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INTRODUCTION

In vivo inutagenesis research in mice has been
providing opportunities for studying certain developmental
biology problems that are not feasible to perform in humans.
Two of these problems involve (a) the pathogenesis of
certain defects for which there are human homologs, and
(,h) the study of a large class of developmental anomalies in
which the etiologies are unknown. Study of the former makes
use of the. wealth of mutant stocks that were produced in
mutagenesis research, while study of the latter is
concomitant with the study of niutational mechanisms.

Developmental Anomalies Among Descendants of Carriers of
Balanced Reciprocal Translocations

Heritable reciprocal translocations have, so far, been
the major endpoint of transmitted genetic damage induced by
environmental mutagens in mammals. Ethylene oxide,
acrylamide, and methylenebisacrylamide are examples of
checiicals to which human exposures are known to occur and
for which data indicate effective induction of heritable
translocations in mice (Generoso et al, 1980; Shelby et al,
1987; Rutledge et al, in press). Most mice that are
carriers of induced balanced reciprocal translocations do
not exhibit: abnormal development other than sterility or
semisterility. Sterility is usually caused by impaired
gametogenesls (Cachelro et al, 1974). Semisterility, on
the other hand, results from the production of gametes with
unbalanced chromosome complements that lead to early
embryonic death - i.e., death occurs at the periimplantation
stages which is usually exhibited as resorption bodies.
In humans, such early embryonic lethality is medically



inconsequential. However, it is known in both humans and
mice that certain unbalanced segragants allow survival of
conce.pt.usei to fetal and neonatal stages. Recently,
R.utledge et al. (in press) observed that among progeny of
more than half of rcethylenebisacrylamide induced male
semisterila translocation carriers there was increased
incidence of raid- and late gestation fetal anomalies • that
are assumed to be caused by a class of unbalanced segregants
that are compatible with survival beyond the second haxf of
gestation. In humans this class of feta1. anomalies pose a
major health problem to the mother and her conceptus.

Translocation stocks that produce late-surviving
unbalanced segreganCs are valuable in studying the
cytogenetic nature and meiotic etiology of this class of
defects. Furthermore, when a given defect has a human
honmlog, the stock can serve as a model in understanding the
developmental basis of the defect. One example of such a
translocation is oGso (radiation-induced), which produces; an
unbalanced segregant with a head defect that is analogous to
human Frontonasal Dysplasia (Thayer et al, 19S9) . The
affected offspring have eye malformations, growth
retardation, and variable degree of midfacial clefting. The
craniofacial abnormalities are apparent as early as the
ninth day of gestation (just after the time of normal neural
cube closure and corresponding to late fourth week
gesta 'on in humans) . At this stage, excessive cell death
is particularly evident in the frontonasal prominence
ectoderm and mesenchyme. Karyotype analysis (Cacheiro
et al, in preparation) revealed that the balanced
reciprocal exchange involved breakpoints in the middle of
chromosome 15 and at the distal end of chromosome 19. The
unbalanced segregant with Frontonasal Dysplasia has a
duplication for about half of chromosome 15 and a very small
deletion of the distal region of chromosome 19, a product of
adjacent-1 segregation.

Several translocation stocks that produce chromosomally
unbalanced fetuses with specific malformations have been
studied in this laboratory. Detailed cytogenetic analysis
of the rearrangements Jind of the malformed segregants and
the meiotic processes that are responsible for their
production will be reported elsewhere (Cacheiro et al, in
preparation).



hutngati-Iaduced Developmental Anomalies Following Exposure
of the Zymotic Stages

The zygote, i.e., the stage of development between
sperm entry aad first cleavage division, lasts almost a day
in the mouse. Both the male and the female contributions
undergo a series of complex developmental changes
culminating in DNA synthesis, chromosomal replication, and
cleavage division. Recent studies of the response of this
cell to certain chemical mutagens (Genaroso et al, 1087,
1988; Katoh et al, 1989; Rutledge and Generoso, 1989;
Russell et al, 1988) and ionizing radiations (Pampfec and
Screffer, 19SS, 1989) have demonstrated the susceptibility
of exposed zygotes to develop into fetuses with defects.
The frequency of induction and the expression of fetal
anomalies are dependent upon the zygatie stage exposed and
the mutagen used. Evidence suggests that the types of
mutagenic damage that lead to various anomalies may also
differ from one niutagen to another.

For a long time it has been assumed that the zygote is
refractory to insults that could, otherwise, induce
malformations when exposure occurs during the period of
major organogenesis. The concept, which has been used in
reproductive toxicology evaluation, is that if the dose to
the zygote is high enough, early deaths occur among some of
the embryos but those that survive have no developmental
anomalies except for slight growth retardation. This
concept was recently found not to be true in the case of
some known mammalian germ cell mutagens. Fir'st to
demonstrate this was the finding that ethylene o::ide
administered by inhalation to females 1 or 6 hours after
mating (just before sperm entry or early pronuclear stage)
induced a remarkably high incidence of fetal malformation
and death (Generoso et al, 1987). Subsequently the
chemical mutagens, ethyl methanesulfonate (EMS), ethyl
nitrosourea (ENU), and triethylene melaraine (TEM) and the
ionizing radiations, neutrons and X-rays were also found to
induce zygote-derived fetal anomalies (Generoso et al,
1988; Pampfer and Streffer, 1988).

Classif icatioTt of fetal anomalies. Detailed
characterization of fetal anomalies induced by the mutagens
studied so far shows differences between certain mutagens in
the types of fetal anomalies produced. The most striking is
the high frequency of fetal death and hydropia among EMS-



not the likely causa of midgestation and lata fetal deaths
induced by EcO or EMS, since ENU does not: induce this type
of anomaly, but they also were not able to attribute them to
structural and numerical chromosomal aberrations. It was,
than, concluded that the lesions induced in zygotes by EtO
or EMS ara different from conventional ones and, therefore,
could be a novel one in experimental mammalian mutagenesis.
This problem is under investigation in this laboratory.

Relevance to human developmental defects. It has been
estimated that the vast majority of human malforraations
(about 70"i) are of unknown etiology (Shepard, 1984) . They
occur as sporadic anomalies. Many of the zygote-derived
fetal anomalies produced by EMS or EtO generally resemble
this class of human malformations. Examples are clpfc
palate, omphalacale, club foot, hydrops, and stillbirth
(Czaizel, 1985; Oakley. 1986; Rutledge and Generoso, 1989).
Thus, fetal death and defects produced in the EMS and F:'.tO
experiments may have some bearing on the occurrence of
stillbirths and common sporadic defects in humans. In other
words, the possibility exists that oue mechanism for the
pathoget'.esis of this class of defects in humans is a genetic
one, but of a type that is still unknown. The mouse
experimental system presents an opportunity for studying the
nature of the underlying mutagenic damage and the molecular
pathogenesis of this class of anomalies by virtue of the
accessibility of the zygote and its descendant blastomeres.
Such studies could contribute to the understanding of the
etiology of certain sporadic but common human malformations.

The vulnerability of the zygotes to mutagens as
demonstrated in the studies described in this report should
be a major consideration in chemical safety evaluation. It
raises questions regarding the danger to human zygotes when
the mother is exposed to drugs and environmental chemicals.
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