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1. Definitions

Hybrids are produced by interbreeding organisms of different species that
are however quite similar to each other and their breeding results in viable, but
usually sterile, offspring. A typical example is the mule, a horse-donkey hybrid that
cannot reproduce. A hybrid may also result from the interbreeding of same species
varieties, a common tactic in agriculture in order to produce seeds with specific,

enhanced traits.
It is also possible for a hybrid to be created in a laboratory:

a) Embryo hybrids derive from the insemination of an ovum (egg cell) from a
species with the sperm from another species; thus the hybrids contain genetic
material from both species. As early as the 1960s, egg cells of Guinea pigs have been

mixed with human sperm in order to test the quality and the fertility of the latter.

b) Cytoplasmic hybrids or cybrids are produced by the transfer of one nucleus
from the cell of one species (e.g. human) to an enucleated egg cell of another
species (e.g. pig). This method is called somatic cell nuclear transfer (SCNT). SCNT
has been used since the 1970s in order to study the interactions between the
nucleus and the mitochondria in cells of human-mouse cybrids. Multiple attempts of
SCNT between different species have taken place since then, with the results varying
in terms of achieved developmental stage, gestation and birth of a new organism.1 In

addition to the production of cybrids, SCNT is also a main cloning technique.

The creation of cybrids and the development of these embryos up until the
blastocyst stage allow the production of embryonic stem cells, which are genetically
similar to the species used as the nucleus-donor, and can be used to further
understand human diseases, to create disease models and to test new
pharmaceutical substances as a form of treatment. Towards this end, there have
been many attempts to create human-animal cybrids. In some cases the creation of

human-bovine cybrids has produced a quite good level of embryonic development

! Tecirlioglu RT, Guo J, Trounson AO. Interspecies somatic cell nuclear transfer and preliminary data
for horse-cow/mouse iSCNT. Stem Cell Rev. 2006;2(4):277-87.
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* while the production of human-hare cybrids

up until the blastocyst stage,2’3’
resulted in the embryo being developed up to the blastocyst stage and the

production of embryonic stem cells.?

Chimeras derive from transferring cells of one species to an embryo of
another species, during the early stages of development. Hence, chimeras are
composed of cells from both species. With this procedure it is possible to create
human-animal chimeras by inserting human cells (e.g. human stem cells) into animal
embryos and vice versa. Human-animal chimeras have been used in many cases in
order to study the pluripotency of embryonic stem cells, i.e. their ability to

differentiate into various tissues.

2. The scientific facts

2.1. Creation of chimeric embryos - Timeline
Animal chimeras from the same species - State of the art

The first experiments involving chimeric mice took place during the 1960s, in
order to study the early embryonic development of mammals. In these experiments
eight-cell embryos were fused in vitro,° and several similar experiments were
conducted during the following years.” In 1974, chimeric mice were created by fusing

three eight-cell embryos, each one taken from a parent with a different fur color.

? Lanza RP, Cibelli JB, West MD. Human therapeutic cloning. Nat Med. 1999 Sep;5(9):975-7.
* llimensee K, Levanduski M, Zavos PM. Evaluation of the embryonic preimplantation potential of
human adult somatic cells via an embryo interspecies bioassay using bovine oocytes. Fertil Steril.
2006 Apr;85 Suppl 1:1248-60.
4 Chang KH, Lim JM, Kang SK, Lee BC, Moon SY, Hwang WS. Blastocyst formation, karyotype, and
mitochondrial DNA of interspecies embryos derived from nuclear transfer of human cord fibroblasts
into enucleated bovine oocytes. Fertil Steril. 2003 Dec;80(6):1380-7.
® Chen Y, He ZX, Liu A, Wang K, Mao WW, Chu JX, Lu Y, Fang ZF, Shi YT, Yang QZ, Chen DY, Wang MK, Li
JS, Huang SL, Kong XY, Shi YZ, Wang ZQ, Xia JH, Long ZG, Xue ZG, Ding WX, Sheng HZ. Embryonic stem
cells generated by nuclear transfer of human somatic nuclei into rabbit oocytes. Cell Res. 2003
Aug;13(4):251-63.
® Tarkowski AK. Mouse chimaeras developed from fused eggs. Nature. 1961 Jun 3;190:857-60.
7 Tarkowski AK. Studies on mouse chimeras developed from eggs fused in vitro. Natl Cancer Inst
Monogr. 1963 Mar;11:51-71.
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The produced chimeric embryo was implanted in the uterus of a surrogate mother

(female mouse) and the eventual offspring’s fur was three-colored?® (Figure 1).

