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Hannover Medical School



MyH

Hannover Medical School



Organe/Gewebe

Falx cercbri

Pituitary gland Sphenoidal sinus

Pons Frontal sinus

Nasal cavity

Dura mater.

Medulla oblongata Superior

and supreme | Nasal
‘< turbinates
/ \lll{.:‘:" s i Middle {conchae)
'f" /( CIBA Oropharynx Interior

Laryngopharynx Nasal vestibule

(hypopharynx)

Ostium of auditory tube
Esophagus.

Oral cavity

Cupula (dome) of pleura
Tongue

Clavicle )
Epiglottis
1st rib Lairynx
Subcostal

Vocal fold (cord)
parietal pleura

Trachea
Mediastinal

I pleura —
parietal pleura Subclavian artery

and vein
R. main

bronchus —— Koria
R. pulmonary
artery

L. pulmonary artery
Visceral pleura L. main bronchus
over right lung
Lymph nodes
Hilus of -
right lung—" Pencardium
Pencardial
mediastinal
pleura

Substernal
and subcostal

panelal pleura

Sternum (cul away)
6th and 7th coslal cartilag

Reclus abdominis muscle

Linea alba
Diaphragmatic

parietal pleura T~ Internal oblique muscle

External oblique muscle (cut away) I I

Diaphragm

Hannover Medical School



i e

» 10.000.000.000.000 im Erwachsenen
» > 1.000 Varianten
» lebenslange Regeneration
»Omnis cellula e cellula (Virchow) M4H
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Chromosome

Chromatid Chromalid
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Gene

~ 25.000 pro Zelle

Mehrere Editionen
Komplexe Interaktionen
Epigenetische Kontrolle
Gefahr von Mutationen




Erkrankungen infolge von Genfehlern

N
7
Therapie mit korrigierten Genen

Information — Zelle - Quantitat
M-l I-I Hannover Medical School



Gentherapie
 Vekior - Transgen

Ubertrage genetische Information

in somatische Zellen [ Zigizelien

ZUur

Behandlung von Erkrankungen

Vehikel? Dosis? Route? Therapeutische Breite?
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Gentransfer: quantitative Fragen

1: 25,000

Transgen : Zellulare Gene Transgene Zelle : Korperzellen
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Milieu,
Pharmaka
= extrinsisch

Gentransfer: Prinzip

Gene =
Intrinsisch

Funktionskontrolle
* Proliferation
e Fitness
e Migration
* Differenzierung
e Reprogrammierung
 Eliminierung

Korrektur
» Genetische Erkrankung
e Infektion
» Krebs
e Degenerative
Erkrankung
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GENTHERAPIE: Erste Effekte in klinischen Studien

— PARKINSON
ALD

(Plrf;(zzslll) Erblindung

Hamophilie ~ | GvHD

EPIDERMOLYSIS
BULLOSA

Immundefekte
(SCID, CGD, WAS, AIDS)
Speicherkrankheiten (ALD, MLD)
Thalassamie




Gentherapie kuriert Farbensehen

Perspektive:

- GT monogenetischer Netz-
hauterkrankungen

- GT der Makuladegeneration

- Diskussion: Enhancement?




Adoptive Immuntherapie

2.Large scale
expansion of cells
1. Limited Pool
of tumour specific -
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Analyse Safety and
Efficacy in vitro
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Patient with cancer http://www.liebertonline.com/doi/full/10.1089/hum.2010.086



Adoptive Immuntherapie:

Tumorspezifitat durch Gentransfer

Erste klinische Erfolge, aber:
-  Tumorspezifisch?
- Mischformen mit endogenem TZR?

- Revertierbar?

http://www.nccr-oncology.ch/htdocs/Images/Pictures/projects/research/tumor_immunity/31Michelinscienltext.jpg



Adoptive Immuntherapie:

Konditionale Zellelimination durch Gentransfer

Wichtiges Prinzip:
Kontrolle des Zellverhaltens !

~Suizidgentherapie”
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Adoptive Immuntherapie/Suizidgentransfer:

Umfangreiche klinische Studien

TABLE 2. CLINICAL TRIALS OF SUICIDE GENE THERAPY IN ALLOGENEIC HEMATOPOETIC STEM CELL TRANSPLANTATION

Clinical Vector (suicide T cell No. of TK No. of Clinical |Incidence of| Complete Reference
application gene/marker gene) | manipulation cells treated | response |GvHD (no. of| response of
(days) infused/kg | patients (no. of patients) GvHD to
per patient patients) GCV
To treat disease RV 14 10%-10% 23 11 4 3/32 (Bonini ef al.,
[relapse occurring  |(HSV-TK/ALNGFT) 1997); (Ciceri ef
after HLA-identical al., 2007)
allo-SCT
RV (HSV-TK/NeoR) NE 10%-108 23 6 0 NE (Champlin ef
al., 1999)
RV (HSV-TK/NeoR) NE 10° 3 1 1 NE (Munshi et al.,
1997)
RV (HSV-TK/NeoR) 24-48 10%-108 9 2 1 1M (Burt et al.,
2003)
RV 9-11 108 5 4 2 2/2 (Onodera,
(HSV-TK/ALNGFT) 2008)
|Day 0in TCD RV (HSV-TK/NeoR) 12 105-10°% 12 4 5 5/52 (Tiberghien et
allo-SCT al., 2001)
RV (HSV-TK/NeoR) 13 5x10° 3 1 2 11 (Fehse et al.,
2004)
|Day 60 in TCD RV 10 107 9 | 1 NE (Weissinger et
allo-SCT (HSV-TK/ALNGFr) al., 2008)
Day 42 in TCD RV 14 105-107 8 3 1 17 (Bonini et al.,
haplo-SCT (HSV-TK/ALNGFT) 2007)
RV 10 107 28 22 11 10/10¢  |(Ciceri et al.,
(HSV-TK/ALNGFr) 2009)
Total 123 61 28 23/23

Abbreviations: GCV ganciclovir, GvHD, graft-versus-host disease; LNGF, low-affinity nerve growth factor; NE, not evaluable; RV, retroviral vector; SCT,

stem cell transplantation; TCD, T cell depleted; TK, thymidine kinase.



