Forschung mit Embryonen

2015: 97796 IVF — 57998 Transfers

Was konnte, mochte und darf man mit Gberschuissigen
Embryonen machen?
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Gesetzliche Regelungen

1. Embryonenschutzgesetz
2. Stammzellgesetz
3. Samenspendenregistergesetz seit 1. Juli 2018

IVF und ICSI nur mit dem Ziel einer Schwangerschaft (Instrumentalisierungsverbot)
Leben beginnt ab Zygote
Verbot die Keimbahn zu verandern

Keine Geschlechterauswahl

PID nur nach medizinischer Indikation

IVF und ICSI nur mit Einwilligung beider Spender (Ehe!)

Keine Befruchtung nach dem Tod des Mannes

Keine Veranderung der Keimbahn

Keine Gentherapie?

Klonen verboten

Chimaren oder Hybridbildung verboten

Import Stammzellen nur wenn vor 2007 und aus Uberschiissigen Embryonen
Forschung dann nur wenn wissenschaftlich begrindet



Religiose Einflusse und Betrachtungen

Religionen: Unterschiedliche Sichtweise, wann menschliches Leben beginnt
Bewertung Ehe/Partnerschaft durch Religion

Christentum: Unterschiedliche Bewertung der Sakramente

Akzeptanz gleichgeschlechtlicher Partnerschaften und allein erziehende Eltern
Geschichte der Eugenik

e wN e

Siehe Dignitas Personae (Kongregation fiir die Glaubenslehre):

1. Bildung der menschlichen Existenz mit Bildung der Zygote und Achtung als Person
2. Recht auf Unversehrtheit von Empfangnis bis Tod

3. Einheit der Ehe

4. Geschlechtlichkeit bedingt Akt der Zeugung



Begriindungen der Kirche zur Ablehnung von IVF und PID :

- Fiir das Leben weniger wird das Toten vieler in Kauf genommen.
- Kindeswunsch rechtfertigt nicht Produktion.
- Leben und Identitat darf nicht in Hande Dritter gelegt werden

Einfrieren von Embryonen ist Abtreibung (da viele nicht Gberleben)

Uberschiissige Embryonen diirfen nicht zu Forschungsmaterial degradiert werden
Kryokonservierung von Eizellen ist moralisch unannehmbar

Embryonenreduktion ist Abtreibung

PID ist Eugenik und damit hochst verwerflich.

Der Wert eines menschlichen Wesens darf nicht nach Mal3staben der

Normalitat und des physischen Wohlbefindens beurteilt werden.

PID unterstitzt Kindstotung und Euthanasie. Es darf keine Diskriminierung ausgeiibt werden.
Interzeptive (Spirale, Pesar, Pille danach) und kontragestive (RU486)

sind als Abtreibung zu werten.
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Eugenik als Gefahr?

PID seit 2013 erlaubt

Embryonenscreening (2012 erstes Kind mit bekanntem Genom)
Kinder bekommen unabhangig vom Alter

Spermienselektion (Geschlechterselektion)

Oozytenselektion nach Einfrieren



Wo auf der Welt
geht was?
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Anwendung von hES Zellen
in der Biomedizin

Identify drug Understanding
targets and Study cell prevention &
test potential : differentiation > treatment of
therapeutics : s birth defects
Cultured Pluripotent

Stem Cells -~ - S

x 5 palt ! I

Toxicity Tissues/Cells for Transplantation a .

Testing : :

1 I

1 1

Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer's heart disease for diabetes

disease



Therapeutisches Klonen

a) embryonale Stammzellen b) induzierte pluripotente Stammzellen

innere
Zellmasse

i) Der friihe Embryo
(Blastocyste) wird
in Nahrmedium
kultiviert.

i1 Dem Patienten
werden Haut-
zellen entnom-
men.

v<i) Die Zellen wer-
den im Labor

é Die duBere Schicht J'

(Trophoblast) zer- kultiviert.

fallt, und der Em- )

bryoblast wird frei- E) Ein Vektor, der
gesetzt. Chemika- Gene enthalt,
lien werden zuge- O die von einem
geben, um de_n i’_ aktiven Promo-
Embryoblast in ) _ tor kontrolliert
kleinere Zellhaufen werden, wird

v zerteilen. ) y [ W] | ugegeben

Vektor enthalten,
werden selektiert.

pluripotenter
Stammzellen.