Figure 1. Chimeric mice.’

Since then, many chimeras were created using mice of the same

10,11,12,13

species with the main goal being the production of laboratory animals, that

could be used as a model to further study specific traits or diseases. Likewise, other

18,19 21,22,23

animal chimeras were created: rat,”’15 rabbit,16’17 sheep, goat,20 pig,

24,25,26,27

bovine and primates.”®

® Markert CL, Petters RM. Manufactured hexaparental mice show that adults are derived from three
embyronic cells. Science. 1978 Oct 6;202(4363):56-8.
9 Early Mammalian Development, Developmental Biology. 6th edition. Gilbert SF. Sunderland (MA):
Sinauer Associates; 2000.
1% Evans MJ, Kaufman MH. Establishment in culture of pluripotential cells from mouse embryos.
Nature. 1981 Jul 9;292(5819):154-6.
1 XY, Jia Q, Di KQ, Gao SM, Wen XH, Zhou RY, Wei W, Wang LZ. Passage number affects the
pluripotency of mouse embryonic stem cells as judged by tetraploid embryo aggregation. Cell Tissue
Res. 2007 Mar;327(3):607-14.
12 X, YuY, Wei W, Yong J, Yang J, You J, Xiong X, Qing T, Deng H. Simple and efficient production of
mice derived from embryonic stem cells aggregated with tetraploid embryos. Mol Reprod Dev. 2005
Jun;71(2):154-8.
B lee KH, Chuang CK, Wang HW, Stone L, Chen CH, Tu CF. An alternative simple method for mass
production of chimeric embryos by coculturing denuded embryos and embryonic stem cells in
Eppendorf vials. Theriogenology. 2007 Jan 15;67(2):228-37.
" Mayer JF Jr, Fritz HI. The culture of preimplantation rat embryos and the production of allophenic
rats. J Reprod Fertil. 1974 Jul;39(1):1-9.
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Interspecies animal chimeras

In 1973 the first interspecies animal chimeras (mouse - rat) were created by
Mulnard, Stern and Zeilmaker, who experimented simultaneously and independently
from each other. However, their experiments did not include the embryonic
development after the embryo’s implantation and it was only in 1975 that such
studies were conducted.” Later, there was also the creation of interspecies chimeras

