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NOTICE: The project that is the subject of this report was approved by
the Governing Board of the National Research Council, whose members are
drawn fram the councils of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine. The members of the
comittee responsible for the report were chosen for their special
campetencies and with regard for appropriate balance.

This report has been reviewed by a group other than the authors according
to procedures approved by a Report Review Camnittee consisting of members
of the National Academy of Sciences, the National Academy of Engineering,
and the Institute of Medicine.

The Institute of Medicine was chartered in 1970 by the National Academy of
Sciences to enlist distinguished members of the appropriate professions in
the examination of policy matters pertaining to the health of the public.
In this, the Institute acts under both the Academy’s 1863 congressional
charter responsibility to be an advisor to the federal goverrment and its
own initiative in identifying issues of medical care, research, and
education.

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad commnity of science and
technology with the Academy’s purposes of furthering knowledge and
advising the federal government. Functioning in accordance with general
policies determined by the Academy, the Council has became the principal
operating agency of both the National Academy of Sciences and the National
AmdemyofErgmeernr;mprcvﬂmgservmestotheqcvenment, the
public, and the scientific and engineering conmnities. The Council is
administered jointly by both Academies and the Institute of Medicine.

This project received support from the National Academy of Sciences
Basic Science Fund and the U.S. Department of Agriculture (Contract
59-32U4-8-63/R) .
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The conmittee appreciates the generous contribution of time and knowledge
of those who presented papers at the comnittee’s workshop at the Arnold
and Mabel Beckman Center, Irvine, California, August 21-23, 1988. The

thought-provoking papers contributed to the workshop, and the presence of
exceptional scientists and clinicians stimulated outstanding discussions.
The committee gained invaluable knowledge and insight into issues in
research in reproductive and developmental biology that provided the basis
for its deliberations. I want to extend the gratitude of the camnittee to
all who attended the workshop. By offering those resources that we all
value — time and knowledge —— the committee’s work was greatly
facilitated.

Kenneth J. Ryan

Chairman

Coamittee on the Basic Science Foundations
of Medically Assisted Conception
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This report is the result of a study by a camittee of the Institute
of Medicine (ICM) and the National Research Council’s Board on
Agriculture. The study results from a 1984 meeting of an ad hoc graup
convened by the National Acedemy of Sciences to discuss aspects of genetic
engineering of the human germline. It was noted that because of a policy
that, in effect, prohibited the use of federal funds for research
involving human embryos, the clinical practice of in vitro fertilization
and embryo transfer (IVFET) was in danger of outstripping its scientific
foundations. Moreover, the United States had not systematically reviewed
the current state of knowledge and practice of IVFET. In 1986, the IM’s
Board on Health Sciences Policy convened a meeting of experts in the
fields of human and animal research, clinical practice, law, ethics, and
public policy to consider same of the issues raised at the earlier
meeting. This group was asked to advise the IOM on whether it should
pursue a study in any of the areas in which difficult issues had been
raised by the practice of medically assisted conception—namely,
professional, social, legal, and ethical issues, in addition to questions -
of science policy. The group identified several topics to which the IM
could make a substantial contribution. An important result of the meeting
of this group was to highlight the scientific contribution of research
relating to animal uses of medically assisted conception, and the lack of
cammication between those working to further uman clinical IVFET and
those working in the animal sciences. This study of the basic science
foundations of medically assisted conception results fram the
recamendations made by this group of experts.

Scope of the Study

A camittee was appointed whose membership included individuals with
expertise in the clinical practice of in vitro fertilization, research in
“animal and human reproductive and developmental biology, and physiology.
The camittee was asked to examine the basic science foundations of
medically assisted conception, and develop an agenda for basic research in

ive and developmental biology that would contribute to advances
in the clinical and agricultural practice of IVFET. This research would
also be applicable to other concerns in human and animal reproduction such
as male and female infertility and contraception. Because of limitations
on research using human embryos, the camnittee was also asked to identify
animal systems that provide useful models for specific aspects of
medically assisted conception. In addition, the camittee was asked to
address ways of diminishing barriers to progress in reproductive research
and consider ways of fostering commmication between investigators
oriented to human clinical questions and those interested in studies of

- vii -
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This study was prampted by a concern that, because of a policy that
in effect prahibits the use of federal funds for research involving human
embrycs, the clinical practice of in vitro fertilization and

camunication among those working to further mman clinical IVFET and
those working in the animal science area, the knowledge developed in one
sector was not being conveyed to the other. As a result progress in each
sector was seen as being slowed.

An Institute of Medicine cammittee was appointed to examine the basic

. vays
of diminishing barriers to progress, and to recammend ways of bringing
together the veterinary and human reproductive research workers.

'n\ecanterpigceofﬁ:esnﬂy\asawﬁcsltpatmidmclﬁdciamam

Social Concerns That Can be Addressed By IVFET

Research directed at pushing forward the frontiers of medically
assisted conception has the potential to provide benefits beyond the
limited mmber of couples whose infertility may be solved by IVFET. There
are expectations that such research would enable practitioners to identify
genetic defects in embryos without damaging them, and to determine the sex
of embryos without damaging them, so that those with sex-linked genetic
diseases can be identified at a very early stage. Major areas to which
advances in basic reproductive biology would make large contributions
include:

Copyright © National Academy of Sciences. All rights reserved.
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o Infertility. The magnitide of the prublem of hman infertility
is reflected by the number of wamen with "impaired fecundity" — 4.4
million or 8.2 percent of wamen of childbearing age in 1982 (National
Center for Health Statistics, 1985). By ane estimate, more than half of
the 4.2 million women who have been surgically sterilized for
non—contraceptive reasons, and half of the 4.4 million subfecund women
would like to became pregnant. Furthermore, ane million women between the
ages of 15 and 44 who were or had been married reported at least one
medical visit for infertility in 1982 (Fuchs and Perrault, 1986).
Although data cannot describe the emotional toll of infertility, the
camumnications media are beginning to portray same of the distress. The
lengths to which couples will go in attempting to conceive and the
formation of natiorwide support groups for childless pecple are indicators
of the pain of childlessness. Although IVFET is a solution for only
limited mmbers of infertile couples, research that advances the
of IVFET also has the potential of advancing other forms of infertility
treatment.

Numerocus infertility treatments exist, including education to give
cauples sufficient knowledge of reproductive biology, surgical repair,
artificial insemination, and the use of drugs to induce ovulation. Two
major new technologies are IVFET and gamete intrafallopian transfer
(GIFT). These are camplicated technologies. The simple description that
follows will facilitate understanding of the research agenda developed by

the camittee.

For IVFET, eggs are removed fram the woman either during a natural
cycle or after growth and matux has been stimulated by
such drugs as human menocpausal This latter method has the

advantage of allowing more than one cocyte to pe harvested. The egg is
placed in a petri dish together with washed sperm that have been treated
to ensure capacitation. If fertilization is achieved, the process of
cleavage starts, and samewhere between the 2- and 16-cell stage, the
embryo is transferred to the uterus. Pregnancy is established when the
developing embryo implants itself into the wall of the uterus. More than
one embryo may be transferred to the uterus.

For GIFT, growth and retrieval of eggs are performed in a mammer
similar to that used for IVFET. Semen is collected and placed in a
catheter with the eggs, and they are then transferred to the fallopian
tube. Fertilization takes place in vivo.

undergo:
that has been synchronized with the danor’s cycle.

Contraception. Advances in the basic science that would improve
ﬂeclhﬁmlpractioeofassistadcamtimmﬂd at the same time, help

in the search for better contraceptive technologies. Despite widespread
use of such contraceptive methods as sponges, surgical sterilization,
intrauterine devices, and birth control pills, there remain unresolved

-2 -
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problems of safety and efficacy. The search for improved forms of
contraception is spurred not only by the desire of individuals to gain
control over their reproductive lives, but also by the social cost of
uwanted pregnancies and the problems caused by fast-growing populations
in countries unable to provide an adequate standard of living for the
present population.

0 Agriculture. The application of assisted conception
has made rapid inroads in the damestic cattle industry. Artificial
insemination is the norm, with 70 percent of dairy cows conceiving in this
manner in 1985. In less than two decades, a multimillion dollar IVFET
bovine industry has developed. About 25 percent of embryo transfers in
1984 were of frozen embryos. Artificial insemination has resulted in
genetic improvements in dairy cattle that have doubled milk production per
cow in thirty years (First, Crister, and Robl, 1985). Embryo transfer
technology increases the rate of production of valuable cows. The
adoption of new reproductive technologies to enhance the production of
food-producing animals has the potential for lowering the cost of food and
quickening the process by which animals genetically suited to difficult
climates can be created.

o Biodiversity. Advances in reproductive technologies may sustain
biodiversity by improving the reproductive efficiency of endangered
species.

O Primates for Research. A limited mumber of primates are in
captivity and available for research, and there is a possibility that the
capture of more may be halted because of concerns for the future of the
species. It will be increasingly important to maximize the reproductive
capabilities of the primates available to science.