Knochengewebe Muskelgewebe Nervengewebe

Die Zellen werden zur Differenzierung in spezia-
lisierte Zellen induziert und in die entsprechen-
den Gewebe des Patienten transplantiert.




Klonen

Cells from animal fo
be cloned are main-
tained in the lab so

Tissue cell donor
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NATURE | NEWS

UK moves closer to allowing ‘three-parent’ babies
Scientists say mitochondrial-replacement therapy is ready for tests in the clinic.

Ewen Callaway

30 November 2016

Cenfer for Embryonic Cell and Gene Thespy of Oregon Health & Science Uinfc

A pipette pulls out the nuclear genetic material from an unfertilized egg — a step in mitochondrial-



Bekampfung von Krankheiten

QO  romelden

GESUNDHEIT Schlagzeilen | 0 Wetter | DAX 1158587 | TVProgramm | Abo

Machrichten = Gesundheil = Schwangerschaft & Kind = Kinstliche Befruchtung = Ukmaine: Baby mit drei Ellern geboren

Ukraine
Baby mit drei Eltern geboren

In der Ukraine ist ein Baby mit zwei Miittern und einem Vater geboren worden. Alle drei Elternteile sind mit
dem Kind genetisch verwandt. Kritiker sind entsetzt.

Ennsticha Rafrschtung: Mit ainer Pinate wird sin Snermiosm in aine Fizaella inimiart



Blastozystenahnliche Strukturen aus menschlichen
pluripotenten Stammzellen
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Ghack far
updates

Porcine germline genome engineering

Luhan Yang®', George Church®'®, Hong-Ye Zhao®, Lusheng Huang®, Yangbin Gao® ", Hong-Jiang WeiS,
and Geoffrey Yang®

“Department of Research and Development, Qihan Bio Inc, Hangzhou, Zhejiang 311200, China; “Department of Genetics, Harvard Medical School, Boston,
MA 02115; “Key Laboratory of Animal Gene Editing and Animal Cloning in Yunnan Province, Yunnan Agricultural University, Kunming 650201, China; “State
Key Laboratory of Pig Genetic Improvement and Production Technology, Jlangxi Agricultural University, Nanchang, Jiangxi 330045, Ching; and *Department
of Dermatology, Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115

Edited by Dana Carroll, University of Utah, Salt Lake City, UT, and approved September 29, 2020 (received for review March 26, 2020)



Crispr/Cas

An early human
embryo, the focus of
controversy.

BIOETHICS

Embryo engineering alarm

Researchers call for restraint in genome editing



Chimaren: Zusammengesetzte Lebewesen




Chimaren in der Kunst

4

Chiméire erschaffen?

Dramatische Bilder zu
einem Forschungsprojekt
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Annual Review of Cell and Developmental Biology
Lessons from Interspecies
Mammallian Chimeras

nature ? news ? article

Fabian Suchy! and Hiromitsu Nakauchi'»?

Hnstitute for Stem Cell Biology and Regenerative Medicine, Stanford University School of
Medicine, Stanford, California 94305; email: nakauchi@stanford.edu

ir I;L\;:c:; ;fg%;TJS;lThemw, Institute of Medical Science, University of Tokyo, N Ews R 2 6 J U LY 20 1 9
Japan approvesfirst human-animal embryo
2016 experiments

Theresearch could eventually lead to new sources of organs for transplant, but

Bouret et al. Stem Cell Research & Therapy (2016) 7:87 i .
DOI 10.1186/513287-016-0345-9 Stem Cell Research & Therapy ethical and technical hurdles need to be overcome.

REVIEW Open Access David Cyranoski

Human-animal chimeras: ethical issues @
about farming chimeric animals bearing
human organs

Rodolphe Bourret', Eric Martinez', Frangois Vialla®, Chlog Giguel', Aurélie Thonnat-Marin' and John De Vos™™ (@

2019



Strategien um die Entwicklung von Mensch/Tier Chimaren zu verbessern
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Porcine germline genome engineering
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and Geoffrey Yang®
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Manipulation des Schweinegenoms

