Stem Cell Treatments

David A. Prentice, Ph.D.

Family Research Council and John Paul Il Institute of the Catholic University of America
Washington, D.C., USA



Biology of Blood and Marrow Transplantation 14:316-322 (2008)

@ 2008 American Society for Blood and Marrow Transplantation
1083-8791/08/1403-0001%32.00/0 A S B MI
doi: 10.1016/j.bbmt.2007.12.493 American Society for Blood

and Marrow Transpiantaﬁm

Lifetime Probabilities of Hematopoietic Stem Cell
Transplantation in the U.S.

7. 7. Nietfeld," Marcelo C. Pasquini,” Brent R. Logan,” Frances Verter,” Mary M. Horowitz"

' Department of Pathology, University Medical Center Utrecht (UMCU), Utrecht, The Netherlands; 2 Center for
Internatonal Blood and Marrow Transplant Research (CIBMTR), Department of Medicine, Medical College of
Wisconsin, Milwaukee, WI; and * Parent’s Guide to Cord Blood Foundation, Web site: Parents GuideCordBlood.org

Correspondence and reprint requests: Mary M. Horowitz, MD, MS, Center for International Blood and Marrow
Transplant Research, Medical College of Wisconsin, 8701 Watertown Plank Road, Milwaukee, W1 53226 (e-mail:
marymh@mew.edu).

Received July 12, 2007; accepted December 24, 2007

ABSTRACT

Healthcare policies regarding hematopoietic stem cell transplantation (HSC'T) must address the need for the
procedure as well as the availability of stem cell sources: bone marrow, peripheral blood, or umbilical cord blood
(UCB). However, data with respect to the lifetime probability of undergoing HSC'T are lacking. This study was
undertaken to estimate the latter probability in the United States (U.S.), depending on age, sex, and race. We
used data from the Center for International Blood and Marrow Transplant Research, the U.S. Surveillance,
Epidemiology and End Results Program, and the U.S. Census Bureau and calculated probabilities as cumulative
incidences. Several scenarios were considered: assuming current indications for autologous and allogeneic
HSCT, assuming universal donor availability, and assuming broadening of HSC'T use in hematologic malignan-
cies. Incidences of diseases treated with HSCT and of HSC'T's performed increase with age, rising strongly after
age 40. Amongindividuals older than 40, incidences are higher for men than forwomen. The lifetime probabilites
of undergoing HSC'T range from 0.23% to 0.98% under the various scenarios. We conclude that, given current
indications, the lifetime probability of undergoing autologous orallogeneic HSCT is much higher than previously
reported by others and could rise even higher with increases in donor availability and HSCT applicability.
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A report by the International Society for Stem Cell Research (ISSCR)’s Task Force on Unproven Stem Cell
Treatments outlines development of resources for patients, their families, and physicians seeking informa-
tion on stem cell treatments.
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Rank Status Study

1 Recruiting Standard vs High-Dose Trivalent Inactivated Flu Vaccine in Adult Hematopoetic Stem Cell Transplant (HSCT) Recipients
Condition:  Adult Stern Cell Hematopoetic Transplant
Interventions:  Biological: High-Dose Trivalent Inactivated Influenza Waccine (HD-TIV);, Biological: Standard Dose Trivalent Inactivated Flu Vaccine

2 Unknown T Stem Cells for Treating Critical Ischemia

Conditions:  Critical Limb Ischermia; lschemic Ulcers
Intervention:  Procedure: stemn cells transplant

3 Recruiting  Autologous Stem Cell Transplant Followed By Donor Stem Cell Transplant In Treating Patients With Relapsed or Refractory Lymphoma
Conditions:  Adult MNasal Type Extranodal MK/T-cell Lymphoma;  Anaplastic Large Cell Lymphoma;  Angioimmunaoblastic T-cell Lymphoma;  Burkitt Lymphoma;  Extranodal Marginal Zone B-cell