Barriers to Progress in In Vitro Fertilization and Embryo Transfer

Since the birth of Louise Brown in England in 1978, in vitro
fertilization with embryo replacement has became an established method of
treatment for certain types of infertility that do not respond to
alternative methods of treatment. However, the chances of success in IVF
are relatively low. In 1985, 14.1 percent of stimilation cycles resulted
in clinical pregnancies. In 1986 this figure rose to 16.9 percent
(Fertility and Sterility, 1988). But, the proportion of wamen entering
treatment who attain a live birth is far lower — only 8.9 percent of
oocyte retrievals ended in live birth (Journal of the American Medical
Association, 1988). Why are the odds for successful IVFET so low? The
state of clinical practice of IVFET today is limited by lack of knowledge
of same of the basic reproductive biology involved. This is caused, in
part, by the many ethical questions raised by research in pursuit of the
needed information. Difficulties in resolving these issues have caused
the research to be deprived of federal funding.

-3 -
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Ethical and Social Issues

consequences
questions focus on the status of the embryo at
development. How the embryo is regarded dictates what is morally
acceptable to do to it.

At one end of this spectrum of thought is the position taken by the
Raman Catholic Church. The Vatican’s Instruction on Respect for Human
Life states that "from the first moment of its existence until birth .
no moral distinction is considered between zygotes, pre—embrycs, cﬁn‘yos
or fetuses" (cited in Fertility and Sterility, 1988b). Therefore, the
absolute sanctity that is accorded to post-natal mman life begins with
the zygote. This concept makes it impossible to discard spare embryocs or
use them for research purposes. At the other end of the spectrum is the
position that an embryo is merely biological material like any other group
of living cells. The special value that might be attached to that
material results fram the expectations or aspirations of others (Office of
Technology Assessment, 1988).

;
§
:
g

Midway between these two positions is one that holds that "the man
embryo is entitled to profound respect; but this respect does not
necessarily encampass the full legal and moral rights attributed to a
person" (Department of Health, Bducation, and Welfare, 1979). Holding
this position, the Ethics Advisory Board (established by the Department of
Health, BEducation and Welfare (DHEW) in 1979) concluded that research was
acceptable on embryos up to 14 days after fertilization.

The Federal Govermment and Embryo Research

Policy concerning research on human subjects has been slowly evolving
since the 1960s. A study group was convened at NIH to develop guidelines,
and a National Advisory Camnission on Health Science and Society was
proposed by Senator Walter Mondale in 1968 to examine developments in
medical research. Following reports of the infamous Tuskegee syphilis
experiments, IHEW recammended that Congress establish a permanent body to
requlate federally funded research using human subjects.

In the 19708 the abortion issue became linked to the issue of embryo
research. After the Roe v. Wade decision legalized abortion under certain
conditions, concern developed that women would be pressured into having
abortions and the sale of aborted embryos might occur. In 1974, the
federal goverrment created the National Camission for the Protection of

-4 -
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Hman Subjects (P.L. 93-348). Until this commission reported to Congress,
research on the living fetus was prohibited unless it was used to help
that fetus survive. In 1975, DHEW issued regulations based on the
findings of the camuission. These regulations did not cover embryo
research. The camission also recammended establishing an Ethics Advisory
Board (EAB) to review requests for research on embryos and in vitro
fertilization. However, in 1980, the Secretary of DHHS allowed the EAB
charter to epire. Thus, no research could be approved, and federal
funding of embryo research was de facto prohibited. As a result, embryo
research has relied on private funding from patient care revemes,
pharmaceutical campanies, and university budgets.

Since 1985, efforts have been made that, if successful, might
establish same rules under which embryo research could proceed. However,
the chances of such an cutcame in the near future appears to be slim. A
Congressional Biamedical Ethics Board, composed of six senators and six
representatives, has been appointed. This group established a Biomedical
Ethics Advisory Committee. In 1988 the Department of Health and Human
Services amnounced its intention to revive the Ethics Advisory Board and
publish a proposed charter. A final charter is awaited.

Damestic and Foreign Decisions Concerning Embryo Research

The two professional societies in the United States that represent
the physicians most involved in human IVFET have considered ethical
questions about the practice of IVFET and embryo research. In 1986 the
Comnittee on Ethics of the American College of Gbstetricians and
Gynecologists (ACOG) (1986) issued a statement that acknowledged the
ethical issues posed by the creation of embryocs ocutside a uterus, the
dilemma of surplus embryos, and the acceptability of research using early
human enbryos. The ACOG camittee recammended that human embryos should
be used only if nonhuman embryos could not provide the needed knowledge.
It also recammended bamning research on embrycs that had reached the age
of 14 days. The American Fertility Society (AFS) also issued a report in
1986, approving experiments on embryos up to 14 days (Fertility and
Sterility, 1986). A year later, after consideration of the Vatican’s
Instruction for Human Life in its Origin and on the Dignity of
Procreation, issued by the Congregation for the Doctrine of Faith, the AFS
issued another report. This report stated that progressive degrees of
respect are due with progressive development of embryocs, and that
experimentation can be justified and is necessary if the human condition
is to be improved (Fertility and Sterility, 1988b).

The goverrment of the United States, since 1979, has not followed the
lead of nations that have systematically examined issues related to human
IVFET. Since 1979, at least 85 statements have been prepared by

-5-
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camittees representing at least 25 countries. Four Australian camittees
found research on early (preimplantation) embryos to be ethically
\racceptable. Eleven camnittees approved at least same kinds
of early embryo research. Six of these accept such research only on
left over from clinical activities. Five camittee statements
(including the 1979 DHEW Ethics Advisory Board) would allow the creation
of embryos for research purposes. Although the majority of camittees
favor limiting research on embryocs to up to fourteen days, cne camittee
allowed it only to seven days, and one only through the first cleavage
(Walters, 1987).

In sum, mmerous groups have wrestled with questions related to the
ethical problems of embryo or fetal research. Same have based their
conclusions on religious tenets, same on an interpretation of scientific
knowledge, same on a mixture of both.

Other Barriers to Scientific Progress

Other factors besides ethical considerations are slowing the progress
of research in areas of reproductive bioclogy related to assisted

conception.

Deficiencies in the Science Base Papers presented at the camittee’s
workshop and the research agenda developed from that workshop indicate
deficiencies in the scientific underpinmnings of reproductive bioclogy, and
identify many areas in which further research efforts would make major
contributions to improvements in medically assisted conception. The
deficiencies are on three levels: basic science knowledge; knowledge
needed to improve the technologies being used for medically assisted
conception, such as cryobiology; and knowledge needed to improve both
hman and animal clinical practice of IVFET.

Research Funding Approximately $155 million anmally is spend on
research in reproductive processes. Federal agencies are the

support for research. In 1986 they provided $109 million for research in
reproductive processes (National Institutes of Health, undated). Federal
funds for research relating to agricultural animal reproduction are
available from the U.S. Department of Agriculture.

Funding for basic research in reproductive biology is undoubtedly
constrained by the lack of vocal and focused advocacy groups. lLacking
such a voice a major increase in federal support is unlikely.

AT Re a8 Discussion with the
xiwﬁstsuﬂclinicmsatthecamittae'swﬁ:ﬂwmledanm
of available mechanisms for conmmications among the individuals involved
with various aspects of research in reproductive biology — basic,
clinical, animal sciences, etc. Alsomledmsadesixafurg:um

-6-
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camunication to allow cross-fertilization of ideas and development of
mgoingmlatiashipsmgimestigatmspmdmsimﬂarww
problems.

m 'Ihe ca:m.tt:ae's wotkshm n:widai mnyoccellem:e:mpls of

instances in which information ak ve physiology derived from
animal models has been useful in mman physiology. However,
animal models cannot suffice for all central

questions;
progress is same areas requires the use of human tissue. An example of
this is investigation of reasons for developmental failure of human

embryos.

Although specific primates are good models for same aspects of human
reproductive physiology, there are only a limited mmber of monkeys of
desirable species in captivity and many of them are presently being used
for AIDS research.

Research Agenda

A workshop was held August 21-23, 1988 at the Arnold and Mabel
Beckman Center in Irvine, California. Overviews of the experience gained
by the clinical practice of IVFET and of the practice of assisted
conception in food-producing animals directed attention to unanswered
questions that will require basic science research for their resolution.
These questions reflect important gaps in our knowledge of the biology of
all the stages of reproduction fram the development of male and female
gametes to the process of embryo implantation. The topics listed below
are areas in which further research was recammended by workshop
participarltsarﬂcauntteemxs Work in these areas is expected to

increase understanding of the biology of reproduction with the hope that
increased knowledge will eventually lead to improvements in the practice
of IVFET in humans and other animals, or to advances in contraception.
Research areas are listed here in summary form and apply both to lower
-animals and human beings unless specifically noted. The camplete summary
of the workshop is contained in Chapter Two of the full report.

Basic Science

Male Gametogenesis

o Definition of the role of cell adhesion molecules in interactions
between Sertoli cells and developing sperm cells.

the function of differential protein synthesis in
different stages of sperm development.

-7-
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o Determination of the role of paracrine factors including
fibroblast growth factor, samatamedin C, epidermal growth factor, and
interleukin-1 on the development and differentiation of male gametes.

o Structural analysis to identify normal and abnormal sperm and the
development of markers for abnormal sperm.

O Understanding of the biochemistry of sperm capacitation.

