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Introduction:

Bill C-13, An Act respecting assisted human reproduction,?
proposes to regulate various elements of the creation of
novel beings. Though the bill is directed primarily at the
techniques and processes of human infertility intervention,
it is concerned secondarily with some aspects of human
embryo experimentation. The bill thus deals with the
circumstances under which chimera- and hybrid-making
would and would not be permitted, where the hybrid or
chimeraiscreated in part from human biological materials.

Inthisbrief commentary, | focus on the proposed regul ation
of chimera- and hybrid-making. | probe some definitional
oddities in the relevant portion the bill, assess possible
scientific rationales for creating transgenic beings from
human genes and cells, and touch on ethical and legal
aspects of regulating the creation of these sorts of novel
beings.

|. Definitional Issues

Bill C-13 distinguishes between “chimeras” and “hybrids.”
Creating either type of creature is, prima facie, prohibited
under the bill, carrying a maximum penalty of a fine of
$500,000 and/or aprison term of 10 years (though theactual
penalty assessed may be less severe). Section 3 of Bill C-13
defines “chimera” as:

1. anembryointo which acell of any non-human life
form has been introduced;
or

2. an embryo that consists of cells of more than one
embryo, foetus or human being.”

“Embryo”, as defined in s. 3, refers exclusively to
human embryos:
“embryo” means a human organism
during the first 56 days of its
development following fertilization or
creation, excluding any time during

which its development is suspended, and
includes any cell derived from such an
organism that is used for the purpose of
creating a human being.

“Hybrid” is also defined in s. 3 and means:

(@) a human ovum that has been fertilized by a sperm
of anon-human life form;

(b) an ovum of a non-human life form that has been
fertilized by ahuman sperm;

(¢) a human ovum into which the nucleus of a cell of
a non-human life form has been introduced;

(d) an ovum of a non-human life form into which the
nucleus of a human cell has been introduced; or

(e) a human ovum or an ovum of a non-human life
form that otherwise contains haploid sets of
chromosomes from both a human being and a non-
human life form.

Section 5(1)(i) prohibits chimera-making:
5(1) No person shall knowingly

(i)create a chimera, or transplant a chimera into
either a human being or a non-human life form;

Section 5(1)(j) prohibits hybrid-making:
5(1) No person shall knowingly

(j)create a hybrid for the purpose of reproduction,
or transplant ahybrid into either ahuman being or
a non-human life form.

Are these definitions scientifically or legally adequate? L et
us begin with hybrids. A vague definition of “hybrid” would
not have sufficed, either legally or scientificdly. An
example of avague definition is that provided by Genome
Canada, and adopted from the Human Genome Project
Information website: “ The offspring of genetically different
parents.”® At least in the case of animals (including
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humans), unless the parents areidentical twins, they will be
“genetically different.” A regulationprohibiting thecreation
of hybrids so defined would prohibit reproduction except —
per impossibile — between identical twins!

Within the context of a bill concerning human reproduction
and human reproductive materials, a

conventional or xenotransplantation) as chimeras. This is
because the definition isrestricted to the embryonic stage of
human development. Other definitions of “chimera’ are
much more inclusive, and would require deeming transplant
recipients to be “chimeras.”* A prohibition based on a too-
broad definition of “chimera’” would forbid transplant

surgeries — surely not the

scientifically adequate definition of
“hybrid” (involving human genetic
or cellular material) should capture
at least the following possibilities:
the fertilization of a human ovum
with non-human sperm; the
fertilization of a non-human ovum
with human sperm; theinsertion of a
non-human cell nucleus into a
human enucleated ovum; and the

intent of the bill in

At least in the case of animals (including | question.
humans), unless the parents are identical
twins, they will be “genetically different”. A
regulation prohibiting the creation of
hybrids so defined would prohibit
reproduction except — per impossibile —
between identical twins!

A third potential
advantage is that the
definition includes a
“catch-all” clause — it
does not detail which
techniques are
specifically prohibited,

insertion of a human cell nucleus

into a non-human enucleated ovum.