Lymphoma of Mucosa-associated Lymphoid Tissue; Modal Marginal Zone B-cell Lymphoma;  Prolymphocytic Leukemia; Recurrent Adult Burkitt Lymphoma;
Recurrent Adult Diffuse Large Cell Lyrmphoma; Recurrent Adult Diffuse Mixed Cell Lymphoma; Recurrent Adult Diffuse Small Cleaved Cell Lymphoma;  Recurrent Adult Grade Il
Lymphomatoid Granulomatosis; Recurrent Adult Hodgkin Lymphoma;  Recurrent Adult Immunaoblastic Large Cell Lymphoma;  Recurrent Adult Lymphoblastic Lymphoma;
Recurrent Adult T-cell Leukemia/Lymphoma; Recurrent Childhood Grade Il Lymphomatoid Granulomatosis;  Recurrent Childhood Large Cell Lymphoma;
Recurrent Childhood Lymphoblastic Lymphoma,  Recurrent Childhood Small Moncleaved Cell Lymphoma;  Recurrent Cutaneous T-cell Non-Hodgkin Lymphorma;
Recurrent Grade 1 Follicular Lymphoma;  Recurrent Grade 2 Follicular Lymphoma;  Recurrent Grade 3 Follicular Lymphoma;  Recurrent Mantle Cell Lymphoma;
Recurrent Marginal Zone Lymphoma; Recurrent Mycosis Fungoides/Sezary Syndrome;  Recurrent Small Lymphocytic Lymphoma;  Recurrent/Refractory Childhood Hodgkin Lymphoma;
Refractary Chronic Lymphocytic Leukernia;  Splenic Marginal Zone Lymphoma;  Waldenstrom Macroglobulinermia

Interventions:  Procedure: peripheral blood stem cell transplantation;  Drug: cyclophosphamide;  Radiation: total-body irradiation; Drug: carmustine;  Drug: etoposide; Drug: cytarabine; Drug: melphalan;

Procedure: nonmyeloablative allogeneic hematopoietic stem cell transplantation;  Drug: fludarabine phosphate; Drug: mycophenalate mofetil;  Drug: cyclosporing;  Procedure: autologous

hernatopoietic stem cell transplantation;  Biological: therapeutic autologous lymphocytes

4 Completed Trial of Allogeneic Stem Cell Transplants From HLA Compatible, Related and Unrelated Donors After a Myeloablative Preparative Regimen With Hyperfractionated TBI, Thiotepa and Fludarabine For

Adult Patients With Lymphohematopaoietic Disorders
Conditions:  Allogeneic Stem Cell Transplant, Leukermia; Mon-Hodgking,  Lymphoblastic Lymphoma;  Myelodysplastic Syndrome;  Paroxysmal Nocturnal Hemoglobinaria (PRH)

Intervention:  Drug: cytoreductive regimen followed by a CD34+E- selected allogeneic stem cell transplant

5 Recruiting CD34+Selection for Partially Matched Family or Matched Unrelated Adult Donor Transplant

Conditions:  Leukermis; Lymphoma;  Bone Marrow Failure;  Irmmuonodeficiencies;  Histiooytosis
Interventions:  Drug: Full Intensity with TBI, Drug: Full Intensity, Drug: Reduced Intensity, Drug: Reduced Intensity (Fanconi)

6 Recruiting lmmune Response After Stem Cell Transplant in HIV-Positive Patients With Hematologic Cancer
Conditions:  Accelerated Phase Chronic Myelogenous Leukemia;  Adult Acute Lymphoblastic Leukemia in Remission;  Adult Acute Myeloid Leukemia in Remission; v




Figure 1. Global Distribution of Hematopoietic Stem Cell Transplantations (HSCTs) in 2006
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Regions are colored by World Health Crganization regional office code (see text) (http://www who.int/about/regions/en/). Transplant rates indicate the number of
first HSCTs per 10 million inhabitants in 2006 and are allogeneic and autologous by continental region.
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adult stem cells for multiple myeloma.



Cord blood stem cells help meet minority
marrow needs
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Nathan Mumford was able to find an adult stem cell match to treat his
leukemia with cord blood.




Rep. Chris Smith & Rep. Artur Davis, with Julius Erving (“Dr. J”) and
patients successfully treated with umbilical cord blood stem cells.



Long-term results of related myeloablative stem-cell transplantation to cure
sickle cell disease
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“Hematopoietic stem cell
transplantation (HSCT) is the
only curative therapy for
sickle cell disease.”

Joseph Davis fumilyk

Sickle Cell Anemia
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Method for autologous single skin cell isolation for
regenerative cell spray transplantation with
non-cultured cells
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Case report

Autologous skin cell spray-transplantation for a deep dermal
burn patient in an ambulant treatment room setting
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Tissue-engineered autologous bladders for patients needing
cystoplasty
Anthony Atalg, Stuart B Bauer, Shay Soker, James | Yoo, Alan B Retik

Summary

Background Patients with end-stage bladder disease can be treated with cystoplasty using gastrointestinal segments. The
presence of such segments in the urinary tract has been associated with many complications. We explored an alternative
approach using autologous engineered bladder tissues for reconstruction.