Female Gametogenesis

o Analysis of the effects of superovulation or hormonal stimilation
protocols an oocyte development and maturation. This work should also
examine differences between species.

o Development of ways to mature ococytes in vitro.

o Investigation of ways to naturally stimulate ococyte and
follicular development.

o Investigation into the biochemistry of meiotic arrest and the

factors, such as cyclic AMP, purines, calcium, and maturation-praomoting
factor, that may mediate this process.

o Development of ways to produce or synthesize hormones from
non-human primates to be used in ovarian stimilation.

o Definition of the role of ovarian estrogen in ococyte maturation
and ovulation and the interactions between estrogen and paracrine factors
including fibroblast and epidermal growth factors, insulin-like growth
factor, transforming growth factor, and inhibin.

o Definition of the point at which ococytes become sensitive to
factors that influence their development.

o Elucidation of the processes that underlie oocyte depletion, to
determine why oocytes are lost at a predictable rate throughout life.

o Investigation into ways to augment natural hormone release.
o Investigation into the biochemistry of protein synthesis and
modification in ovarian cells.

Pertilization

o Investigation into the biophysics of cell membranes as it relates
to sperm and egg interactions at fertilization.

Copyright © National Academy of Sciences. All rights reserved.
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Contimued investigation to identify the genes £ proteins
inva:ianlpacis,speciallyhnm. or Tam

0 Further delineation of the role of zona proteins, especially ZP2
and ZP3, in sperm binding.

0 Understanding of the biochemistry of the modification of zona
proteins in preventing polyspermy.

0 Elucidation of the molecular determinants of antibody formation
to zona proteins and their possible role in contraceptive strategies.

o Definition of the biochemical mechanisms of the cortical reaction
in the egg and the effects of this reaction on zona proteins.

O Determination of the physioclogical significance of germinal
vesicle breakdown and the biochemistry of sperm chramatin decondensation.

o Definition of the molecular events associated with formation of
the male and female promuclei.

o Definition of the molecular events during zygote formation and
the first cleavage.

Preimplantation Development

o Definition of the metabolic requirements of early embryos at
different stages.

0 Determination of embryonic gene expression.

o Assessing the potential of individual embryonic cells and
defining the point at which embryonic cells are camnitted to particular
fates.

0 Identification of substances produced by early embrycs that
signal changes in the uterus prior to implantation.

0 IDmprovements in embryo multiplication and embryo splitting,
especially for food producing animals.

Implantation

o Definition of the biochemical events that make the uterus
permissive to implantation.
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o Definition of the factors released by embryos that cause
endametrial changes at the site of implantation.

0 Identification of the role of embryo-released factors in
suppressing the immme responses of the mother.

o Isolation and analysis of substances released by endometrial
cells and their effects on embrycs.

.0 Contimued work with in vitro models of human implantation to
study the biochemistry and mechanisms of embryo-endometrial interactions,
especially the role of extracellular matrix proteins and the biochemistry
of trophoblast invasion of the endometrium.

Technological Advances

Improved cryopreservation techniques, including freezing and
tluwin;protocolsfcreggsmﬂabryos

Improved resolution of ultrasonography for localization and
raﬂ:msivehawestofoocytes qp, cﬂ:ryos—wwldluvepartiwlar
usefulness for non-human primates and food producing animals

0 Development of new culture media and methods for in vitro
maturation of oocytes.

o Development of safe methods of biopsy of early embryos for
preimplantation diagnosis of genetic diseases.

Clinical Research Opportunities

The following areas are those in which a coordinated data collection
effort across IVFET clinical centers would help improve the quality and
success rates of IVFET nationally and, possibly, internmationally..

o Evaluation of hormonal stimulation protocols in terms of mumber
of oocytes harvested, quality of oocytes, and rate of fertilization
success.

0 Doamentation on the incidence of abnormal implantation rates in
IVFET practice and correlation of incidence with particular stimilation

protocol used.

0 Oollection of information regarding the incidence of abnormal
zygotes and embryos, failed fertilization, and developmental arrest of

embryocs.

0 Analysis of data pertaining to synchronization of embryonic stage
with endometrial stage and development of methods to improve

synchronization.

o Oollection of information on sharing of spare eggs and arrested
enbryocs for research purposes.
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Conclusions and Recammendations
Developing Research Policy

Iack of a mechanism for dealing with ethical disagreement over the
use of embryos in research has slowed the rate of progress in research by,
in effect, placing a moratorium on the use of federal funds for eight
years. This has had undesirable results: the human clinical practice of
IVFET is less effective than it might have been had research progressed at
a faster pace; other socially desirable goals such as improved
contraception, better techniques to preserve endangered species, and more
cost-effective methods of producing food have developed at a pace slower
than optimal.

The recent appointment of the Biomedical Advisory Comnittee by the

If these groups can assume leadership roles in resolving the
difficult issues of reproductive research, and develop guidelines for
research that are based an information provided by science, and on
concepts that are ethically acceptable to society, research in
reproduction will be able to move forward. But if these groups become
paralyzed because of political considerations or an inability to develop a
framework for the resolution of differences of opinion, another
organization should take over the role. The cammittee recommends that, if

Authority of Great Britain.
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Basic Science Foundations

The mumber and range of topics included in the research agenda
indicate the exciting potential for productive scientific exploration.
The comittee believes that fundamental research to enhance the basic
science foundations of reproductive biology should be stimilated and

is includes studies of mman beings, laboratory animal

od-producing animals. The knowledge that would be generated

to an understanding of how to reverse infertility, to new
approaches in the area of contraception, and to increasing the world’s
food supply.

It is important that male as well as female reproductive biology be
studied and that investigators make use of scma opportunities that are
largely ignored today. These opportunities occur as a result of clinical
ectivities as well as research activities.

Applied Research

Research needs to be stimulated concerning technologies used in
modically assisted conception in food producing animals and in human
beings. lack of support in these areas is leading to inadequate
scientific underpinnings for safe and effective clinical practice. An
eample of a technique used, but not carefully evaluated for possible
detrimental effects, is freezing eggs or zygotes. Further experiments
should be conducted to assess the effects on safety and viability of this
technology which is standard practice in many IVFET clinics. Other areas
oftadmlcgytmtmedtobedsvelqaedincl\ﬂelesskmiwwaysto
retrieve oocytes, ways to mature oocytes in vitro, and ways to assess the
quality of spermatozoa or eggs to be used for fertilization.

Clinical Research Opportunities

Perhaps the most cbvious missed opportunity is the failure to learn
from the diverse experiences of the approximately 160 clinical programs
that provide IVFET. In addition to scientific questions, there are

-12-
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to hyperstimilation should be encouraged. Coordinated
could begin to answer these and other questions.

The camittee applauds the activities of the various professional
societies that have issued non-binding statements about the quality of
practice of IVF. The American Fertility Society has also provided a

voluntary registry for centers.

The camittee believes that a mechanism is needed to monitor and
evaluate clinical practice so that existing information that is relatively
easy and inexpensive to collect can be disseminated. This would enable
clinicians to build on the broadly based experience of the cammmity and

Improving Camunications

The IOM Workshop on Medically Assisted Conception brought together
researchers from basic science, clinical practice, and animal sciences.
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CHAPTER 1

IN VITRO FERTILIZATION AND EMERYO TRANSFER
AND SOCTAL CONCERNS

The scientific advances that today permit clinicians and
veterinarians to use such procedures as drug therapy, laser surgery,
artificial insemination, in vitro fertilization, and embryo transfer to
c:nhathminfertilityorhp:weﬁnmctiwapubnitisof
valuable animals are the results of the work of generations of
investigators. Sametimes these achievements came about because of
research aimed at resolving specific problems related to man infertility
or toward enabling livestock owners to improve the return on their

investments. More jientific advances result from the
inquiries of scient fundamental biological processes in
the absence of spec...c appiicatuions. Thus, the wark of n

areas such as physiology, morphology, endocrinology, mole

developmental biology, and biochemistry have contributed

in the treatment of infertility and to progress in assisted conception in
humans and other animals.

Just as the findings of scientists pursuing answers to basic science
questions often contribute in unexpected ways, the work of those pushing
the frontiers of medically assisted conception has applications beyond the
limited mumber of couples with infertility problems who can benefit
directly. There are expectations that, in the future, the work being done
to improve the practice of in vitro fertilization and embryo transfer
(IVFET) will enable practitioners to identify genetic defects in embrycs
without damaging them, and to quickly determine the sex of embryocs so that
those with sex-linked genetic diseases can be identified at a very early
stage. The stress of abortion later in a pregnancy could be avoided.
This chapter briefly outlines same major areas to which advances in
research in basic reproductive biology and IVFET would make large
contributions.

Infertility

Infertility is defined in many ways. Most often the word is used to
dencte the inability of a woman to conceive after same months (12 to 24)
of intercourse without contraception, or the inability to carry a
pregnancy to term. According to a summary by the National Center for
Health Statistics (NCHS), same 8.2 percent of wamen of childbearing age
(4.4 million) suffered from "impaired fecundity" in 1982—the latest data
available. This category includes over 800,000 women who said that it was
impossible for them to have a baby because of accidents or other
unexplained reasons. Also included are 2.9 million women defined as

-15 -
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"subfecund" who said that it was physically difficult for them to conceive
or deliver a baby, and 650,000 sexually active women who reported that
they did not use contraception and did not became pregnant within 36
months. Defining as infertile couples those who were contimuocusly
married, had not used contraception, and had not conceived during the

infertility among women under 30 years of age, and an increase from
approximately 700,000 to nearly cne million infertile couples with no
children (Natianlcamerfm: Health Statistics, 1985).

