Regenerative Medicine

,

Grow and 
characterize cells
with FACS

Seeded Scaffold

No ADSCs ADSCs

Institute for Regenerative Medicine

Surgery

Bladder isolated

Bladder stretched to 

d t i t

Institute for Regenerative Medicine

determine geometry

Cystectomy performed

POG implanted

Scaffold with or without 
ADSCs and POGs

Institute for Regenerative Medicine

* *

SUMMARY

• ADSCs and POGs in young animals had no adverse 
effects

• Scaffolds dissolved by 2 weeks

• Cystometric Parameters (ie. Bladder Capacity, 
Residual Volume, Micturition Pressure) were the same 
as cystectomy alone

Institute for Regenerative Medicine

as cystectomy alone

• Aged animals show normalization by the 4 week time 
point
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The Early Years

Institute for Regenerative Medicine

Fall Retreat 2006
Asheville, North Carolina 

Institute for Regenerative Medicine

Wake Forest Institute for Regenerative Medicine

2008

2009

Institute for Regenerative Medicine
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Urinary Incontinence: Preclinical Studies 
for Translation

Regenerative Medicine: Lab to the Clinic
How Close are we?

Wake Forest Institute for REGENERATIVE MEDICINE 

Wake Forest Institute for Regenerative Medicine and 
Department of Urology

Wake Forest University Health Sciences
Winston-Salem, NC, USA

James J. Yoo

PatientCell Scaffold

Tissue Engineering & Regenerative Medicine: 
Strategy for Clinical Translation

Wake Forest Institute for REGENERATIVE MEDICINE 

Urinary Incontinence

• Bladder Pressure >> Sphincter Pressure

• Sphincter Insufficiency:
Myofiber loss, Dennervation, Hormonal Changes

• Treatment Options:

Wake Forest Institute for REGENERATIVE MEDICINE 

No current treatment is able to functionally 
restore the damaged sphincter muscle !

• Treatment Options:
Surgery: Sling operations
Injection Therapy: Bulking agents

Objectives

• To determine whether regenerative 
medicine approaches could provide a 
solution for urinary incontinence

• To determine whether muscle cell therapy 

Wake Forest Institute for REGENERATIVE MEDICINE 

py
could restore damaged sphincter function 
in preclinical models

• The achieve a refined muscle cell therapy 
system that would facilitate a rapid 
clinical translation

Regenerative Medicine Approach

Wake Forest Institute for REGENERATIVE MEDICINE 

1. Biopsy of leg muscle

2. Expand in tissue culture

3. Inject in damaged sphincter region 

Muscle Precursor Cells (MPC)

• Pool of satellite cells (SC): Heterogeneous

• Cultured cells that express muscle specific 
markers

Abilit t f t b

Wake Forest Institute for REGENERATIVE MEDICINE 

– Ability to form new myotubes

– Long term survival

– Formation of new motor units 

– Growth arrest after maturation into myofibers 
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Muscle Precursor Cells (MPC)

Single myofiber    Satellite cells        Desmin (+) Nerve Ending

Wake Forest Institute for REGENERATIVE MEDICINE 

Myotube         Actinin-2 (+)     lac-z marker 

(Day 2)

(Day 7)

Synaptophysin

Delivery of MPC into Sphincter Region

Wake Forest Institute for REGENERATIVE MEDICINE 

Day 5 Day 30

lac-z 

Sphincter Injury

H & E, Day 67

Irreversible destruction of myofibers and their nerve endings 
by electrocautery in rats

Muscle Regeneration with Motor Unit 
Formation after MPC Injection

lac-z pgp9.5lac-z

Wake Forest Institute for REGENERATIVE MEDICINE 

lac-z

Day 5

Day 30

pgp9.5
bungarotoxin

Actinin-2

Large: Regenerated Myotubes
Small: Native Myotubes

Total Number of Motor Units 
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Applicability Testing (canine)

Wake Forest Institute for REGENERATIVE MEDICINE 

1. Biopsy of leg muscle

2. Expand in tissue culture

3. Inject in damaged sphincter 
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Sphincter Insufficiency Model

Wake Forest Institute for REGENERATIVE MEDICINE 

Sphincter Insufficiency Model
Normal 4 Months 7 Months

Wake Forest Institute for REGENERATIVE MEDICINE 

Study Design

Wake Forest Institute for REGENERATIVE MEDICINE 

Normal                              Damage                     InjectionNormal                              Damage                     Injection
with cellswith cells

Survival and Maturation

Wake Forest Institute for REGENERATIVE MEDICINE 

Cell survival
PHK 26 1m MPC

Trichrome 
50x 1m MPC

PKH 26 1m MPC 
clusters

50 µm 100 µm 2 mm

Functional Assessment

Wake Forest Institute for REGENERATIVE MEDICINE 

Nerve Stimulation

Wake Forest Institute for REGENERATIVE MEDICINE 

Pudendal Nerve
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Sphincter Muscle 