Stammzellgentherapie zur Regeneration

des Immunsystems
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Cave! Insertionsmutagenese

Retrovirales Transgen, erste Generation
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Gentransfer-Toxikologie

: PEI

C57BL6 Maus, serielle KMT AT
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Quantifizierung des Risikos der Insertionsmutagenese
Im zellbasierten Verfahren
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Vektormodifikationen reduzieren das RIsIko

>10-facher Sicherheitsgewinn durch Umbau des Transgens

~ 9-facher Sicherheitsgewinn durch verandertes

Integrationsmuster PE]
EMA
FDA
(NTP) -
LTR EP ke cDNA EP Hohes Risiko
SIN SIN EP> CDNA ~(PRE | SIN Mittleres Risiko
Isoliert INS eP> COCDNA ~{ PRE | INS_f.ee, .. Geringes Risiko
¢ Veranderte
%, Integration ¢

Modlich et al., 2006; 2009; Zychlinski et al., 2008; Arumugam et al., 2009; RS M I-l
Suerth et al., 2010 -l Hannover Medical School



Vektortechnologie: Neue Generationen

Neuer Vektor

klin. Priifunqg

SCID-X1 (multicenter USA and EU)
CGD (Grez et al., Frankfurt)
WAS (Klein et al., Hannover)

2010
2011
2012

Insulated /
terminated | o _

SIN |r|us| Modified

Verbesserte Gentransfereffizienz

Verbesserte Stammzellexpansion vor Tx

Insulated / : : _
terminated PhySIOIO?'Cal MRNA optim.
SIN |r|us——Prom)| cDNA
High
titer
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Gentransfer ex vivo oder in vivo
Polyklonal oder klonal?

Direct Delivery Cell-based Delivery
Genetically modified ES cells
{can block immune rejection
from patient)
Therapeutic on Therapeutic
gene gene
ES cell
The therapeutic HLA bank \\ ES cells f
gene is packaged > 2 &
into a delivery OR i D gt
vehicle such as SCNT "
a retrovirus \
in vitro
Adult stem cells are differentiated The theiapeutic gene
isolated and propagated stem cell is packaged into a
in the laboratory. delivery vehicle such
as a retrovirus and
Adult stem introduced into the
.and injected cells <« cells.
into the patient - :
“»
o”» P, . The genetically modified
e —
- Target oigan d cells are reintroduced
(e.g. liver) into the patient.
RS s

[N

http://stemcells.nih.gov/StaticResources/info/scireport/images/4_3.jpg



Induzierte pluripotente Stammzellen (iPS)

Korperzelle revertiert zur

‘ embryonalen Stammzelle

Reprogramming

Biopsy s Faktoren: Okt4, K|f4, Sox2, MyC
| e— — _i] *529/
Octé . Ht So2 ‘A
g™ %,
Adult cells FOL 0 3
(e.g. skin fibroblasts) o
Patient iPS cells

(resemble embryonic
stem cells)

=

Yamanaka Labor 2006

http://www.eurostemcell.org/files/images/iPS __
diagram_0.img_assist_custom-800x600.jpg

Transplantation
of cell replacement for therapy

Differentiation

Disease models for drug discovery Disease affected
and compound screening cell type

M. Rossbach



LAlles in 1“-Genvektor zur Reprogrammierung
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M'l I-l Exp. Hematology
Hannover Medical School "-"5:;.‘
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IPSC entstehen in Patchwork-Kolonien

- —

Eva Warlich

Timm Schroder
Axel Schambach




Noch nicht am Ziel: Differenzierung der IPS Zellen

€Caw_

A\VL@A, SR

Pluripotente Zellen

Blutzellen
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Blut aus pluripotenten Zelle

Z |

1. Culture ES cells with LI

!

000 ® 0 6® @ &

2. Generate embryoid bodies\n
serum free liquid-culture for 6 days

4 3. Dissociate EBs
to single cells

o o .

May-Grinwald/GIEMSA-stain

Dietrich Lesinski, Niels Heinz,
Hannes Klump, Bernhard Schiedimeier
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Perspektiven

Gentherapie 6ffnet neue Moglichkeiten fur schwere Erkrankungen

Aussichten mal3geblich abhangig von Vektorentwicklung, Krankheitsmodellen und
Toxikologie

Zunehmende therapeutische Breite der Gentherapie wahrscheinlich

IPS Stammzelltechnologien interessant, aber noch viele offene Fragen
(genetische Stabilitat, funktionelle Integration, Langzeitverhalten)

Grofl3es offenes Feld: Gentransfer zur Kontrolle des Zellverhaltens

M-l I-I Hannover Medical School
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