Although these figures give a rough approximation of the fecundity of
wamen in 1982, they do not indicate the mmber of men and women who want a
child and are experiencing difficulty conceiving. More than half of the
over 4.2 million wamen who have been surgically sterilized for
non-contraceptive reasons, and half of the 4.4 million who have impaired
fecundity, say they would like to became pregnant (Fuchs and Perreault,
1986) .

The magnitude of the problem of human infertility is further
reflected in data on medical care for infertility. Although not all
infertile individuals seek treatment, by one estimate $1 billion was spent
in 1980 on medical services for infertility treatment (Office of
Technology Assessment, 1988b). In 1982, 1 million wamen between the ages
of 15 and 44 who were or had been married reported at least one
infertility visit during the past year (Fuchs and Perreault, 1986). A
similar estimate is produced by a survey of primary care and reproductive
care specialists in 1987 which indicated that they treated approximately
1.2 million patients for infertility (Office of Technology Assessment
1988a) .

Infertility is not confined to problems experienced by women. By one
estimate, about half of infertility problems are due in whole or in part
to problems of the male (Fuchs and Perreault, 1986). Indeed, over 80
percent of the wamen seeking artificial insemination did so because of the
infertility of their male partner, and approximately 65,000 children were
conceived by artificial insemination during a 12-month periocd in 1986-1987
(office of Technology Assessment, 1988a).

Although the emotional toll of infertility cannot be appreciated from
these data, in recent years the cammmications media have begun to portray
same of the distress of childlessness, and groups such as Resolve, begun
in 1973, have responded to the emotional support needed by childless
couples. Equally telling are the lengths to which individuals will go in
attempting to conceive. The many months spent undergoing diagnostic

procedures can be followed by additional efforts of drug therapy, surgery,
arﬂﬁmllythewysical, financial, and psychological stress of IVFET.
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IVFET is a possible solution to infertility for only a small mumber
of caupples. By one estimate, as much as 10 to 15 percent of infertile
cauples who could not be successfully treated by other msans could be
offered hope through IVFET or by a related technology, gamete
intrafallopian transfer (GIFT) (Office of Technology Assessment, 1988b).
Indications for use of IVFET are quite specific and include tubal disease
that has not responded to other therapies, endametricsis, ol
cuvicalmahmnlitiasuﬂmldmﬂinfe:tility Indications for
GIFT are more limited because it can only be used when fallopian tubes are
normal. As knowledge expands, assisted conception of all sorts is
expected to became applicable to a wider range of indications. IVFET can
be applied regardless of whether fallopian tubes are present, therefore it
is possible that IVFET will become a major therapy relative to the large
mumber of individuals with infertility problems (Jones, 1989). However,
research that advances the practice of IVFET will at the same time
understanding of human reproduction and has the potential of advancing
other forms of infertility treatment as well as providing better methods
of contraception. As noted by a recent camprehensive study of
infertility, “Even as infertility treatments became more sophisticated and
caplex, basic knowledge of the male and female reproductive process
remains lacking. Further research stards as a prerequisite in order for
dramatic improvements in infertility treatment to occur" (Office of
Technology Assessment, 1988b).

Treatments for Infertility

Infertility can be treated in a variety of ways, including ensuring
that the infertile couple know how to pinpoint the time of ovulation,
eliminating causes of infertility such as infectious diseases or
endametriosis, evaluating sperm seminal fluid, using fertility drugs to
induce ovulation, performing surgical repair procedures in the male or
female, and employing artificial insemination. Before assisted
reproduction technologies are attempted a standard evaluation is conducted
which includes hormonal evaluation, endametrial biopsy,

- hysterosalpingogram, diagmsticlapuosccpy Altemate therapy such as
microsurgical corrections of tubal disease or endametriosis might be
attempted. At least two noncoital reproductive technologies have been
introduced in the last ten years. The major technologies are in vitro
fertilization and embryo transfer (IVFET) and gamete intrafallopian
transfer (GIFT). These technologies for establishing a pregnancy are
reviewed in detail in a variety of recent publications (Office of
Technology Assessment, 1988b; Seibel, 1988). To facilitate the
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In Vitro Fertilization and Embryo Transfer

IVFET can be used to overcame infertility caused by mumerous
conditions including tubal disease, endometriosis and oligospermia. A
first step in IVFET is to prepare the wamen for removal of eggs
(cocytes). Two methods are used to accamplish this. Sametimes oocytes
can be obtained during a natural cycle of a waman by determining the time
of the marked increase in the luteinizing hormone level in the blood,
which precedes ovulation by about 1 1/2 days. Using a natural cycle,
however, fregquent blood samples must be analyzed to exactly pinpoint the
increase in this hormone level. Only one mature egg is usually obtained
by this method. Altermatively, follicular growth and maturation, which
leads to ovulation, can be induced by the use of various fertility drugs
such as human menopausal gonadotrophin. The subsequent development of
ovarian follicles can be monitored by ultrasound and by measuring blood
estrogen levels. By this method, which is most cammonly used today, more
than one oocyte is stimilated to develop and can be cbtained for
fertilization.

Just before the timed ovulation would occur, oocytes are removed from
the ovary either laparoscopy or by needle aspiration guided by
ultrasonography. The eggs, with their adherent murse cells, are placed in
a petri dish so that their state of maturation can be assessed using the
state of dispersion of the attached cells as a marker. Fertilization of
the mature egg is accamplished by incubation for approximately 24 hours in
the petri dish with washed sperm that have been treated to ensure
capacitation. Fertilization is defined by the visible presence of two

pranuclei in the newly formed zygote.

The first cleavage of the zygote occurs appraximately 1 1/2 days
after insemination. A catheter is used to transfer the dividing embryo
into the lumen of the uterus at samewhere between the 2- and 16-cell
stage. To supplement the natural luteal phase, hormones such as
progesterone are sametimes administered after transfer of the embryo, (or
embryos if more than one oocyte has been fertilized) to the uterus.
Pregnancy is established when the developing embryo implants itself into
the wall of the uterus. Implantation can be documented by a measured
increase in blood levels of human chorionic gonadotrophin.

Sametimes, a greater mumber of mature eggs are harvested than can

usefully be implanted. Increasingly, those excess eggs are fertilized amd
preserved by cryopreservation for subsequent use.
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Gamete Intrafallopian Transfer

In 1985, Asch et al. (1985) reported on gamete intrafallopian
transfer (GIFT) as a new treatment for infertility. 1In 1987, the lLancet

fallopian tube blockage or other damage and fertilization takes place in
vivo (Office of Technology Assessment, 1988b).

In enbryo lavage and transfer fertilized eggs are flushed out and
removed by a special catheter. They are then transferred to a recipient
whose cycle has been synchronized to be ready for the introduced egg.
This is becaming less frequently used, partly because of fears
about transmission of virus and the risk of retained embryos resulting in
pregnancy in the donor.
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Contraception

Advances in the basic science that would improve the clinical
practice of assisted conception, such as improved understanding of the
mechanics of egg implantation, would be likely, at the same time, to help
in the search for better contraceptive technologies.

Contraceptive methods range from rhythm methods, the contraceptive
sponge, birth control pills, and intrauterine devices to surgical
sterilization and barrier methods, including condams, spermicides,
cexrvical caps, and diaphragms. More than half of American women aged 15
to 44 years used same form of contraception, at a cost of $2.4 billion in
1982 (Fuchs and Perreault, 1986). Despite this widespread use of
contraception, there remain unresoclved problems of safety, efficacy, amd
acceptability for each type of contraceptive.

The search for improved forms of contraception is spurred not only by
the desire of individuals for control over their reproductive lives, but
also by the social costs of ursanted pregnancies and the pressures of
fast-growing populations in countries whose econcmies are unable to
provide an adequate standard of living for their present population.
Countries have several options of how to cut their rate of population
growth, according to a study by the Office of Technology Assessment
(1988c), but the only solution that is both morally tenable and feasible
is to lower fertility rates. Contraceptive use is by far the most

important means of attaining that goal.
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(frozen or unfrozen) than mature animals. Moreover, the resulting calves
have immmity to local pathogens (received via the foster mother’s
colostrum), which imported animals lack (Seidel 1981). In 1988 the

these cammercial organizations also contribute to the research effart by
establishing research laboratories (Dresser and leibo, 1986).

The adoption of the new reproductive technologies to enhance the
production of food-producing animals has potential for lowering the cost
of food and for increasing the speed with which animals genetically suited
to difficult climates can be created. The impact of artificial
insemination on the productivity of cows has already been seen. There is
reason to expect that further advances in reproductive technologies could
improve production of other food animals.

Biodiversity

: Advances in reproductive technologies are potentially important in
sustaining biocdiversity by improving the reproductive efficiency of
endangered species. The new reproductive technologies are being studied

improving
the reproductive processes of endangered species. Breeding of animals is
a new role far zoos, which have in the past regarded themselves mainly as
a place to display animals. However, as zoos became the last repository
for same endangered species, and as genetic diversity is lost because of
Mmﬁﬂinﬁqdivmityhasbmanmtgoal Thus, the
development of reproductive technologies that can be used for endangered
extic species takes on a new urgency as it is increasingly realized that

captive breeding programs can prevent extinction (Dresser, 1988).
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Primates for Research

The angoing battle between wildlife preservationists and scientists
who use primates for research purposes is a final illustration of the far
reaching implications of develomments in reproductive technologies.