Aswritten, the Bill C-13 definition of “hybrid” does indeed
capture these four possibilities — subsections (a)-(d) in the
definition cited above. The Bill C-13 definition is, however,
more exhaustive, in that it contains as well a “catch-all”
subsection — subsection (e): “a human ovum or an ovum of
a non-human life form that otherwise contains haploid sets
of chromosomes from both a human being and anon-human
life form” (emphasis added). T his fifth subsection captures
possibilitiesfor hybridizing human and non-human genomes
not otherwise enumerated in the definition. Because the
definition of “hybrid” employed in Bill C-13 is clear and
exhaustive, the bill’s prohibition on hybrid-making is thus
very strong.

The sameis not true, though, of the prohibition on chimera-
making. For regulatory purposes at least appropriately
defining “chimeras” is considerably more complex than
appropriately defining “hybrids.” As noted above, the Bill
C-13 definition of “chimera” captures two possibilities: the
insertion of non-human cells into human embryos, and the
inclusion, within any single human embryo, of cells from
other human embryos, human foetuses, or human beings. It
is prohibited either to create such chimeras, or to implant
them in humans or non-humans. Thisis a narrow definition
of “chimera”; the narrowness of the definition provides for
both potential advantages and potential disadvantages.

Among its potential advantages is its precision. A
prohibition on the creation or implantation of chimeras so
defined is clear: it is forbidden to knowingly add “foreign”
cells to a human embryo by, for instance, fusing embryos,
or to implant an embryo so manipul ated.

A second potential advantage is that the definition does not
include, for instance, organ recipients (through either

but rather includes all

techniques for altering
human embryos through the addition of human or non-
human cellular material.

What, then, are its potential disadvantages? The most
glaring one is that the definition of “chimera” in Bill C-13
does not capture the insertion of human cells into non-
human embryos, or the implantation of acreature so created
in ahuman or non-human life form.> While the definition of
“hybrid” (and the correlative prohibition) refers to both
human-to-animal and animal-to-human combinations, the
definition of “chimera’ (and the correlative prohibition)
refers only to animal-to-human and human-to-human
combinations.® So, according to Bill C-13, itis prohibited to
insert non-human cells into human embryos (animal-to-
human chimeras) or to insert human cells into human
embryos (human-to-human chimeras), while it is not
prohibited to insert human cells into non-humans
(embryonic or otherwise — human-to-animal chimeras).’

In the Proposals for Legislation® drafted in 2001, the
proposed definition of “chimera” was considerably broader.
Section 9(3) of the Proposals defines a “chimera” as“(a) a
human embryo or foetusinto which acell of any non-human
life form has been introduced; or (b) a non-human embryo
or foetus into which a cell of a human being or of a human
embryo or foetus has been introduced” — both animal-to-
human (a) and human-to-animal (b) creatures are explicitly
recognized in the Proposals (although the Proposals do not
capture human-to-human combinations). The Proposals for
Legidation differ in other important ways from Bill C-13.°
For instance, chimera-making is not prohibited in the
Proposals, but rather regulated through licensing — see
section 9(1). Moreover, there isno definition of “hybrid” in
the Proposals; rather, section 9(2) of the Proposals
stipulates the requirement of a license in order to legally
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undertake to combine the genomes of humans and non-
human animals (which is distinguished in the Proposals
from creating chimeras).*

Scientifically, there is no
reason to draw a strong

concerning human reproduction, dealing with embryo
research only where the embryos in question are human
embryos. So we can easily understand the first legal
restriction on the definition of “chimera”: animal-to-animal
combinations are not, and
should not be, covered.

distinction among animal-to-
animal, animal-to-human,
human-to-animal, and human-
to-human chimeras. A
scientifically adequate

Scientifically, there is no reason to draw a
strong distinction among animal-to animal,
animal-to-human, human-to animal, and
human to human chimeras.

But there is a second legal
restriction of the definition of
“chimera” within Bill C-13:

only animal-to-human and

definition of a “chimera”
would be “an embryo’*
containing a mosaic of (at least) two genomes, produced,
e.g., viathe mixture of embryonic cells from two or more
species (or from two or more creatures of the same species)
at an early stage of development.” Such a definition has all
of the advantages of the definition contained in Bill C-13: it
is precise, it would not define transplant recipients as
chimeras, and it is exhaustive in the same way.