H&EH&E

H&E

Wake Forest Institute for REGENERATIVE MEDICINE 

H&EH&E

Bar = 200 µm 

PGP 9.5

Desmin

X-ray Imaging of the Sphincter

Wake Forest Institute for REGENERATIVE MEDICINE 

Normal Damaged 6m   Damaged +MPC 6m

CT Evaluation

Wake Forest Institute for REGENERATIVE MEDICINE 

Damaged + MPC injected Damaged  

Culture Conditions

Collagen Laminin Fibronectin Plastic

Wake Forest Institute for REGENERATIVE MEDICINE 

Matrigel

Conditions for Fiber Formation
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Culture Media for Human MPC

DMEM 20% FBS

Cultured Human Muscle

Wake Forest Institute for REGENERATIVE MEDICINE 

DMEM 20% FBS, 
No Matrigel

New Medium 
No Matrigel

Growth Factors: bFGF, EGF, Insulin,      
Dexamethasone

Human MPC Characterization 

Wake Forest Institute for REGENERATIVE MEDICINE 

Passage 2Passage 2
Fluorescence

# 
C

o
u
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t
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Induction of Human Muscle Fibers

Subculture #1 Subculture #2 Subculture #3

Wake Forest Institute for REGENERATIVE MEDICINE 

Desmin + MyoD Antibodies

Fiber Formation 

Collagen Matrigel

Wake Forest Institute for REGENERATIVE MEDICINE 

Autologous muscle precursor cells are 
able to restore otherwise irreversibly 
damaged sphincter function in preclinical 
models

The injected cells are able to survive and 
f t ti ithi th d d

Wake Forest Institute for REGENERATIVE MEDICINE 

form mature tissue within the damaged 
sphincter region

The refined culture system for human 
muscle cells may facilitate a rapid clinical 
translation

Mission: Laboratory to the Bedside

Wake Forest Institute for REGENERATIVE MEDICINE 

Scientific

Commercialization

Regulatory

Wake Forest Institute for 
Regenerative Medicine

Wake Forest Institute for REGENERATIVE MEDICINE 

Special Thanks to: Rene Yiou and Daniel Eberli

This work was made possible, in part, by grants 
from the following institutions:

NIH: NIDDK
NIH: HLI
Department of Defense (AFIRM, OTRP)
Department of Energy
National Kidney Foundation
Muscular Dystrophy Association
The Crown Foundation

Wake Forest Institute for REGENERATIVE MEDICINE 

The Crown Foundation
The Frase Foundation
The Nakos Foundation
JDRF
Musculoskeletal Transplant Foundation
Tengion, Inc
Plureon
Stovall, Inc
CryoCell
AugmentRx
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Role of Strategic Regulatory and Program 
Management in the Clinical Translation of 

Regenerative Medicine Technologies

Kevin B. Johnson, PhD MBA

Director of Regulatory Affairs
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WFIRM Mission

Improve patients lives by developing
regenerative medicine therapies 

and support technologies
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Organized for Innovation

Multi-Disciplinary and Cross-Functional Core Programs

Molecular 

Biology

Cell 

Biology
Physiology Pharmacology

Molecular 

Genetics

Biomaterials Nanotech Bioprinting Bioreactors
Tissue

Analysis

Process 

Development and 

Preclinical

GMP /GTP

Manufacturing

Translational and

Commercialization 

Services
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Wake Forest 
Institute 

for 
Regenerative 

Medicine

Support Infrastructure

Business 

Development

Intellectual 

Property

Government 

Affairs

External 

Affairs

Research 

Affairs

Dept. of 

Defense 

Affairs

Financial 

Affairs

Regulatory 

Affairs

Production 

Management

Development 

& 

Philanthropy
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Organizational Evolution

• Academic / Research mindset
• Smaller scale

• Exploratory and mechanism-focused science

• Incremental, sequential, ‘just fast enough’

• Science for science sake; ‘pure’

• Regulatory requirements less of a focus (if at all)

• Goal: publish and get grants

• Development / Translational mindset
• Product consistency, scaled manufacturing

• Focused, pragmatic and streamlined science

• Equipment, reagent, other choices critical

• Regulatory requirements critical

• Goal: Reproducibly manufacture solutions for patients

5
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Project Development Teams

6

Principal 
Investigator 

(PI)
and Research 

Team

Business 

Development

Intellectual 

Property

Regulatory 

Affairs

Preclinical 

Development

Program and 

Project 

Management

GMP/GTP

Manufacturing

Process 

Development 

and 

Optimization Clinical 

Development



Institute for Regenerative Medicine

Strategic Regulatory Affairs

• “Begin with the end in mind”

• Regulatory not just rules and regulations; 
helps build the body of evidence

• Building the case, the messages, the 
story for FDA

• Clinical safety and efficacy endpoints 
mirrored by preclinical studies/results

7
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Strategic Regulatory Affairs

• Documentation, documentation, 
documentation…

• Regulatory environment and precedents 
change over time

• Early regulatory consultation and 
integration within project team is key to 
successful development

• Saves time, effort and $$

8
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FDA Interactions for Regenerative Medicine 
Development Projects

9
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Development Mgmt Tools

• Portfolio Management
• Target Product Profile (TPP)

• Stage-gate decision process (Go/No Go)

• Timeline and budget management

• Program and Project Risk Assessment

• Financial analysis (not yet…)

• Program / Project Management 
• Microsoft Project

• Development Team meetings

• Educational programs
• Regulatory Compliance and Submissions

• Intellectual Property

• Commercialization

• Fundraising and Business Development

10
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