The U.S. Fish and Wildlife service has been asked to put chimpanzees
on the endangered species list. Same of those making this request believe
that the use of chimpanzees in biamedical research is one cause of their
endangerment. This assertion is disputed by officials at the National
Institutes of Health. If the chimpanzee is declared endangered, new

in govermment facilities at the present time are enough to
meet the needs of biamedical research, especially in light of their
important role in AIDS research (Science, 1988).

It is here that the potential of new reproductive technologies might
play a role. With a limited mmber of available animals it will become
increasingly important to maximize the reproductive capabilities of the
3Wﬂnthavehmsetasidefcrhmaﬂhginqwmm
fi ties.
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CHAPTER 2
ADVANCES IN THE PRACTICE AND SCIENCE BASE OF

Msduptuhmsedmmmwatammm
nstituteofuedicim(lcx) mﬂﬂnaoazdmhgrimlmofﬂnl&tianl
Research Council. It was held August 21-23, 1988 at the Armold and Mabel
Beckman Center in Irvine, California. For the workshop, thea:ganizirg
cmittaedevelmedapmgnmtlntuplcmdﬁ\erecmtadm
reproductive and developmental biology that apply to medically assisted

This chapter represents a report of science topics selected
byfheomittee It is therefore not a camprehensive review of recent
advances in reproductive research. The workshop also initiated an
interchange of ideas among those involved in patient-related clinical
practice, animal IVFET, and those working in basic research as it applies
to umans and other animals. Thus, this chapter indicates research areas
that promise improvements in the practice of IVFET. First are same
developments in human and animal IVFET; subsequently, the processes and
recent advances relating to gametogenesis, fertilization, preimplantation
development, and implantation are discussed. This chapter summarizes each
talk given at the workshop. The full papers contributed by each author
are found in Appendix A.

Developments in Human In Vitro Fertilization [1)

Eastern Virginia Medical School, one of the premier centers for the
clinical practice of in vitro fertilization, has a pregnancy rate of 18.3
percent, based on the mmber of attempts used to stimilate the ovaries
with either follicle-stimilating hormone (FSH) or human mencpausal
gonadotropin (hMG), and a pregnancy rate of 37.6 percent based on the
‘mmber of patients. Both patient age and the cause of female infertility
have an effect on the outcame of in vitro fertilization. For wamen
infertile because of tubal ligations or endametriosis, the rate of viable
pregnancies obtained by IVFET at Eastern Virginia is 16.4 percent.
Although the pregnancy rate did not vary according to whether infertility
was due to tubal ligation or endametriosis, age has an effect. After the
age of 40, it becames more difficult to stimilate the ovaries to produce
mature eggs.

Because couples often seek in vitro fertilization to overcome male
infertility, the evaluation of semen is impartant. Qurently, this
evaluation is descriptive and relatively imprecise. Factors such as
mmber of sperm, sperm motility, and general shape of sperm
camponents (e.g. head shape and tail shape) are important variables in
achieving pregnancy. For example, if 14 percent of the sperm are
*"normal ,* and there are 50,000 sperm per cubic centimeter of ejaculate, in
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vitro fertilization produces ongoing pregnancies in 30 percent of all
attempts. However, even if there are 100,000 sperm per cubic centimeter,
but only 4 percent are "normal," the ongoing pregnancy rate drops

greatly. Abnormal sperm often fail to fertilize an egg because of their
inability to penetrate the egg’s protective covering, the zona pellucida,
therefore workers have tried a technique known as "zona darilling” in which
holes are produced in the zona pellucida to permit direct access of sperm
to the cocyte plasma membrane. Thus far, this technigque has not been
successful. Another technique, known as zona splitting, has been used at
Ermory University, Atlanta. By this technique, the zona pellucida is split
mechanically. Pregnancies have been reported by use of this method.
Basic science questions need to be answered in order to develop better
markers for normal and abnormal sperm and to improve the performance of
sperm in IVFET.

Crycopreservation (freezing) of in vitro fertilized ui:u:yosl is
ancther new and pramising technique that will be discussed in greater
detail later in this chapter. If embryos are frozen for later use, the
stage of their development at the time they are placed in the uterus can
be matched with the stage of the uterine wall (endometrium), increasing
the likelihood of a successful pregnancy. Before cryopreservation became
an option, embryos had either to be placed in the uterus or discarded. In
order to avoid the ethical dilemma of what to do with excess embrycs, more
than the optimal mmber of ambryos were sametimes transferred into the
uterus. By ¢ of embryocs for later use, the
technique of not only the chance of miltiple
pregnancies, . —__ ___ . . <imes a woman’s ovaries might be
subjected to hormonal stimilation to produce ococytes for additional
attempts of IVFET. The use of cryopreservation has resulted in increased
rate of pregnancy at the Eastern Virginia clinic. Nevertheless, basic
science research is needed to assess the necessary parameters for
successful cryopreservation and the possible deleterious effects of

freezing on the embryo.

In cases of ovarian failure, failure of in vitro fertilization, poor
quality of eggs, genetic abnormality, or inaccessible ovaries, the only
option available to women wanting to bear a child is to use eggs from a
donor to perform in vitro fertilization with the husband’s sperm. The
donated eggs most often came fram IVFET patients who have received
hormonal stimulation and produced more eggs than necessary for their own
use. Sametimes, however, women who are to undergo a tubal ligation agree
towarhnstimlatimbefmﬂuangaxynoﬂatcggscmbemm
similtanecusly. These eggs are then donated for in vitro fertilization
and transfer. Donors are phenotypically matched with recipients and are
screenad for psychological problems and infectious diseases. Patients who

1'1hetemubxyointhisdupwroftennfmtoinvitmferm1ud
eggs that developed to two- to four-cell staged embryos. Although there
are more technically precise terms for various early stages of
development, the more precise terms are used here only when the
distinctions are important to the concepts under discussion.
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conceive through egg donation may need supplemental hormone therapy to
replace the estrogen and progesterone normally released fram the ovaries.
In such a patient, however, the placenta produces detectable estrogen by
week 6 of the pregnancy and progesterone by week 7. Fertilized eggs from
oocyte donation, if transferred to the uterus by day 17-19 of the
recipient’s cycle, resulted in a 36 percent pregnancy rate and 80 percent
of those pregnancies going to term. One benefit of cocyte donation, in
addition to overcaming the problems mentioned above, is that a time
period of optimm implantation can be achieved such that the stage of the
enbryo and endametrium are synchronized. This technique has been found to
increase the success rate of IVFET.

Goodgnlitymmcritimllywwﬂumof

Because fertilization is more likely with mature oocytes than
immature ones, research to learn how to recruit a more synchronous

population of follicles is important. Such follicles produce a more

synchronous population of ococytes capable of responding to the
maturational stimili. Failing the recruitment of mature oocytes, research

is needed to develop reliable methods of maturing ococytes in vitro. All
of these areas, if improved by increased knowledge of the cell biology of
early reproductive events, should greatly increase the ability to identify
cauples with high probability of success and may increase the success
rates of IVFET in hman clinical practice.

Developments in Assisted Conception in Food-Producing Animals [2]

- There are critical differences between the goals of assisted
conception in animals and haman beings. In human beings, the goal is to

perhaps in the future, to avoid the transmittal of genetic disorders. In
contrast, the goal of assisted conception in food-producing animals often
is to increase the yield of milk or meat. Because the ethical barriers
are lower and the financial stakes higher, a mumber of advanced
technologies are available for use in animals that are not available in
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Another technique used widely in hamans as well as in other animals
is superovulation, which involves ovarian stimilation by the
administration of In both animals and humans,
superovulation is 'ten unsuccessful. There has been
same success when cacuie are given priming doses of follicle stimulating
hormone (FSH), and when highly purified forms of FSH are used, but the
reasons for those effects are unclear. In addition, studies of cattle amd
other species have found that the ococytes produced by superovulation
sametimes exhibit abnormal characteristics. Increased understanding of
hormonal cycles and the effects of hormones on the cell biology of
maturing ococytes would likely have direct application to the solution of
sare of these problems.

The process of embryo transfer in cattle starts with superovulation
of a cow, ard subsequent mating to a desirable bull. The resultant
embryocs are collected and transferred to anocther cow whose
estrous cycle has beer with that of the donor cow. Although
the success rate with emoryo transrer is respectable (about 60 percent of
transfers result in pregnancy), the technique has not produced great
increases in milk or meat production. The production of many identical
copies of embryos fram cattle with highly desirable traits may improve
this situation. For this reason, embryo freezing and embryo
miltiplication procedures are receiving a great deal of attention in the
camercial breeding of cattle.