A
|_2iLD-hiPSCs _4i-hiPSCs NHSM-hiPSCs F.AC-hiPSCsi
1 & — I |
= . e e N | 1. Check fluorescence |
9 —> x — ﬁ{ \ Q} > ¥ | 2. IHC analy ;
ET W LT Euthanize | 3. Genomic PCR analyses |
zygotes BL injection o Pig embryo L !
(310 cells Female recipient (Day21-28)
B c 100% 5
Total Flucrescence positive (FO+) B0% o B
) Blastocyst ) Growth o l
Celline origin ~ Mormalsize . |Nommal size Growth retarded g % I
Morula/EB 6 13 1 8 Y -
21D 2c 5 0 2 0 2]
0% 4
if:ﬂﬁl 123 ;; g :11; 2iLD FAC 4i NHSM
su D
Bl 20 5] i 5 2 100% 4
2c 9 4 3 4 7 Bl s
2c 7 2 0 2 =2 cox| B8 B B2
ac 7 1 0 1 8 100
FAC i
G 0 1 0 0 £ aou = 5
Fidc] 2 0 0 0 2 gyl l3 F
PT 2 3 q 2 2D FAC 4 NHSM
B 807 4
4i 26 B 13 1 5 g .
G 2 8 1 3 g -
sublotal 14 25 2 12 g
i c] 1 [} 1] 4 § 2% 4
26 4 Z 1 0 g owl
NHSM 2c 10 3 2 0 2D FAC 4 NHSM
2c 8 3 1 1
BT 3 1 1 0 W Normal size & FO-
Normal size & FO+
subtotal 26 15 5 5
Total 99 a7 7 50 W Growth retarded & FO-
Non-injected 17 i) o 0 Growth retarded & FO+

Porcine germline genome engineering

Luhan Yang®", George Church®@, Hong-Ye Zhao, Lusheng Huang?, Yangbin Gao®®, Hong-Jiang Wei,

and Geoffrey Yang® 2 O 2 O

of Research and D Qihan Bio Inc., Hangzhou, Zhejiang 311200, China; "Department of Genetics, Harvard Medical School, Boston,
MA 02115; “Key Laboratory of Animal Gene Editing and Animal Cloning in Yunnan Province, Yunnan Agricuttural University, Kunming 650201, China; %state
Key Laboratory of Pig Genetic Impr and Production Jiangxi Agricultural University, Nanchang, Jiangxi 330045, China; and *Department

of Dermatology, Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115

Edited by Dana Carroll, University of Utah, Salt Lake City, UT, and approved September 29, 2020 (received for review March 26, 2020)



Genmanipulierte Schweine fur die Xenotransplantation
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Genmanipulierte Schweine fur die Xenotransplantation
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Affen/Mensch Chimaren

2018

STEM CELLS AND DEVELOPMENT CONCISE REVIEW

Volume 27, Number 23, 2018
© Mary Ann Liebert, Inc.
DOI: 10.1089/scd.2018.0162

Human—-Monkey Chimeras for Modeling Human Disease:
Opportunities and Challenges

Alejandro De Los Angeles,' Insoo Hyun? Stephen R. Latham,?
John D. Elsworth, and D. Eugene Redmond, Jr.*
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FIRST MONKEY-HUMAN
EMBRYOS SPARK DEBATE
OVERHYBRID ANIMALS

The chimaeras lived up to 19 days — but some
sclentists question the need for such research.

By Nidhl Subbaraman

cientists have successfully grown
monkey embryos containing human
cells for the first time — thelatest mile-
stone inarapidly advancing field that
has drawn ethical questions.

Inthe work, published on 15 Aprilin CeiP', the
team injected monkey embryos with human
stem cells and watched them develop. They
observed human and monkey cells divide and
grow together inadish, withat least Jembryvos
surviving to 19 days after fertilization. “The
overall message is that every embryo con-
tained human cellsthat proliferate and differ-
entiate to a different extent,” says Juan Carlos
Izpisua Belmonte, a developmental biologist
at the Salk Institute for Biological Studies in
La |olla, California, and a leader of the work.

Researchers hopethat some human-animal
hytrids — known aschimaeras — could provide
better models in which to test drugs, and be
used to grow human organs for transplants.
Members of this research team were the first
toshow, in 2019, that they could growmonkey
embryosin adish for up to 20 daysafter fertili-
zation®. In 2017, they reported a series of ather
hytrids: pig embryos grown with human cells,
cow embryos grown with human cells, and rat
embiryos grown with mouse cells

Touchysubject

The latest work has divided developmental
biologists. Some question the need for such
experiments using closely related primates —
these animals arenot likelyto be used as model
animals in the way that mice and rodents are.
Mon-human primates areprotected by stricter
research-ethics rules than are rodents, and
biclogists worry such work is likely to stoke
public opposition.