involving mice (Mus musculus and Mus caroli),*® goat and sheep,** bovine (Bos

> Jannaccone PM, Taborn GU, Garton RL, Caplice MD, Brenin DR. Pluripotent embryonic stem cells
from the rat are capable of producing chimeras. Dev Biol. 1994 May;163(1):288-92.
' Gardner RL, Munro AJ. Successful construction of chimaeric rabbit. Nature. 1974 Jul
12;250(462):146-7.
v Schoonjans L, Albright GM, Li JL, Collen D, Moreadith RW. Pluripotential rabbit embryonic stem (ES)
cells are capable of forming overt coat color chimeras following injection into blastocysts. Mol Reprod
Dev. 1996 Dec;45(4):439-43.
® Tucker EM, Moor RM, Rowson LE. Tetraparental sheep chimaeras induced by blastomere
transplantation. Changes in blood type with age. Immunology. 1974 Mar;26(3):613-21.
% Butler JE, Anderson GB, BonDurant RH, Pashen RL, Penedo MC. Production of ovine chimeras by
inner cell mass transplantation. J Anim Sci. 1987 Jul;65(1):317-24.
2 Jia W, Yang W, Lei A, Gao Z, Yang C, Hua J, Huang W, Ma X, Wang H, Dou Z. A caprine chimera
produced by injection of embryonic germ cells into a blastocyst. Theriogenology. 2008 Feb;69(3):340-
8.
?! Onishi A, Takeda K, Komatsu M, Akita T, Kojima T. Production of chimeric pigs and the analysis of
chimerism using mitochondrial deoxyribonucleic acid as a cell marker. Biol Reprod. 1994
Dec;51(6):1069-75.
2 Anderson GB, Choi SJ, Bondurant RH. Survival of porcine inner cell masses in culture and after
injection into blastocysts. Theriogenology. 1994;42(1):204-12.
2 Nagashima H, Giannakis C, Ashman RJ, Nottle MB. Sex differentiation and germ cell production in
chimeric pigs produced by inner cell mass injection into blastocysts. Biol Reprod. 2004 Mar;70(3):702-
7.
* Brem G, Tenhumberg H, KrduBlich H. Chimerism in cattle through microsurgical aggregation of
morulae. Theriogenology. 1984 Nov;22(5):609-13.
> Boediono A, Suzuki T, Li LY, Godke RA. Offspring born from chimeras reconstructed from
parthenogenetic and in vitro fertilized bovine embryos. Mol Reprod Dev. 1999 Jun;53(2):159-70.
%6 |wasaki S, Campbell KH, Galli C, Akiyama K. Production of live calves derived from embryonic stem-
like cells aggregated with tetraploid embryos. Biol Reprod. 2000 Feb;62(2):470-5.
7 saito S, Sawai K, Ugai H, Moriyasu S, Minamihashi A, Yamamoto Y, Hirayama H, Kageyama S, Pan J,
Murata T, Kobayashi Y, Obata Y, Yokoyama KK. Generation of cloned calves and transgenic chimeric
embryos from bovine embryonic stem-like cells. Biochem Biophys Res Commun. 2003 Sep
12;309(1):104-13.
%8 Tachibana M, Sparman M, Ramsey C, Ma H, Lee HS, Penedo MC, Mitalipov S. Generation of
chimeric rhesus monkeys. Cell. 2012 Jan 20;148(1-2):285-95.
» Tarkowski AK. Mouse chimaeras revisited: recollections and reflections. Int J Dev Biol.
1998;42(7):903-8.
* Rossant J and Frels WI (1980). Interspecific chimeras in mammals: successful live chimeras between
Mus musculus and Mus caroli. Science 208: 419-421.
3 Fehilly CB, Willadsen SM and Tucker EM (1984). Interspecific chimaerism between sheep and goat.
Nature (Lond.) 307: 634-636.
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Taurus - Bos indicus),* quail and chicken.*® Some of these chimeras were fertile
while others developed malformations. These experiments proved beyond doubt
that the viability of chimeric embryos depends on the propinquity of the two species

involved.?

In 2010, the scientific team of Nakauchi attempted to inject induced
Pluripotent Stem Cells (iPSCs) from rats into mouse blastocysts and produced mice
with rat pancreas who led a -mostly- normal life. Experiments where mouse iPSCs
were injected into rat blastocyts yielded the same results.>® This study proved that
the production of xenogeneic organs that belong to an organism of another species

(and possibly even human organs) is feasible.

A 2014 study that took place in China also reached to some interesting
conclusions: embryonic stem cells from Rhesus macaque were injected into mouse

blastocysts and high percentages of chimerism were achieved.>”

Human-animal chimeras - State of the art

In a 1998 study, human embryo brain cells were transplanted and integrated
into embryonic rat brains, while preserving their ability to differentiate into several
kinds of neural cells.®® A study conducted in 2001, produced similar results by

transplanting human embryonic stem cells into the brain of newborn mice.*’

32 Summer PM, Shelton JN and Bel K (1983). Synthesis of primary Bos taurus-Bos indicus chimeric
calves. Anim. Reprod. Sci. 6: 91-102.
** Le Douarin N, Dieterlen-Lieévre F, Creuzet S, Teillet MA. Quail-chick transplantations. Methods Cell
Biol. 2008;87:19-58.
3 Kobayashi T, Yamaguchi T, Hamanaka S, Kato-ltoh M, Yamazaki Y, Ibata M, Sato H, Lee YS, Usui J,
Knisely AS, Hirabayashi M, Nakauchi H. Generation of rat pancreas in mouse by interspecific
blastocyst injection of pluripotent stem cells. Cell. 2010 Sep 3;142(5):787-99.
35 Fang R, Liu K, Zhao Y, Li H, Zhu D, Du Y, Xiang C, Li X, Liu H, Miao Z, Zhang X, Shi Y, Yang W, Xu J,
Deng H. Generation of naive induced pluripotent stem cells from rhesus monkey fibroblasts. Cell Stem
Cell. 2014 Oct 2;15(4):488-96.
* Briistle O, Choudhary K, Karram K, Hittner A, Murray K, Dubois-Dalcqg M, McKay RD. Chimeric brains
generated by intraventricular transplantation of fetal human brain cells into embryonic rats. Nat
Biotechnol. 1998 Nov;16(11):1040-4.
37 Zhang SC, Wernig M, Duncan ID, Bristle O, Thomson JA. In vitro differentiation of transplantable
neural precursors from human embryonic stem cells. Nat Biotechnol. 2001 Dec;19(12):1129-33.
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In 2001, scientists in the USA created human-primate chimeras by injecting
human neural stem cells into the forebrain of unborn primates and proved that
human neural cells can be integrated into the brain of primates.38 Another scientific
team in the USA transplanted spermatogonial stem cells from patients with
azoospermia to the seminiferous tubules of mice. The human stem cells kept
multiplying inside the mice and were detectable even 6 months after the