Exbryo freezing, in concert with embryo transfer, has been generally
successful in terms of pregnancy rates. Freezing embryos allows for the
storage of rare breeds and preservation of a cattle surplus. However,
embryo miltiplication has greater potential for the production of large
numbers of highly desirable cattle. Two methods of embryo multiplication
are used—embryo bisection and muclear transfer. Embryo bisection is
performed at a very early embryonic stage and yields at least two cell
masses which are genetically identical. The bisected embryos can then be
transferred by normal procedures to a recipient cow. There is a
species-specific limit on how many bisections of a given cell mass can be
done without campramising viability; with cattle, the maximm yield is
four embryos from ane. In muclear transfer, a blastamere (embryonic
cell), or its mucleus, fram a valuable embryo is placed into an ococyte
fram which the micleus has been removed. The transferred embryo mcleus
promotes development of a milticellular mass that can be used to make a
number of copies or clones. There is a great deal of interest in this
method both in academic and commercial research. Since those techniques
allow more precise selection of desirable traits, both have the
to effect rapid changes in the prevalence of animals with those traits.

while the techniques discussed above are fregquently and successfully
used, other methods of assisted reproduction are also being investigated.
One of the newer approaches is embryo sexing. Sexing of embrycs is of
particular importance to the dairy industry since only female offspring
are needed for milk production. Sexing is done by three methods. The
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mltipl
hmMﬂ,theamssotinvitmfertilizatimuﬂahryot:mﬁrin
the cattle industry suffers fram a lack of basic knowledge of the cell
biology and biochemistry of early gamete maturation and fertilization.
Among the areas in which research is lacking is cocyte maturation. As in
hamans, IVFET in cattle is more successful if it begine with mature rather
than immature ococytes. The biochemistry of sperm capacitation and entry
into the eggs also needs to be better understood. A mumber of chemicals
have been identified that are necessary for those processes, but precise
identification of the role each chemical plays in fertilization is needed
for further progress. Finally, being able to maintain the growth of an
embryo in culture for a langer period than is now possible would be
helpful. Such an ability would increase the chances of a favorable match
between the embryonic and endametrial stages.

Gene transfer, if developed further, also shows potential for
enhancing the productivity of cattle. With the development of techniques
by which genes can be microinjected into embryocs, the ability to alter the
phenotypic characteristics has become a
possibility. In an early technology, workers
injected mouse eggs with tne gene ror numan growu: murmone. The resulting
mice grew to almost twice the size of normal mice. Such technology could
‘be used in cattle to alter the genes for skeletal muscle in order to
produce higher quality meat products, or to alter genes in such a way that
bioclogically active substances would be secreted in milk.

There are many areas in which the results of basic research would
further the practice of assisted conception and embryo transfer in both
human beings and other animals. These include ococyte maturation, spem
morphology, the biochemistry of fertilization, ovarian
stimilation, and molecular genetics. In addition, topics sun as membrane
biochemistry, hormonal control of testicular and ovarian function, gene
egression in early development, and the cell biology of implantation are
identified as areas of exploration that would make major contributions to
the success of human and animal IVFET.
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Gametogenesis and Gametes
Induction of Gametogenesis and Superovulation [3)

Canparative research on ovarian stimilation of non-human primates and
damestic animals such as cattle, horses, sheep, and pigs raises
issues. Same work highlights the differences between the
normal estrous cycles of animals such as cattle, and the cycles of humman
and non-human primates. Yet there are problems that are cammon among
speciesjnthestinnatjmoffoniwlardsvelqnmtarﬂﬂnhncdmof

mature oocytes. Ovarian stimul: Are exogencus
interventions into a highly requ sss. The normal
physiology is not always easily strategies to

circumvent the differences between normal ana inoucea ovulation is a major
goal of research proposed for this area.

Non-Human Primates Non-thuman primates exhibit a menstrual cycle that
closely approximates that of mmans. In monkeys, the hormonal events of
the cycle include a geametric increase in serum estradiol, midcycle surges
of luteinizing hormone (IH), follicle stimulating hormone (FSH), ard a
later increase in serum progesterone after IH and FSH decrease in
concentration. These hormone levels are precisely synchronized in the
normal cycle ard lead to the development of ane follicle, the daminant
follicle, fram which ovulation occurs. One of the purposes of
superovulation is to encourage more than one follicle to develop fully,
thereby producing miltiple cocytes for in vitro fertilization. In
monkeys, one of four chemicals is administered in cambination with human
to stimilate ovulation. These are human mencpausal
H, pregnant mare’s serum gonadotropin, or porcine
mtmespmdwaantibod.testluthlodcﬂn
activity of hormones cbtained from other species activity, and ovarian
stimilation fails. Thus, there is a need to develop stores of monkey
hormones to be used for ovarian stimilation in this species. The response
to the administration of hormones to stimilate ovulation is also not
uniform in non-human primates. In general, estradiol levels are higher
than in a natural cycle, the IH surge is lacking, IH concentration remains
high over a long period, FSH is low, and progesterone remains high in
concentration. However, in same subjects there is a premature,
spantaneocus IH surge that is not synchronized with follicular maturation;
this surge stops the follicles and oocytes from maturing. Even if such an
IH surge does not ocaur, there is a wide range of responses to
gonadotropin administration. It is impossible to predict the response of
any individual animal. The IH surge and the heterogencus responses,
however, can often be prevented by additional administration of
gonadotropin releasing hormone. Ancther difficulty often cbserved with
wmmhhmmﬂmlmmofmmm
fram the normal hormonal levels raise important questions
mti:\gtottnetficacyuﬂmﬂmeffectsofovarjmstimhtim
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Despite the problems of ovarian stimulation in non-human primates,
reasonable success rates have been achieved. Nevertheless, there are
additional barriers to progress in this field. The supply of non—tuman
primates is severely limited. In addition, these animals often camnot be
used more than once for ovarian stimulation because of the immmnological
responses to human, equine, and porcine gonadotropins used in the
stimilation procedures. Finally, eggs must be recovered fram monkeys by
either laparotamy or laparcecopy, surgical techniques that are restricted
byethjalcauidentiasardfozmlhgalcammutoalwnﬂurof
repetitions per animal. Although these problems of availability, reuse,
arﬂtbehdzofxm—hmnwadotrcpﬁsmmdifﬁmlttom
than the biological problems of overriding normal physiology, mmerous
questions about the basic biological processes remain unanswered.
Resolution of the problems associated with the use of non-human primates
in this type of research could be facilitated by an increased ability to
augment natural hormone and gonadotropin release, by improved resulution
of ultrasound imaging to identify matura ococytes and quide their
collection by non-surgical means, and by the development of cell lines
that could produce larger quantities of non-human primate
?ﬁully,itisinporwlttomteﬁatmoftmmqnstimsmin
unanswered regarding human ovarian stimilation and that particular
non-human primate species serve as the best model for human reproductive

physiology.

Damestic Animals Bxtensive use of artificial insemination in cattle has
increased the genetic contribution of desirable bulls to the overall
supply of cattle. However, there is little likelihood that the desirable
characteristics of females will be further increased by augmenting the
male genetic contributions. Superovulation, on the other hand, cambined
with embryo freezing and embryo transfer, has the potential to increase
directly the gene pool of desirable famale traits by increasing the mmber
of offspring fram a valuable cow. There are a mmber of differences
between non-luman primates and damestic animals in the ways ovarian
stimilation is accamplished. Scame of these differences arise fram

- differences in the reproductive cycles of the two groups. In dairy and
beef cattle, stimlati ished with the administration of either
pregnant mare’s serum (PMSG) or porcine FSH. The latter is
preferred to PMSG because 15U nas a long half-life and often results in
asynchronous ovulations. Porcine FSH is not without problems either since
it is contaminated by variably high levels of luteinizing hormone. Human
charionic gonadotropin, routinely used in non-human primates, is not used
in the comercial practice of ovarian stimulation of cattle. To control
the variability and lack of predictability in the estrous cycles of
cattle, current protocols often include an injection of a specific type of
prostaglandin (FGF-2 alpha). This treatment causes the regression of the
corpus luteum, thereby artificially restarting the cycle.

The success rate of superovulation in cattle has been variable. This
is caused by a mmber of factors including seasocnal variability, breed
differences, dose and timing of gonadotropin administration, and history
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of previous superovulations. Such differences contribute to difficulty in
canparing stidies performed on different breeds and, at times, in
studies in the same breeds, but done with varied techniques or
in animals of varying age. It has been found that, even if all the
factors possible are controlled, there remains a great deal of variability
in the success rate of superovulation. A mmber of strategies to improve
the success rate are cxrrently being tried. One is an attempt to purify
porcins FSH preparations to exclude the contaminating IH and, further, to
determine the FSH to IH ratios that are optimm for successful
superovulation. Another strategy is to try to neutralize PMSG with
antibodies so that the camplications that arise fram the long half-life of
PMSG can be prevented. Becase the lack of normal coordination of
endocrine events is a common ooccurre
are also trying to define the source velop ways of
normalizing a coordinated series of

Superovulation in damestic animals other than cattle also has had
mixed results. In goats, the technique has been tremendously successful.
Superovulation of sheep has also been largely successful, and a few
innovative strategies have been applied in this species. Sheep are
seasonal breeders and attempts have been made, with initial success, to
induce ovulation in this species during times when they are normally
anestrous. In order to bypass the use of exogenous gonadotropine, workers
have employed antibodies to inhibin in sheep. Inhibin is a substance made
in an ovarian follicle that suppresses FSH secretion. The blocking of
inhibin with antibodies raises FSH levels, thereby increasing the natural
stimilus for follicular development. Antibodies against steroids have
also been tried in sheep to achieve the same end.

In horses, superovulation has proven to be difficult, and to require
nonstandard protocols. The period of estrous or "heat" in mares is
unusually long and variable. In addition, there are preprogrammed
physiological mechanisms in mares to prevent the development of twins.
These two aspects of equine reproductive physiology greatly camplicate the
successful application of ovarian stimilation techniques. Also of
critical importance is the fact that PMSG, even in high doses, does not
adequately stimilate the development of follicles in mares. Unlike other
animals, where PMSG acts as both FSH and IH receptors, in mares PMSG has
only IH activity. Same success has been achieved in mares with
administration of porcine FSH, especially if cambined with human chorionic
gonadotropin. In general, however, progress in successful superovulation
in horses lags well behind that in other domestic animals, except for the
pig.

