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The stem cell hierarchy
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Embryonic stem cells
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Proliferates indefinitely
Always pluripotent (teratoma assay)

Can differentiate to cells typical of all three germ layers
(ectoderm, mesoderm, endoderm)

But: we can not yet fully control the differentiation
Teratogenesis
Always allogeneic



Cells from different people are different

Can stem cells from one individual still be used to treat
another individual?



Somatic cell nuclear transfer
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Background:

Reprogramming of differentiated cells has been shown to be
possible:

e Somatic cell nuclear transfer (Wilmut et al., 1997)

e cell fusion with embryonic stem cells (Cowan et al., 2005; Tada
et al., 2001)

Is it possible to induce pluripotency in end differentiated
cells by introducing a limited number of genes?



Induced pluripotent stem cells
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Unsolved issues for the clinical use of hIPCs

* If gene transduction is to be used: random
insertion of transgene?

* If the cells need to be reprogrammed to
pluripotency: malignancy, neodifferentiation
strategy

* If transdifferentiation is possible: complete
transdifferentiation?



Hematopoietic stem cell transplantation has
been used in the clinic for more than 40 years
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Hematopoietic stem cell transplantations

* Autologous: From the patient herself

* Allogeneic: From another individual

» Family (including umbilical cord blood)
» Bone marrow donor registries

» Umbilical cord biobanks
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For all these: HLA compatibility very important

Lorentz Brinch, Department of
Blood Diseases, OUS






Organization of stem cell transplants in Norway:

Autologous (hgydosebehandling med autolog stamcellestgtte: HMAS)

e All University hospitals in Norway
e Oslo Universitetssykehus:
— Ulleval: Lymphomas and multiple myelomas
— Rikshospitalet: Multiple myelomas, solid tumors (children)

— Radiumhospitalet: Lymphomas, some solid tumors

Lorentz Brinch, Department of
Blood Diseases, OUS



High dose chemotherapy followed by autologous bone marrow

transplantation is an option for patients with lymphomas

Histology 1.line First chemosensitive | Later chemosensitive
relapse relapse

Hodgkins Not Clinical option Clinical option
lymphoma recommended
T/B Clinical option Not recommended Not recommended
lympho-
blastic
lymphoma
Aggressive | Not Clinical option Clinical option
B cell NHL | recommended
Transforme | Not Clinical option Clinical option
d NHL recommended
Follicular Not Not recommended Clinical option
NHL recommended
Mantle cell | Clinical option | Notrecommended Not recommended
NHL
Aggressive | ACT-1 Clinical option
T cell NHL | randomised

study

Clinical option

Arne Kolstad,
Norwegian
Radium Hospital
Ous



Day

Allogeneic stem cell transplantation:
bone marrow depletion

Stem cell infusion:
I Bu | Cy Cy From bone marrow or blood

-8

Bu: Busulfan : 16 mg/kg in total
Cy: Cyclofosfamid : 120 mg/kg in total

Lorentz Brinch, Department of
Blood Diseases, OUS



Difference between autologous and
allogeneic HSC transplantation

Autologous Allogeneic
Healthy stem cells + +
HLA compatibility Yes Very important
Transplant rejection - +
Need for treatment against ) N
rejections
Transplant versus malignancy N

effect

Lorentz Brinch, Department of
Blood Diseases, OUS



Prosent

Diseases treated with allogeneic stem cell transplantation
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Allogeneic stem cell transplantation in Norway:
only performed at Rikshospitalet
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PROBABILITY OF RELAPSE
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Hematopoietic cell transplantation, 2" edition 1998;319






Tissue engineering

Elements:

* Cells

* Biomaterials

* Imaging

* Advanced surgery

In the clinic:
* Heart

e Cartilage

* Bone

* Eye



Stem/progenitor cells in the bone marrow

MSC



Repair of Infarcted Myocardium by Autologous
Intracoronary Mononuclear Bone Marrow Cell
Transplantation in Humans

Bodo E. Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kostering, MD;
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler, PhD; Peter Wernet, MD

Background—Experimental data suggest that bone marrow—derived cells may contribute to the healing of myocardial
infarction (MI). For this reason, we analvzed 10 patients who were treated by intracoronary transplantation of
autologous, mononuclear bone marrow cells (BMCs) in addition to standard therapy after MI.