transplant.®

In 2003, a team led by Hui Zhen Sheng in Shanghai created a human-animal
chimera by implanting the nucleus from human somatic cells into rabbit egg cells
(fused nuclear transfer). The generated stem cells (nuclear transfer Embryonic Stem
Cells, ntESCs) maintained similar phenotype with that of conventional human

embryonic stem cells.

In 2006, a human-mouse chimera was created by injecting human Embryonic
Stem Cells (hESCs) into mouse embryos, giving the chance to study particular human
cell behaviors in non-human experimental models.*® High percentages of chimerism
were also achieved in a similar study in Israel, which included the microinjection of
human iPSCs into mouse embryos. However, these embryos were killed during early

. 41
stages of development due to moral and ethical reasons.

According to a recent study in 2017, the first human-pig chimeras were

created.”” The research used human Pluripotent Stem Cells (PSCs), which were

*8 Ourednik V, Ourednik J, Flax JD, Zawada WM, Hutt C, Yang C, Park KI, Kim SU, Sidman RL, Freed CR,

Snyder EY. Segregation of human neural stem cells in the developing primate forebrain. Science. 2001

Sep 7;293(5536):1820-4.

» Nagano M, Patrizio P, Brinster RL. Long-term survival of human spermatogonial stem cells in mouse

testes. Fertil Steril. 2002 Dec;78(6):1225-33.

0 James D, Noggle SA, Swigut T, Brivanlou AH. Contribution of human embryonic stem cells to mouse

blastocysts. Dev Biol. 2006 Jul 1;295(1):90-102.

* Gafni O, Weinberger L, Mansour AA, Manor YS, Chomsky E, Ben-Yosef D, Kalma Y, Viukov S, Maza |,

Zviran A, Rais Y, Shipony Z, Mukamel Z, Krupalnik V, Zerbib M, Geula S, Caspi |, Schneir D, Shwartz T,

Gilad S, Amann-Zalcenstein D, Benjamin S, Amit I, Tanay A, Massarwa R, Novershtern N, Hanna JH.

Derivation of novel human ground state naive pluripotent stem cells. Nature. 2013 Dec

12;504(7479):282-6.

2 \Wu J, Platero-Luengo A, Sakurai M, Sugawara A, Gil MA, Yamauchi T, Suzuki K, Bogliotti YS, Cuello C,

Morales Valencia M, Okumura D, Luo J, Vilarino M, Parrilla I, Soto DA, Martinez CA, Hishida T,

Sdnchez-Bautista S, Martinez-Martinez ML, Wang H, Nohalez A, Aizawa E, Martinez-Redondo P,

Ocampo A, Reddy P, Roca J, Maga EA, Esteban CR, Berggren WT, Nuiez Delicado E, Lajara J, Guillen I,
10



engrafted in pig blastocysts. When these embryos were transplanted into the womb
of female pigs and allowed to develop for 3 to 4 weeks, the results showed a lower
degree of chimerism, while the embryos showed abnormal development possibly
due to the differences between the two species (human and pig). However, some of
the human stem cells differentiated into muscle cells and early forms of organs, such
as liver and pancreas. This study showed for the first time that it is possible to create
human-pig chimeras, although many steps are yet needed to make the development

of human organs in pigs feasible so that they can be used in xenotransplantation.