Methods Seven patients with myelomeningocele, aged 4-19 years, with high-pressure or poorly compliant bladders, were
identified as candidates for cystoplasty. A bladder biopsy was obtained from each patient. Urothelial and muscle cells
were grown in culture, and seeded on a biodegradable bladder-shaped scaffold made of collagen, or a composite of
collagen and polyglycolic acid. About 7 weeks after the biopsy, the autologous engineered bladder constructs were used
for reconstruction and implanted either with or without an omental wrap. Serial urodynamics, cystograms, ultrasounds,
bladder biopsies, and serum analyses were done.

Results Follow-up range was 22-61 months (mean 46 months). Post-operatively, the mean bladder leak point pressure
decrease at capacity, and the volume and compliance increase was greatest in the composite engineered bladders with an
omental wrap (56%, 1- 58-fold, and 2. 79-fold, respectively). Bowel function returned promptly after surgery. No metabolic
consequences were noted, urinary calculi did not form, mucus production was normal, and renal function was preserved.
The engineered bladder biopsies showed an adequate structural architecture and phenotype.

Conclusions Engineered bladder tissues, created with autologous cells seeded on collagen-polyglycolic acid scaffolds, and
wrapped in omentum after implantation, can be used in patients who need cystoplasty.

Lancet 2006; 367: 1241-46
Published Online

April 4, 2006
DO1:10.1016/50140-
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Kaitlyn McNamara had a new
functional bladder constructed
from her own adult stem cells.




Jaw regrown with adult bone
marrow stem cells.

Skull bone grown for 7-year-old girl
using adult stem cells from fat.
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Therapeutic Microinjection of Autologous Adult Human Neural Stem
Cells and Differentiated Neurons for Parkinson's Disease: Five-Year
Post-Operative Outcome

Michel F. Lévesque
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'Ucr4 school of Medicine and Brain Research Institute, UCLA, Los Angeles, California, USA; *Movement Disorders
Program, Los Angeles Neurosurgical Institute, Los Angeles, California, USA,; *Neural Transplantation and Molecular
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western University, Chicago, Illinois, USA

Abstract: Object. Neural stem cell-derived neurons offer new cellular therapeutic alternatives for diseases of the central
nervous system. Selectrve neural repair can be particularly valuable in progressive degenerative diseases with discrete cell
loss, like Parkmson's disease. Some benefits were previously demonstrated following transplantation of fetal embryonic
tissue. This approach, however, carries inherent risks of immunological reactions, infectious transmission, and intractable
dyskinesias, in addition to serious ethical concems.

Methods. Cortical and subcortical tissue samples were obtained during neurosurgical procedures. Neural stem cells were
1solated and expanded in vitre for several months. Safety, differentiation and functional studies were performed during the
expansion phases. Nine months after harvesting. autologous cell suspensions containing differentiated dopamnergic and
GABAergic neurons were microinjected unilaterally m a patient with advanced Parkinson’s disease. 18F-dopa PET stud-
1es and neurological evaluations were performed senally (pre/post-operatively).

Results. Over the next 36 months, the overall Unified Parkinson’s Disease Rating Scale (UPDRS) improved by 81% while
“on” medication and 83% while “off” medication. At five-years post-operatively, clinical motor scores returned to base-
line. At three and twelve months post-operatively, 18F-dopa PET studies showed a 55.6% and 33.2% increase mn dopa-
mine uptake m the implanted left putamen.

Conclusions. Adult neural stem cells derived from a patient's cerebral tissue can become a source of differentiated neu-
rons, useful for grafting in the treatment of Parkinson's disease. The combined GABAergic and dopaminergic cells pro-
duced a long lasting motor improvement. This approach has the potential to make neural stem cell therapy acceptable and
available to a large number of patients.

Dennis Turner.
Treated for Parkinson’s with
his own brain adult stem cells.



Intravenous Autologous Bone Marrow
Mononuclear Cells for Ischemic Stroke

Sean I. Savitz, MD," Vivek Misra, MD," Mallik Kasam, PhD," Harrinder Juneja, MD,?
Charles S. Cox, Jr, MD,? Susan Alderman, RN, Imo Aisiku, MD," Siddhartha Kar, MD,’
Adrian Gee, PhD,* and James C. Grotta, MD'