The most limited of all cammercial applications of superovulation in
animals has been in the pig. Although possible, the technique does not
confer many of the advantages that it holds for other species. One reason
is that pigs deliver litters as opposed to one offspring at a time.
Therefore, the need to increase the offspring fram one individual, while
helpful in certain ciramstances, is not as campelling in pigs as in other
damestic animals. Nevertheless, superovulation and embryo transfer may
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be able to lower the frequency of diseases by increasing the mmber of
offspring fram disease-free or disease-resistant populations. More
frequent reasons for the use of in pigs are to obtain
disease-free embryos from infect introduce new genetic
material into specific pathogen-free herds. Thus, further research into
the normal reproductive physiology of pigs will be useful.

way of doing this may be by blocking inhibin as has been done in sheep.
In order to improve the success rate of assisted conception in animals,
many of these research areas must, nevertheless, be pursued in each
species separately with realization of the inter-species differences. It
is not always possible to predict when the results cbtained fram one
species can contribute knowledge applicable to other species.

Biology and Maturation [4)

This section examines three topics relating to the biology and
maturation of cocytes: 1) The study of membrane biochemistry, which has
relevance to the camplex membrane interactions that occur at fertili-
zation; Z)ﬂxesuﬂyofmlemlesthatmimtmtinmmtimm,
is also important to understanding the possible reasons for failure in
IVFET; and 3) the biological and physical properties of eggs and embryocs
that are affected by preservation techniques such as freezing, known as
cryopreservation.

Membrane Biochemistry The membranes of all cells of the body share
certain standard structural characteristics. The basis of a cell membrane
is called a bilayer, which is a two-layered collection of phospholipid
mlecules (lipids containing phosphorus). Phospholipid molecules are
polar in that each has ane end that is stable in water (hydrophilic), amd
ane end that repels water (hydrophobic). In a bilayer, than, the lipid
molecules lins up so that the hydrophobic ends meat each other on the
inside of the bilayer. The hydrophilic ends are thus oriented on the

space
and the cther faces the extracellular space. su:hanammuﬂ:nlm
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Proteins are part of the membrane also. Same proteins span the
thickness of the membrane and act as hydrophilic channels for ions or
participate in molecular signal transduction mechanisms. Other proteins
are partly embedded in the 1lipid bilayer and partly exposed to the
extracellular space. Attached to such proteins are long, often branching,
chains of carbohydrate molecules that also extend into the extracellular
space. Finally, large extracellular proteins often associate with or
stick to the most external parts of the carbohydrate molecules. Thus, the
cell membrane, even in its standard form, is a camplex structure made up
of different types of molecules arranged in regions that each exhibit
special properties. The possible interactions of membrane molecules are
immense since the various molecules are mobile within the bilayer. These
interactions underly the equally immense range of biological responses of
cells including cell-cell interactions, receptor-mediated signal
processing, and transmembrane transport of mutrients or taxins.

Reproductive events in which membrane biochemistry is of particular

importance include sperm capacitation and fusion of sperm and egg
membranes for fertilization. Basic aspects of membrane biochemistry are

most often stidied using membranes from cells such as red blood cells or
membranes manufactured in the laboratory, called liposames. Such

membranes must be extrapolated to eggs and sperm with great caution.

Mammalian Oocyte Maturation In a normal follicle there is cammmication
between the cocytes and the surrounding murse cells, called gramilosa
cells, through specialized junctions (gap junctions) through which small
mleo.ll es pass fram one cell to another. Developing ococytes undergo a
type of cell division in which only half the normal mmber of chramcecmes
are retained. This process is known as meiosis and has a mmber of
stages. Untiljusthefommmtim, however, the growing oocytes remain
in a state of suspended or arrested meiosis. It is thought that the
gramilosa cells help to maintain this arrest of meiosis by

substances that enter the ococyte through the gap junctions. It is also
possible that substances that induce final maturation of the ococytes are
produced in the surrounding cells and are transmitted to the ococytes in
the same mamner. Since the ability to mature ococytes in vitro would be of
enormous value in IVFET, the 2 substances that either
maintain or abolish meictic ¢ ly desirable. It is
important to note that many or tne stuales summarized in this section were
done with mouse ococytes and these data were campared to these cbtained
from other mammals including rabbits and rats. Investigators have also
studied frog ococytes, but the mouse is the most comnon animal model.
Eventually, of course, certain oritical experiments will have to be
replicated using cocytes fram haman or non-human primates.

Several substances are thought to maintain meiotic arrest. One,
cyclic adenocsine monophosphate (cyclic AMP), is a molecule present
uwbiquitously in the body. Another, hypomanthine, is camon in the body
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oocyte. Since an increase in intracellular calcium has been shown
essential in samatic cell division, it is possible that a
maturation-inducing substance operates in the ococytes by causing an
increase in intracellular calcium. The search for these substances and
their mechanism of action is a major area for future research.

The study of oocyte maturation has led to extremely successful
methods for maturing mouse ococytes in vitro. Such work has shown that the

in vitro culture of ococytes and their 2lls can be
accanplished in ways that allow subsec ition, implantation,
and delivery of normal young to occur. in vitro fertilization

of oocytes from other species, however, depends upon contimued basic
research an cocyte mutrition and metabolism and on the factors or
substances that control differentiation and maturation. The
applications of an increased ability to mature oocytes in vitro are
mmerous. As discussed earlier, such an ability would be of enormous
value in the production of agriculturally important animals. These
techniques also have important applications in attempts to preserve
endangered species. For example, it has been demonstrated that ococytes
removed from mice up to six hours after death can be matured in vitro
(Lazarus effect). Yet another application can be found in basic science
research into genetic diseases through the use of transgenic mice. Such
nice are produced by introducing known gene fragments into the gencme of a
mouse. These gene fragments have been inserted by microinjection into
eggs. Alternatively, the fragments, incorporated into a harmless virus,
have been injected into necnatal female mice. In this way, such fragments
are incorporated into the INA of developing ococytes in these females. It
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would be extremely helpful to be able to transfer gene fragments by viral
infection of ococytes, which could then be matured in vitro
fertilization. Finally, the ability to mature human cocytes may have some
application for human IVFET, since matured oocytes fram donors would
cbviate the need for hormonal stimulation therapy and permit
synchronization of the developmental state of the embryo with the state of
the uterine lining. The degree to which data aobtained from experiments
with mouse ococytes can be applied to hmans is not known. Therefore, for
such applications to be realized in human IVFET, it is probably necessary
that basic research be done using ococytes fram human ovaries removed for
justified clinical reasons and/or cocytes fram non-human primates.

E

years. It is thought that, properly stored, frozen embryos can be
preserved for many decades before thawing and transfer to the uterine
cavity. To date, embryo cryopreservation has been successful in many
mammal ian species, including mouse, sheep, cow, human, and baboon. Rare
mutant animals have also been preserved for later study.

The Mouse Enbryo Banks at the Jackson laboratory in Maine contain
many examples of cryopreserved mitant mouse embryos. Such mutants are
valuable for research into genetic and other diseases.
allows easy transportation of frozen embryos by researchers who move
frozen mice embryos fram ane lab to another, and for the national and
intermmational transportation of cattle embryocs.

If proved safe for use in clinical practice, routine Cryopreservation
of eggs or embryos could reduce substantially the mmber of times a waman

would have to undergo hormone stimilation, because the eggs harvested
could be frozen for later fertilization or fertilized in vitro and the
extra embryos stored for future transfer. These stored embryos could be
used if the first pregnancy failed or used at a later time so that an
infertile couple could have more than ane child fram one

procedure. Thus, such preservation techniques could also minimize the
waste of extra eggs and extra embryocs produced by superovulation and other
IVFET procedures.

Although the specific methods of cryopreservation vary, the basic
steps involved are the same. The first is chemical protection of the
tissue against damage from freezing. The tissue is then sametimes cooled
in sequential steps to a subzero temperature before being rapidly cooled
-196° C for long-term storage. The procedures used for warming and
ing are variable. After rewarming, the chemical protective solutions
removed by rinsing. Protection fram damage by freezing is critical to

of an embryo because, withaut protection, the formation of
tissue damage that can not be repaired.
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ve solutions, which are made fram chemicals such as glyocerol
or dimethyl sulfoxide, function in a mamner similar to antifreeze in a

car. They replace the water in the embryo.

mawwxmwmwdm -xh
basic research is being conducted to f£ind
solutions. Qrtainlpacﬁicmﬂuofﬁn&lutiasmw
determinants of the survival rate of eggs and embryos. For example, scome
chemicals, such as sucrose, camnot enter cells and, therefore, do not
mmmmmmmmw,wﬁmmmeﬁm,
as other molecules that can enter cells. Glycercl, on the other hamd, can

pmtaaall,prtiallymlwathem,ardimrtﬁn

cxyocprotection necessary.

solutions are important also. In the case of glycercol, if one exposes a
cell to a solution of water and glycerol, glycerol moves into the cell by
m,amwmmmmammumunm

across a semi-permeable barrier, such as a cell membrane, into a region of
low concentration of that molecule. Lim:lse,uatermwtofﬁncall
by cemosis into the surrounding fluid. Eventually, the concentration of

glycerol will equilibrate and be the same on both the ineide and outside

of the cell. Since glycercl moves into the cell more slowly than water

moves aurt of the cell, the must be carefully
controlled so that the cell does not lose water so quickly as to shrink
and die.