Finally, it is worth mentioning another recent study published in 2017, in
which artificial mouse embryos were created.” According to this research, mouse
embryonic stem cells were assembled with extra-embryonic stem cells in a 2D
scaffold and created embryos morphologically similar to normal embryos. Although
these experiments did not involve chimeric organisms, they show that the creation

of artificial embryos is -under certain circumstances- technically feasible.

2.2. Techniques for the creation of chimeras

The experiments for the creation of chimeric embryos mentioned above are
conducted by applying several techniques, which are based on: a) embryonic
aggregation, b) somatic cell nuclear transfer and c) microinjection of cells -mostly

embryonic stem cells- into blastocysts.*

Guillen P, Campistol JM, Martinez EA, Ross PJ, Izpisua Belmonte JC. Interspecies Chimerism with
Mammalian Pluripotent Stem Cells. Cell. 2017 Jan 26;168(3):473-486.e15.
* Harrison SE, Sozen B, Christodoulou N, Kyprianou C, Zernicka-Goetz M. Assembly of embryonic and
extra-embryonic stem cells to mimic embryogenesis in vitro. Science. 2017 Mar 2.
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2.3. The utility of creating chimeras

The first experiments on chimeric mice that took place during the 1960s
aimed to study the mammalian development in early embryonic stages. Indeed, the
creation of animal chimeras can provide important information regarding
embryogenesis, organogenesis and also the genetics of organisms. What is more, the
study of the development and differentiation of embryonic stem cells in chimeras
may result in discovering more therapeutic applications of stem cells. Especially
human-animal chimeras can also become an alternative source of embryonic stem
cells. Finally, chimeras can also be used as models for the study of human diseases

and facilitate the study of mutations that are responsible for them.*

3. The ethical issues

The creation of hybrid or chimeric embryos by using human genetic material

raises some critical ethical issues.

These embryos can potentially become an alternative source of stem cells,

which will be useful in clinical applications (e.g. transplants) since stem cells:

a) May turn out to be compatible with the recipient’s organism and thus will
not be rejected and will not cause side effects at the same extent as animal grafts

(xenotransplantation), and

b) seem to “avoid” the moral issue of using human embryonic stem cells, a
practice often criticized due to the eventual inevitable destruction of the embryos

used.

However, it is not certain whether chimeric or hybrid embryos differ
fundamentally from human embryos in terms of their moral status. In particular, the
guestion raised is whether the human genetic material which is “involved” in the
development of the chimera’s or hybrid’s phenotypic characteristics during the

developmental process of reproduction, infringes the human value principle. In

* Razza EM, Emanuelli IP, Barros CM, Nogueira MF. State of the art on animal embryonic chimeras.
Trends in Developmental Biology 2013: 7.
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other words, whether, in any sense, utilizing our reproductive material in such ways
is degrading the value we attribute to our species. In this case, any benefit derived
from exploiting hybrid or chimeric stem cells is downplayed since a fundamental

principle of our civilization is contested.

To answer the aforementioned question, it is important to further delve into

the meaning of human value and what it entails specifically.

Its Kantian wording (humans are never to be treated merely as a means to an
end) seems to require “complete” human beings, meaning “persons” who are
autonomous. Autonomy is the trait that gives meaning to human value (and that
relates with every human being, regardless of other traits or a possible natural
incompetence to fulfill some aspects of autonomy), since it is the cornerstone upon
which we can enjoy our other fundamental rights. Treating an autonomous subject
of human value as a mere means to an end is degrading towards this value since it
negates its autonomy: “utilizing” a person contradicts its capability to determine

him/herself.

Therefore, if the concept of human value requires an autonomous and thus
the state of a complete human being, with birth serving as a landmark, it should not

be attributed lightheartedly to any previous life forms.

Human value can be attributed to an embryo in utero, in the sense that
throughout pregnancy a new person is being “prepared”, keeping however in mind
that there are cases of justified abortion. On the other hand, no human biologic
material (cells, tissues and organs) may be considered as a “subject” with human
value per se. That is why it is used in principle freely for research purposes without

any disputes.

The human reproductive material (gametes and in vitro embryos) belongs to
an “intermediate state”, although it is also used for research purposes -and not
exclusively in reproduction research-, a legitimate practice in many countries
(including Greece). Gametes and in vitro embryos differentiate from gestated
embryos because their developmental potential is limited: this is the case for

gametes as long as they do not participate in the fertilization process and for the in
13



vitro embryos as long as they are not implanted into a uterus. In such cases, it seems
difficult to connect the reproductive material with human value, as it was defined

previously.