Objective: Cellular therapy is an investigational approach for stroke. Mononuclear cells (MNCs) from the bone
marrow reduce neurological deficits in animal stroke models. We determined if autologous MNC infusion was
feasible and safe in patients with ischemic stroke.
Methods: We conducted an open-label prospective study of a bone marrow harvest followed by readministration of
autologous MNCs in 10 patients, 18 to 80 years old, with acute middle cerebral artery ischemic stroke. Bone marrow
was aspirated from the iliac crest, and MNCs were separated at a Good Manufacturing Practices facility and
administered intravenously up to a maximum of 10 million cells/kg. The harvest and infusion had to occur between
24 and 72 hours after stroke. Patients were monitored for 6 months.
Results: Bone marrow aspiration was successfully completed in all patients. Eight received 10 million cells/kg, and 2
received >7 million cells’kg. There were no significant adverse events related to harvest or infusion. Two patients
had infarct expansion between enrollment and harvest and underwent hemicraniectomy after cell infusion. One
patient died at 40 days due to a pulmonary embolism related to the stroke. There were no study-related severe
adverse events. Median National Institutes of Health Stroke Scale score was 13 before harvest, 8 at 7 days, and 3 at
6 months. At 6 months, all surviving patients had shifted down by at least 1 point on the modified Rankin Scale
compared to day 7. Seven of 10 patients achieved a Barthel Index >90.
Interpretation: This study suggests that a bone marrow harvest and reinfusion of autologous MNCs were safe and
feasible in acute stroke patients.

ANN NEUROL 2011;70:59-69

New stem cell treatment lets man speak

Roland Henrich suffered a stroke and was treated within 24 hours with
his own bone marrow adult stem cells. Within 11 days after treatment he
showed no signs of paralysis and said his first word since the stroke.
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Silvio Folegnani

Complete Quadriplegic
Spinal Cord Injury
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Autologous peripheral blood CD133 + cell implantation for limb salvage
in patients with critical limb ischemia

RK Burt', A Testori!, Y Oyama', HE Rodriguez®, K Yaung', M Villa', JM Bucha', F Milanetti',
J Shechan®, N Rajamannan®® and WH Pearce”
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We report the safety and feasibility of autologous
CD133 + cell implantation into the lower extremity
muscles of patients with critical limb ischemia, whose
only other option was limb amputation. Nine patients
participated in the study: seven patients suffering from
arteriosclerosis obliterans, one with thromboangiitis ob-

Introduction

Initial presentation of peripheral arterial disease (PAD) is
intermittent claudication with pain in the calf, thigh or
buttock that is elicited by exertion and relieved with a few
minutes of rest. Over time, the disease progresses to critical

Helen Thomas, 80, was treated
for peripheral artery disease
with her own adult stem cells.
The transplant saved her leg
from amputation.




European Journal of Heart Failure (2010) 12, 721-729
EUROPEAN doi:10.1093/eurjhf/hfq095

SOCIETY OF
CARDIOLOGY

The acute and long-term effects of intracoronary
Stem cell Transplantation in 191 patients with
chronic heARt failure: the STAR-heart study
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Doug Rice

Congestive Heart Failure
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What if you cotld do this aftera heart attack?

e A 1 i v

ATLANTA — Emory University physicians are
revolutionizing heart care by using a patient’s own
stem cells to restore damaged heart muscle after a
heart attack. It's one of hundreds of treatments
developed at Emory, where doctors don't just
practice medicine, they advance it. For more
information, visit www.emoryheart.org.

« EMORYHEALTHCARE 5,
S EMORY HEART & VASCULAR CENTER
Advancing the Possibilities AT EMORY UNIVERSITY HOSPITAL MIDTOWN




Before Treatment After Treatment
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ORIGINAL ARTICLE

Limbal Stem-Cell Therapy and Long-Term
Corneal Regeneration

Patient

Paclo Rama, M.D., Stanislav Matuska, M.D., Giorgio Paganoni, M.D.,
Alessandra Spinelli, M.D., Michele De Luca, M.D., and Graziella Pellegrini, Ph.D.

This article (10.1056/ NEJMoa0905955) was

published on June 23, 2010, at NEJM.org. Patient |

Corneal Blindness

from Rama et al., NEJM
published online June 23, 2010




Nate Liao was successfully
treated for a fatal genetic skin
disease with donor adult stem
cells.

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Bone Marrow Transplantation for Recessive
Dystrophic Epidermolysis Bullosa

John E. Wagner, M.D., Akemi Ishida-Yamamote, M.D., Ph.D.,
John A. McGrath, M.D., Maria Hordinsky, M.D., Douglas R. Keene, B.S.,
Megan ). Riddle, B.A., Mark J. Osborn, Ph.D., Troy Lund, M.D., Ph.D,,
Michelle Dolan, M.D., Bruce R. Blazar, M.D., and Jakub Tolar, M.D., Ph.D.

ABSTRACT

BACKGROUND
Recessive dystrophic epidermolysis bullosa is an incurable, often fatal mucocutane-
ous blistering disease caused by mutations in COL7A1, the gene encoding type VII
collagen (C7). On the basis of preclinical data showing biochemical correction and
prolonged survival in col7~~ mice, we hypothesized that allogeneic marrow contains
stem cells capable of ameliorating the manifestations of recessive dystrophic epider-
molysis bullosa in humans.