Methods and Results—After standard therapy for acute MI, 10 patients were transplanted with autologous mononuclear
BMCs via a balloon catheter placed into the infarct-related artery during balloon dilatation (percutaneous transluminal
coronary angioplasty). Another 10 patients with acute MI were treated by standard therapy alone. After 3 months of
follow-up, the infarct region (determined by left ventriculography) had decreased significantly within the cell therapy
group (from 30*13 to 12*x7%, P=0.005) and was also significantly smaller compared with the standard therapy group
(P=0.04). Likewise, infarction wall movement velocity increased significantly only in the cell therapy group (from
2.0*x1.1 to 4.0*2.6 cm/s, P=0.028). Further cardiac examinations (dobutamine stress echocardiography, radionuclide
ventriculography, and catheterization of the right heart) were performed for the cell therapy group and showed
significant improvement in stroke volume index, left ventricular end-systolic volume and contractility (ratio of systolic
pressure and end-systolic volume), and myocardial perfusion of the infarct region.

Conclusions—These results demonstrate for the first time that selective intracoronary transplantation of autologous,
mononuclear BMCs is safe and seems to be effective under clinical conditions. The marked therapeutic effect may be
attributed to BMC-associated myocardial regeneration and neovascularization. (Cireulation. 2002;106:1913-1918.)



Cardiac repair: can bone marrow cells improve myocardial function
in patients with acute myocardial infarction (AMI)?

a) Blood is

aspirated to get
serum T b) Bone marrow

aspiration day 4 - 5
Injection into the
affected coronary /
artery or into the
myocardium



Expected improvement in LVEF after AMI by routine treatment

ALVEF = 7%
P<0.01
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5 days 5 months

Baks et al, Eur Heart J 2005;26:1070



Results on LVEF in clinical trials with
Bone Marrow Cells in AMI
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What is the reason for the limited success?

The human left ventricle contains
~ 4-5 x10° cardiomyocytes

Normal heart

25% Ml destroys ~ 1x10° cardiomyocytes

Approximately 1% HSC in BM-MNC

Injection of 150x1x10® BM-MNC — 1.5x10° HSC



Very few of the injected cells home to or
remain in the myocardium
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Hou et al
Circulation 2005;112[suppl I]:1I-150-1-156
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Results of Intracoronary Stem Cell Therapy After Acute
Myocardial Infarction
Jochen Wéhrle, MD*#, Nico Merkle, MD?, Volker Mailinder, MDP, Thorsten Nusser, MD?,

Peter Schauwecker, MDP. Fabian von Scheidt®, Klaus Schwarz, MD®, Martin Bommer. MD*,

Markus Wiesneth. MDP. Hubert Schrezenmeier. MDP, and Vinzenz Hombach. MD?

or LV end-diastolic and end-systolic volume indexes. In conclusion. in this rigorous
double-blind, randomized, placebo-controlled trial, we did not observe an evidence for a
positive effect for intracoronary BMC versus placebo therapy with respect to LV ejection
fraction, LV volume indexes, or infarct size. © 2010 Elsevier Inc. All rights reserved. (Am
J Cardiol 2010:105:804-812)




Is it possible to improve myocardial function using
cell therapy or tissue engineering following AMI?
Probably

Should this be offered to patients in acute stage MI?
Unlikely, the cells need to be expanded in vitro, and
should be autologous

Which are the best cells to use? Not known, animal
studies are ongoing

What would be the most likely mechanism for the
effect of cell therapy?

* Transdifferentiation transplanted cells —
cardiomyocytes? Perhaps, but unlikely

e Stimulation of endogenous repair mechanisms?
More likely

* Improvement of local blood supply? Important,
may need to include cells specifically for this
purpose



Can adult stem cells be used to treat focal
lesions of hyaline cartilage?



http://www.future-drugs.com/na101/home/literatum/publisher/fud/journals/production/erd/2007/4/3/17434440.4.3.373/images/large/graphic25.jpeg

In vitro expanded chondrocytes is used for
regeneration of hyaline cartilage, but the
result is frequently fibrocartilage
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Bone marrow
Adipose tissue
Mesenchymal stem cell ~ — Synovium
Skeletal muscle?
Skin fibroblasts?
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Alginate as a scaffold for chondrogenic differentiation of MSC

The scaffold can be made to shape of choice
* Cells are quite evenly distributed

* The alginate can be easily removed

* Alginate may be made biodegradable?

Ii j } 3 mm = thickness of

hyaline cartilage of knee

\ )
|

Size of the lesion



Expression of proteins of importance for chondrogenesis after
21 days of differentiation in alginate discs




MSC may exert immunosuppressive effects
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Diseases of the cornea may be treated with stem
cell therapy

e The first corneal transplant was
performed in Norway in 1933.

* Corneas are kept in a tissue bank at the
Center for Eye Research, Ulleval

 Can be stored for up to 4 weeks befor the
operation.

Challenges:

 Some corneas must be discarded before
the operation due to poor quality tissue.