It isalso, unfortunately, entirely inappropriate within aBill
concerning human reproduction. T he definition proposedin
the previous paragraph is inclusive of human-to-animal,
human-to-human, animal-to-human, and animal-to-animal
combinations. But asthe drafters of Bill C-13 wereno doubt
well aware, abill concerning human reproduction should not
regulate animal-to-animal combinations. Despite its
scientific adequacy, then, thisdefinitionisover-inclusivefor
legal purposes within Bill C-13.

However, by the same token, the definition of “chimera” in
Bill C-13 may be deemed legally inadequate, because it is
under-inclusive in not capturing human-to-animal
combinations, such as the addition of human embryonic
stem cells to non-human embryos.

Presumably, a decisionwas made to restrict the definition of
chimeras and the correlative prohibitions in Bill C-13 to
animal -to-human and human-to-human creatures; that i s, the
exclusion of human-to-animal creatures was presumably
intentional, and not simply an error. If not —if it was, in fact,
merely a mistake to exclude human-to-animal combinations
— then remedying the deficiency of the Bill C-13 definition
is a quite straightforward matter.*? If we assume, however,
that the drafters of this legid ation had reason to restrict the
definition, then the legal and scientific aspects of the
definition of “chimera”’ areindependent (asisoften the case
in law): a “chimera’ scientifically construed (as in the
proposed over-inclusive definition above) isnot the same as
a“chimera’ legally construed.

That said, that Bill C-13 does not regulate the creation of
animal-to-animal chimerasis entirely reasonable: itis abill

human-to-human creations
count as chimeras (the creation
and implantation of which are prohibited). But why
shouldn’t human-to-animal creations count, legally, within
Bill C-13, as chimeras?

Il. The Ends of Transgenesis

An answer may be sought in a brief exploration of the goals
of chimera research. Biomedical scientists justify the
creation of novel transgenic beings (without using human
cellular or genetic material) on a variety of grounds.”® A
standard theoretical justification i sthat genetic manipul ation
(such as gene “knock-out” and “knock-in" experiments)
permit ostensibly unambiguous interpretation of gene
function in development.™ Another more practical
justification is that transgenic organisms can be used to
better understand and eventually to intervene in human
development, both normal and, more often, disordered.
Because chimeras and hybrids can be made to yield, quite
consistently and reliably, the disordered phenotype of
interest, they are putatively ideal models for increasing
knowledge about disease states and aetiology. Of course,
development isaremarkably complex affairinall creatures,
and the relationship between genome and phenotype is
virtually never linear® The justification for creating
transgenic beings, though, isthat such beingscanilluminate
particular aspects of biology in ways impossible (or at |east
supremely difficult) through non-transgenic research.*

That said, why should anyone want to create a hybrid or
chimera using human cells?"” Recall the distinction among
animal-to-human, human-to-human, and human-to-animal
creations. Bill C-13, as it currently reads, prohibits the
creation of all hybrids as well asthe creation of animal-to-
human and human-to-human chimeras, but permits (or at
least does not prohibit) the creation of human-to-animal
chimeras. It is quite straightforward to grasp the scientific
rationale for creating human-to-animal beings (whether
hybrids or chimeras): to facilitate the study of human
biology, normal and disordered.
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DNA sequences are widely conserved throughout the
organic world. That is, the human genome contains DNA
sequences that are present as well in adisparate variety of
other genomes — chimpanzee, mouse, fruitfly, evenriceand
yeast. Comparative genomics research promises to yield
new insights into the similarity

reasons is based on science, the other on morality. | will
address each in turn.