A second question that needs to be addressed concerns the purpose of using
human biologic material, which is connected with triggering the process of
reproduction. That is, human DNA is not only inserted into somatic animal cells in
order to modify particular parts of their genome (genetic engineering) but adds as a
whole its genetic information to the already existing animal genome in order to
create a new organism. Is it possible in this case to attribute human value to the new

organism on the grounds that it possesses a complete human genome?

This is an impossible question to answer as long as there is no whole picture
of such an organism, so that we could compare its biological and, especially,
neurophysiological attributes to those of our species. This is crucial in order to
determine whether such organisms possess the human trait of autonomy. At the
same time, any attempt to complete such a reproduction seems unethical. Indeed,
the risk of adding an unbearable burden on the life of such a creature is high in a

society that would regard it as a “monster”.

Therefore, there is at least one moral limit in using human genetic material
for the “fertilization” of animal reproductive cells. The reproductive process must be
restricted to the in vitro development of the new organism and should not be
followed by its implantation in utero: the transfer of such an embryo to the uterus is
not morally acceptable due to the aforementioned reasons but also due to the

additional risks entailed for the surrogate organism.

But even beyond this moral limit, even if it is not sensible to associate human
genetic material in vitro with the established concept of human value, one may
wonder whether conducting experiments for the in vitro creation of chimeras or
hybrids creates uncertainty regarding the future use of these organisms. In other
words, a presumably successful creation of such organisms cannot exclude the
possibility that the “next step” is attempted: implantation into animals for further
study of the developmental process. This possibility, naturally, may endanger the

14



concept of human value since the embryo would develop in utero. It is doubtful
whether a legislation that would forbid transferring embryos to surrogate organisms
will suffice as a measure of preventing such risks or it would be preferable to forbid

the creation of the embryo in the first place.

4. The law

4.1. Internationally
Great Britain

Following the amendment of the Human Fertilization and Embryology Act in
2008, the British legislation prohibits the creation of hybrids by fusing an animal
ovum with human sperm but allows the production of chimeras, as well as of
cytoplasmic hybrids (cybrids) by inserting a human cell nucleus (and therefore

complete human genetic information) into an enucleated animal ovum.”

Australia

The Australian Iegislation46 prohibits the creation of hybrids and chimeras
with the “Prohibition of Human Cloning for Reproduction and the Regulation of
Human Embryo Research Amendment Act 2006”, which replaced to some extent the
previous “Prohibition of Human Cloning Act 2002”. The legislation prohibits
expressly the creation of chimeric embryos, the creation of hybrid embryos without
license, to place a human embryo into an animal, to place an animal embryo into the
body of a human for any period of gestation, and to place a human embryo clone

into the body of a human or the body of an animal.

After United Kingdom adopted an optional legislation regarding stem cell

research using hybrid embryos, Australian scientists responded promptly: Australia

* http://www.hfea.gov.uk/docs/Hybrids_Chimera_review.pdf.
*® http://www.bioethics.ac.uk/topics/human-animal-hybrids---chimera.php.
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does not wish to follow the example of the United Kingdom in hybrid research.
Specifically, Dr. Andrew Laslett, scientist in the Australian Stem Cell Centre claimed
that using animal cells entails risks that Australian scientists are not yet willing to
take. His main concerns included the inability to predict the results of such
experiments and the fact that no scientifically valid conclusions can derive from

these experiments.47

Canada

The Canadian legislation prohibits the creation of chimeras while it allows the
creation of hybrids. In any case, under no circumstances should an embryo be
transferred into a uterus in order to ensure that there will be no continuation of the

reproductive process.*

Cyprus

The Law 69(1)/2015 that governs “Medically assisted reproduction” in Cyprus
was voted on May 15, 2015. Article 18, paragraph 1, passage (c) of the Law states
that it is prohibited to place animal gametes or animal embryos into the body of a
woman. Furthermore, in passage (g) it is highlighted that the placement of an
embryo into the body of an animal is also prohibited. In article 18, paragraph 2, the
legislation prohibits the following: cloning for reproductive or therapeutical
purposes, creation of human embryos containing chromosomes from only the male

or the female parent, creation of chimeras and creation of hybrids.”