 Some transplanted corneas become non-
translucent

 There is a lack of corneas, many are
bought from USA, expensive

Morten C Moe, Department of
Eye Diseases, Ulleval



Strategy

* The different layers of the cornea S | _
: e R DR - Epitel
have their own stem cells Cornea e |
« In patients with damage to only one —
of the corneal layers, stem cell =———| [ Stroma
therapy may be sufficient ——

Morten C Moe, Department of
Eye Diseases, Ulleval



Transplantation of autologous limbal stem cells to a
patient with stem cell failure




Corrosion damage

Preoperativt

Tsai et al, 2000,
The New England Journal
of Medicine

Morten C Moe, Department of
Eye Diseases, Ulleval



Tumor stem cells

ncer stem cell '
Cancer stem ce Tumor regression

specific therapy
Conventional Tumor relapse
cancer therapy
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Can expressed genes from glioblastoma stem
cells be used in a therapeutic vaccination?




hTERT and survivin mRNA

Immature DCs
MRNA amplification

B '! \ /

MRNA loading
by electroporation

Tumor stem cells

Maturation of DCs

Leukapheresis

Tumor biopsy

gwil40123 fotosearch.com



The Ex vivo cell laboratory is a GMP regulated production
facility for cells for therapeutic trials
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Patient Handbook on
Stem Cell Therapies

Appendix | of the Guidelines for the
Clinical Translation of Stem Cells

December 3, 2008
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The ¥Cell-Center is a private clinic group and institute for regenerative medicine
located in DOsseldorf and Cologne, Germany. Bringing together therapeutical use
of autoclogous adult stem cells and medical research, it is our mission to:

+ Provide therapeutic application of autologous adult stem cells to patients at
the highest medical standard;

« Extend existing knowledge on the effects of autologous adult stem cells by
supporting pre-clinical and clinical research.

We offer patients with degenerative diseases the opportunity to undergo an
innovative and promising stem cell treatment.

Since the start in January 2007, more than 2500 patients have safely undergone
our various stem cell treatments.
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NBC MNews Video Feature "Small
Miracles: How life has changed for
Cram and H" (cerebral

palsy) maore...



/= Stem Cell Clinic - Adult stem cell therapy - XCell-Center - Windows Internet Explorer

v A |§, hittpe f v ccell-center .com)

File Edit Wiew Faworites Tools  Help

Go glE weell L .." Sak = a - I:?' @I Del = @ - Sidewiki = "Z:.? Kontraller = |&a Owversett = TJ_] Autafyll = é‘, @ weel

Tl:i' ahr [ @ Stem Cell Clinic - Adulk stem cell therapy - ¥Cell-Center I l ﬁ -

March 1
Therapeutic use Encourac

The XCell-Center treats patients with their own autologous adult stem cells. It is Results I
the first private clinic worldwide to hold an official license for the extraction and
approval of stem cell material for autologous treatment.

March 9
60% of =
Improve:
140 Spin
Patients |

TUV

SUD Therapy focuses on the treatment of cerebral palsy, spinal cord injuries, diabetes
1SO 9001 mellitus (types 1 and 2 as well as sequelae) and neurclogical diseases/disorders
such as Parkinson's and stroke. Further indications include multiple sclerosis (MS),
amyotrophic lateral sclerosis (ALS), and Alzheimer's as well as arthritis, heart March 8

disease, and eye diseases such as macular degeneration. wCell-Ce
Results f
Advisory board Cell Trea

Learn more about the XCell-Center's Scientific Partners.

Februar
The Lewi
Stem Ce
Cousins |

Februar
Saving L
Mesench
treatmen
limb isch
Analysis

Februar
Autologo
Transpla
Puncture
Patients |




{= Stem Cell Treatments - Diseases treated with Adult Stem Cell Therapy - XCell-Center - Windows Internet Explorer

@éﬁ - |E| hkkps v ccell-center . com/treatmentsfoverview, aspx

File Edit Wiew Faworites Tools  Help

@
Gougle weell L |,-;' Sk, T Ak i - Ei' @ Del - EI - @ Sidewiki ~ "Z;;' Kontroller = &a| Crversett - ﬂ Autafyll = 6,' @ weel

ﬁ 'ﬁ? [ g Stem Cell Treatments - Diseases treated with Adulk Sk, . I l ﬁ v

~Y
Q) el-Center June 16 & 17

Regenerative Medicine

Treatments Patient Stories Cc

Request information

Overview
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hope will help you.
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Stem cells carry a lot of promise for the development of new therapeutic
options, but they should be introduced into the clinic with great caution

NS

ISSCRP

International Society for Stem Cell Research

Guidelines for the
Clinical Translation
of Stem Cells

December 3, 2008