Giventheanalysisin section || of this essay, we can thereby
infer that the empirical difference that makes for a legal
differencein thefurther

between DNA sequences in these and
other organisms.’®* The mouse is
standardly used as a model for

But why should transgenic manipulation of
the human genome be forbidden?

restriction of the
definition of
“chimera,”is that we

research into human diseases; this is
not only because mice have short
generation times, produce largelitters, and we have detailed
knowledge of how to manipulate the mouse genome, but
also because, in addition to sequence similarity, thereisalso
some similarity of function between mouse genes and
human genes. But biomedical researchersare not interested,
for the most part, in studying mouse diseases; they want to
investigate human diseases. Hence the desirability of
transgenic mice, engineered withDNA from ahuman-—such
as a particular mutation believed to be involved in the
aetiology of a human disease. The human DNA may in fact
be very smilar to the mouse DNA that it supplements or
replaces. But there may also be important differences
between the two stretchesof DNA . A transgenic (human-to-
animal) being may thus afford critical insight into gene
expression and the development of the disorder. Clearly,
though, there are distinct phenotypic differences between
humans and mice, such that mice are not ideal model
systems for humans: in the case of cystic fibrosis (CF), for
instance, mice usefully model CF-related intestinal
abnormalities, but “do not model the devastating lung
disease of CF patients.”*® Accordingly, sheep, pig, primate,
or other models may be sought for transgenic purposes.”

A possible objection to thisrationale for producing human-
to-animal creaturesisthat it is difficult to extrapolate results
from animal models to humans, just as it is difficult to
generalize results from one species across all (or some)
other species. The rejoinder would be that studying
specifically human DNA within the context of a transgenic
model system would remove some (even if not all) barriers
to scientific inference (thisis an empirical claim to be borne
out or disconfirmed through additional research).

Given the scientific rationales summarized here, as well as
the discussion of definitional issues in section | of this
essay, | now attempt to assessthe logic of thisaspect of Bill
C-13

lll. Justifying Prohibitions
Let us begin by inferring two possible reasons for the

changein the definition of “chimera” from the Proposalsfor
Legidation to the final text of Bill C-13. One of these

can reasonably foresee
biomedical benefits
from the creation of human-to-animal chimeras; there is,
though, no biomedical or scientific reason to create animal-
to-human chimeras. Thus, we should not prohibit the
creation of human-to-animal chimeras (in fact, according to
Bill C-13, we should not even call them “chimeras”), while
we should prohibit the creation of animal-to-human
chimeras. That there is no scientific rationale for creating
animal-to-human chimeras is a sound reason to prohibit
such activity, while the existence of a scientific rationale for
creating human-to-animal chimerasis a sound reason not to
prohibit such activity.

But should a suitably compelling scientific rationale be
presented for the production of human-to-human or animal-
to-human chimeras, would these creations eventually be
permitted (possibly with a license)? If the answer is no,
then, presumably, the drafters of Bill C-13 would explain
that their definitional decision was informed by both
scientific and extra-scientific factors.”

Scientific rationale thus plays an odd role in the definitions
and prohibitions in Bill C-13. If science were all that
mattered, then presumably the creation of all biomedically
useful chimeras would be permitted. But science isnot all
that matters. What else matters, or should matter, and why?

Perhaps the drafters of Bill C-13 were swayed by ethical
arguments. If so, then we can tease out another reason for
prohibiting the creation of animal-to-human and human-to-
human chimeras: to guard against transgenic manipulation
of “our” genome as the likely next step following on
manipulation of the genomes of other creatures, including
non-human primates. But why should transgenic
mani pulation of the human genome be forbidden? On what
grounds might one argue the case? These are among the
most difficult questions ever pondered by philosophers® —
but, aside from vague, unsubstantiated referencesto “ human
dignity” and “the integrity of the human genome,” no
answers are forthcoming in the context of Bill C-13.

W e know through Bill C-13 what would be permitted and
what would be prohibited should the bill become law. But
we know virtually nothing, through Bill C-13, about why
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making human-to-animal chimerasshould not beprohibited,
or why the creation of all interspecific hybrids involving
humans, and the creation of human-to-human and animal -to-
human chimeras should be prohibited.

The law need not justify legal definitions or prohibitions,
which is eminently convenient in this particular case,
because morally justifying the prohibition on someforms of
chimera-making is no easy task. Nonetheless, philosophers
and lay folk may well demand justification for both the
permissions and prohibitions contained within Bill C-13;
they will be disappointed to find no justification in the bill
asit currently reads.

Jason Scott Robert, Assistant Professor and CIHR New
Investigator, Department of Philosophy, Dalhousie University,
Halifax Nova Scotia.
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