Italy

The current Italian legislation prohibits expressly the creation of chimeras and

hybrids. The Law 40/2004 governs the medically assisted human reproduction. Any

* http://www.abc.net.au/news/2008-05-20/australia-urged-not-to-follow-uk-on-human-
animal/2441764.
* http://www.hfea.gov.uk/docs/Hybrids_Chimera_review.pdf.
* http://www.cylaw.org/nomoi/arith/2015_1_069.pdf.
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issues regarding research on human embryos are governed by article 13, which
makes clear that it is not permissible to conduct experiments on human embryos.
According to this article, clinical research and experiments are allowed only for
diagnostic and therapeutic purposes and only if they contribute to the protection of
the embryo’s health and proper development. What is more, it is prohibited to
fertilize a human gamete with gamete from any other species as well as to produce

chimeras and hybrids.”’

Germany

United Kingdom’s decision in 2008 to legalize the creation of chimeras and
hybrids for medical research purposes was immediately met with negative reactions
in Germany.51 The German Federal Minister of Education and Research criticized the
United Kingdom’s decision, calling it wrong and ethically dubious. The German
Medical Association and several researchers remained skeptical about the utility of
such chimeras. The Minister warned that the European Union must check whether
any funds are directed to chimera research and that research organizations need to
be careful and make sure that the rules are being followed. According to the
Ministry’s spokesperson, “creating chimeras is against the law and that will remain
the case.” The vice-president of the German Medical Association also opposed
strongly the United Kingdom’s decision. He considered the decision to be a mistake
since viable embryos are to be destroyed, a practice inconsistent with the
developing life. He went on to add that there is no substantiation for the

expectations that therapeutic results will derive from such experiments.

The constant developments in science and research led the German Ethics
Council to opine on the legality of chimera and hybrid creation. The members of the
Council were unanimously in favor of the prohibitions laid down in section 7 of the
Embryo Protection Act (§ 7 ESchG): there is a ban on human embryos being born by

animals and on the creation of interspecies organisms using human embryos or

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4134786/,
http://jme.bmj.com/content/31/9/536.full.
>t http://www.dw.com/en/british-nod-to-embryo-chimeras-raises-hackles-in-germany/a-3351368.
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human and animal gametes. Additionally, any other process that involves inserting
animal genes into human DNA and allows animals to produce human genetic cells or
intents to transfer animal embryos into human bodies should be banned. The
Council also suggested that an explicit prohibition on the creation of human-animal
hybrids should be incorporated into the current legislation. Finally, its members
unanimously expressed the opinion that human stem cells should not be transferred
into the brains of primates and that the creation of primates having human genes

should be prohibited.52

USA

In contrast to European countries, in USA the National Institutes of Health
(NIH) is looking into the possibility to fund chimera research programs, even
research involving embryo development in utero (up until the stage before the
embryo develops neural cells, in order to make sure that the new organism will not

develop a brain).”

4.2. Greece

Article 2, paragraph 3 of Law 3305/2005 states that “chimera and hybrid
creation ...is prohibited”. It is evident that the prohibition applies to complete
entities that might be produced from the completion of the reproductive process
since the human value of such entities may be contested according to the
aforementioned arguments. This is underlined by the fact that the legislation
mentions this prohibition along with the prohibition of reproduction via cloning and

with the intent to highlight the degrading of reproduction in both cases.

However, it needs to be clarified whether the prohibition applies also to the

creation of in vitro embryos for research instead of reproduction purposes. Some

’http://www.biotechnologie.de/BIO/Navigation/EN/root,did=136786.html?view=renderPrint.
>* NIH Office of Science Policy, Next Steps on Research Using Animal Embryos Containing Human Cells,
Aug 2016, in: http://osp.od.nih.gov/under-the-poliscope/2016/08/next-steps-research-using-animal-
embryos-containing-human-cells.
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believe that in vitro embryos that may be produced using human genetic material, as
long as they are not implanted for reproduction purposes, can be perceived as
biologic material without the concept of human value and thus should be available
for research purposes. However, for legal and political reasons, should the above
approach is adopted, it is advisable to make a distinction between chimeras and
hybrids and the use of biologic material with human DNA, and this should be

clarified expressly by the law.

Athens, 2 May 2017
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