From the Blood and Marrow Transplant
Program, Department of Pediatrics (J.EW.,
MJ.R, MJ.O., T.L, B.REB, JT), Center
for Translational Medicine (.EW., B.R.B.,
)T}, and the Departments of Dermatol-
ogy (M.H.) and Laboratory Medicine and
Pathology (M.D.), University of Minne-
sota, Minneapoelis; the Department of
Dermatology, Asahikawa Medical College,
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Clinical transplantation of a tissue-engineered airway

Paolo Macchiarini, Philipp Jungebluth, Tetsuhiko Go, M Adelaide Asnaghi, Louisa E Rees, Tristan A Cogan, Amanda Dodson, Jaume Martorell,
Silvia Bellini, Pier Paolo Parnigotto, Sally C Dickinson, Anthony P Hollander, Sara Mantero, Maria Teresa Conconi, Martin A Birchall

Summary

Background The loss of a normal airway is devastating. Attempts to replace large airways have met with serious
problems. Prerequisites for a tissue-engineered replacement are a suitable matrix, cells, ideal mechanical properties,
and the absence of antigenicity. We aimed to bioengineer tubular tracheal matrices, using a tissue-engineering
protocol, and to assess the application of this technology in a patient with end-stage airway disease.

Methods We removed cells and MHC antigens from a human donor trachea, which was then readily colonised by
epithelial cells and mesenchymal stem-cell-derived chondrocytes that had been cultured from cells taken from the
recipient (a 30-year old woman with end-stage bronchomalacia). This graft was then used to replace the recipient’s left
main bronchus.

Findings The graft immediately provided the recipient with a functional airway, improved her quality of life, and had
a normal appearance and mechanical properties at 4 months. The patient had no anti-donor antibodies and was not
on immunosuppressive drugs.

Interpretation The results show that we can produce a cellular, tissue-engineered airway with mechanical properties
that allow normal functioning, and which is free from the risks of rejection. The findings suggest that autologous
cells combined with appropriate biomaterials might provide successful treatment for patients with serious clinical
disorders.

Claudia Castillo had a complete new trachea grown using her own adult
stem cells. The transplant saved her lung and she is now doing well.
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Adult Stem Cells Help Create Synthetic Windpipe,
Save Cancer Patient

lry David Prentice
Sl & 2009

A cancer patient has received the first synthetic

windpipe transplant. The nevw windpipe was

created using the patient’s own adult stem cells
which were seeded onto a synthetic scaffold to grow

the new tissue. According to his doctors, the

patient—36-vear-old Andemariam Teklesenhet
Bevene, a father of two—no longer has cancer, will
he released from the hospital taday, and is expected

to have a narmal life expectancy.

Professor Paolo Macchiarini, of Karolingka

University Hospital and karalinska Institute, led the

Tracheobronchial transplantation with a stem-cell-seeded
bioartificial nanocomposite: a proof-of-concept study

PhilippJungebluth, Evren Alici. Silvia Baiguera, Katarina Le Blanc, Pontus Blomberg, Béla Bozéky, Claire Crowley, Oskar Einarsson,
Karl-Henrik Grinnemo, Tomas Gudbjartsson, Sylvie Le Guyader, Gert Henriksson, Ola Hermanson, Jan Erik Juto, Bertil Leidner, Tobias Lilja,
Jan Liska, Tom Luedde, Vanessa Lundin, Guide Moll, Bo Nilsson, Christoph Roderburg, Staffan Strmblad, Tolga Sutlu, Analsabel Teixeira,
Emma Watz, Alexander Seifalian, Paolo Macchiarini

Summary

Background Tracheal tumours can be surgically resected but most are an inoperable size at the time of diagnosis;
therefore, new therapeutic options are needed. We report the clinical transplantation of the tracheobronchial airway
with a stem-cell-seeded bioartificial nanocomposite.

Methods A 36-year-old male patient, previously treated with debulking surgery and radiation therapy, presented with
recurrent primary cancer of the distal trachea and main bronchi. After complete tumour resection, the airway was
replaced with a tailored bioartificial nanocomposite previously seeded with autologous bone-marrow mononuclear
cells via a bioreactor for 36 h. Postoperative granulocyte colony-stimulating factor filgrastim (10 pg/kg) and epoetin
beta (40000 UT) were given over 14 days. We undertook flow cytometry, scanning electron microscopy, contocal
microscopy epigenetics, multiplex, miRNA, and gene expression analyses.
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