“There are much more sensible experiments
inthis areaof chimaeras as a source of organs
and tissues,” says Alfonso Martinez Arias, a
developmental biologist at Pompeu Fabra Uni-
versity in Barcelona, Spain. Experiments with
livestock animals, such as pigs and cows, are
“muore promising and do not risk challenging
ethical boundaries”, he says. “Thereisawhole
field of organoids, which can hopefully do
away with animal research.”

lzpisua Belmonte says that the team does
not intend to implant any hybrid embryos

The monkey-human blastocyst

into monkeys. Rather, the goal is to better
understand how cells of different species com-
municate with each other duringthe embryo’s
early growth phase.
Attempts at growing human-mouse hybrids
arestill preliminary, and chimaeras need to be
more effective and healthier before they can
be useful. 5cientists suspect that such hybrids
might have trouble thriving because the two
species are evolutionarily distant, so the cells

“Some people maysee that
you're creating morally
ambiguous entities.”

communicate through different means. But
observing cellular cross-talk in monkey-
humanembryo chimaeras —whichinvolve two
more closely related species — could suggest
waystoimprove the viability of future human-
mouse models, lzpisua Belmonte says.

In the study, researchers fertilized eggs
extracted fromcynomolgus monkeys (Macaca
Sfascicolaris) and grew them in culture. Six
days after fertilization, the team injected
132 embryos with human extended pluripo-
tent stem cells, which can grow into a range
of cell types inside and outside an embryo.
The embryos each developed unigue com-
binations of human and monkey cells and
deteriorated at varying rates: 11 days after
fertilization, 91 were alive; this dropped to
12embryos atday 17 and 3 embryos at day 19.

& 2021 Springer Nalure Limited. Al righis reserved.

“This paper is a dramatic demonstration
of the ability of human pluripotent stem
cells to be incorporated into the embryos of
cynomolgus monkeys when introduced into
the monkey blastocysts,” says Magdalena
Zernicka-Goetz, a developmental biologist
at the California Institute of Technology in
Pasadena. Shenoted that thisteam, like others
inthe past, was not able to control which cells
developed into which tissues — a key step to
master before such models can be used.

Martinez Arias was not convinced by the
results. *| expect better evidence”, especially
of the later stages of development, he says.
Thatembryo numbers rapidly plummeted as
day 15of development approached suggests
to him “that the things are very sick”.

Combining human cells with closely related
primate embryos prompts questions about
the status and identity of the resulting
hybrids. “Some people may see that you're
creating morally ambiguous entities there,”
=ays Insoo Hyun, abicethicist st Case Western
Reserve Universityin Cleveland, Dhio. Hesays
this team was thorough in following existing
guidelines. “I think they did quite a bit of due
«care to be mindful of regulations and ethical

issues,

Research restrictions

Meanwhile, international guidelines are catch-
ingup to the field's advances — nextmonth, the
International Society for Stem Cell Research
(ISSCR} is expected to publishrevised guide-
lines for stem-cellresearch. These will address
non-human-primate and human chimaeras,
says Hyun, whoisleadingan IS5CH committee
discussingchimaeras. That group’sguidelines
currently prohibit researchers from letting
human-animal chimaeras mate. Also, the
group recommends extra oversight when
human cells could integrate with an animal
host’s developing central nervous system.

Many countries — including the United
States, the United Kingdom and |japan - have
at points limited research on chimaeras involy-
ing human cells. Japan lifted its ban on experi-
mentswith animal embryos containing human
cellsin 2019,

In 2015, the US Mational Institutes of Health
{MIH) announced a moratorium on federal
funding for studiesin which human cells would
be injected into animal embryos. In 2016, the
funding agency proposed lifting the ban but
restricting research to hybrids created after
gastrulation, when the early nervous system
beginsto form. More than four years later, the
funding banis stillin place. An NIH spokesper-
s0n s3ys the agency is awaiting the May IS5CR
update “to ensure our position reflects the
input from the community”, but did not pro-
vide atimeline for release of the agency’s rules.
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