It is especially important to control the movement of molecules
across the cell membrane when thawing ova and embryocs. After thawing, it

glycerol, if suddenly exposed to a normal saline solution, will take up a
great deal of water very quickly. This influx of water causes the cell to
swell and the membrane may burst. Although this problem can be avoided by
ctposm;tmcensto-olutimofdecmasingmumofglmlm
a stepwise fashion, this is not always easy to accamplish. Research has
shown that adding the impermeable solute, sucrose, to the saline solution
results in a more even exchange of glycerol and water across the membrane
ard ocbviates the rapid influx of water into the cell. This cne-step
method has proven to be of particular use in the application of these
techniques under field corditions such as in work with endangered species.

The method used to freeze and thaw the ova and embrycs is also
important. Until recently, the tissue was first cooled to a few degrees
below zero so that ice formation could be controlled. The tissue was then
cooled to same intermediate subzero temperature before being rapidly
cooled to the storage temperature of -196° C. Research with mouse ova
showed that the cooling procedure used could affect the survival rate in
important ways. For example, it was demonstrated that, if ova lose a
considerable amoaunt of their original volume during cooling, the survival
rate is greater. Cells that retain most of their original volume usually
do not muxvive. This is probably because a cell is primarily composed of
water fram which the damaging ice crystals form. The method used to
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called vitrification, which means freezing without crystal formation.
Sametimes, this can be accamplished by extremely rapid freezing.

However, in a variation of this approach, embryocs are exposed to a solution
of chemicals that form a glassy solid substance when cooled. No ice

Improvements in crycbiology would have significant impact. Improved
preservation and storage of embryos fram valuable cattle and other
agriculturally important animals would greatly increase the yield from
superovulation and IVFET procedures. The preservation of endangered
species and rare genetic breeds of laboratory animals would be enhanced.
Finally, successful storage of human embryos that result fram IVFET

biocactive substances are released into the bloodstream and act at distant
sites, paracrine control mechanisms involve chemical interactions between
neighboring cells. For example, one cell can release an active substance
into the extracellular space, the substance then diffuses around other
cells in the region and affects the activity of these other cells in some
way. These effects most often are mediated by cell surface receptors for
the substance released.

_ F of a
nmberofdiffetmta.utypes iml\nirgqamcellsi.ntmirvarian
developmental stages (spermatogonia, spermatocytes, spermatids, and mature
sperm) each of which displays unique characteristics. Other cell types
include Sertoli cells, which are nurse cells for the developing
spermatogonia and spermatocytes, and Leydig cells, which release the
hormone testosterone, required for sperm maturation. Many biocactive
hormones and peptides have also been found in the testis and research has
begun to determine the cell sources of these chemicals and their function
in spermatogenesis. Same of the molecules found in the testis have been
shown to affect cell cycles and cell differentiation. For example,
samatamedin C (also called insulin-like growth factor, IGF) and epidermal
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growth factor stimilate cells to begin DNA synthesis for mitotic cell
division. Fibroblast growth factor stimilates quiescent cells to reenter
the cell cycle in order to replicate and divide. Various hormones and
growth factaors act as stimilators to cell differentiation, thus causing
the cells to exit permanently from the cycle of chramosame replication and
mitotic division. Cells are inhibited from exiting
interleukin-1, which is a molecule made by cells of
The functions of most of the hormones and growth factors in the testis are

§
]
i

to divide and increase in mmber. The increasing
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and early spermatids are in close apposition to Sertoli cells in the long
tubular structures of the testis where sperm are formed, called the
seminiferous tubules. The seminiferous tubules open into other tubes
through which sperm are transported. As spermatids mature and :
differentiate into early sperm cells, they are released from the Sertoli
cells into the seminferous tubule. An amazing featire of the seminiferous
tubule in same species is that, in any given segment of the tubule, the
germ cells form a similar pattern of stages. While this arrangement
argues for same kind of cellular control of developmental stage, it also
provides a definable tissue state with which to experiment.

Scientists have isolated specific segments of seminiferous tubules
and extracted the proteins contained in them. Maps of these proteins have
shown that the different stages are associated with different proteins.
By isolating same of these proteins and producing monoclonal antibodies to
them, it has also been possible to determine which cells contain the
protein of interest. One such protein has been found in Sertoli cells,
ard its synthesis and secretion have been shown to be stage-specific.
These experiments have also found that such proteins diffuse into the
extracellular spaces of the seminiferous tubules, but because of the slow
flow rate within the tubules, remain in spaces near developing sperm cells
for quite a long time before being degraded by proteclytic enzymes.
Therefore, there seems to be strang evidence that Sertoli cell products
greatly influence the development of sperm cells.

Contimied research into the molecular events of male gamete
development would f£ill same of the large gaps in knowledge about the
normal development of sperm cells and would further the search for causes
and cures of male infertility.

Paracrine Control of the Ovary that
paracrine control is important to the development of rollicles in the
ovary, mxch of the evidence is circumstantial. This state of affairs
derives fram the nature of autocrine/paracrine regulation. It bas proved

difficult to manipulate experimentally systems in which the cell of origin
of an cbserved signal is the same as or adjacent to the target cell.

Early experiments to examine the importance of intraovarian chemical
control involved removing the pituitaries of rats. Without the pituitary
hormones (especially IH and FSH), which normally pramote follicular
development, investigators could then look at the effects of a mmber of
substances on ovarian follicles. Such experiments found that estrogen,
mnmwwmmmmmwm,mmm
follicular development and that other steroids produced inhibitory
effects. Further, it wvas demonstrated that estrogen could act in concert
wiﬂmwmmgis&allywithmammtodifmtatolumhr
cells. later experiments used gramulosa cells fram pig follicles in
culture to show various effects of estrogen. l'bllow:l.rq a brief inhibitory

effect, estrogens stimulated progesterone synthesis in the gramilosa cells
in a manner that was time-dependent and blockable by pharmacological
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inhibitors to estrogen. Contimued research demonstrated that estrogen
action was exerted after the generation of cyclic AMP (see earlier section
an cocyte maturation for other actions of cyclic AMP).

There are several chemical forms of estrogen that are made by enzyme
modification of a basic structure. One type, catecholestrogen, is found
in high concentrations in the walls of large ovarian follicles in the pig
and probably enhances, by paracrine mechanisms, the effects of FSH in the

b
g

vhile experiments have shown that estrogen plays an important role

is only one of the substances under investigation in terms
regulation in the ovary. Tissue culture experiments have
shown a munber of peptides and growth factors to cause proliferation of
gramilosa cells. For same of these factors, it is known thet they have
effects on follicular cells and that they are present in the ovary in
vivo. However, whether or not the factors are necessary for follicular
develomment and normal ovarian physiology is not known. The most research
has been done an insulin-like growth factors (IGFs). IGFs are synthesized
many tissues and have been found to be a powerful local mediator of
growth and differentiation. They seem to stimilate all kinds of effects
gramilosa cells including increasing enzyme levels, cell mmbers,
protein synthesis, glucose utilization, and various secretions. Insulin
and the IGFs seem essential for FSH induction of receptors for IH,
for generation of cyclic AMP, and for FSH stimilation of steroids. IGFs
also interact with other growth factors in the ovary to increase cell
mmber. Since most of these findings have been fram in vitro studies, it
is important to demonstrate the presence of IGFs in follicles in vivo. In
fact, IGFs have been shown to be present in follicular fluid in in vivo
concentrations similar to those that produce effects in culture.
Furthermore, the concentration of IGFs increases during follicular growth
arnd under the influence of FSH, IH, and growth hormone. This is important

)

5]

E

growth factor called TGF-alpha, which is a molecule related to epidermal

proposed
inhibits differentiation. The other type of TGF, TGF-beta, is a molecule
very similar to inhibin and Mullerian-inhibiting substance, both of which
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tuveeffectsinﬂmeovuy In general, studies have suggested that

TGF-beta augments the actions of FSH to increase estrogen secretion, IH
receptor activity, and progesterone synthesis. These effects seem to be
dependent on both the concentration of TGF-beta and FSH and seem to vary
across species.

mmmfmummwmmwmus

This camplex area of research pramises to provide useful knowledge
abaut regulation in the ovary and could have far-reaching implications for
both IVFET and natural reproductive biology. In order to demonstrate that
a particular substance has effects in the ovary, the substance must be
ﬂwntohesecrabedbyovariancausintothelocalutramllularm
and to produce changes in the activity of neighboring cells. Such minimm
criteria have been met for scme of the factors discussed above; however,
elucidation of the mechanisms j.nvolvai is critical. Especially
for future research is to determine the biochemical regulation of cell
replication and differentiation in the ovary. Also, it is necessary to
determine how same of these factors are produced by the cells. For
exanple, are there large precursor molecules produced that are modified
inside the cells for specific needs? The interaction of these factors
with known hormones is also important and may be of special application in
evaluating the effects of superovulation. Strategies to block the

Y
unknown. Finally, it is of utmost importance to relate the findings from
in vitro studies to what is actually occurring in the natural state.

Assessment of Gametes [6)

There are many reasons why IVFET techniques in human clinical
practicadomtmltinagoﬁgmci-anmmdndmtofﬁn
time. Certainly, some of the failure rate is attributable to such things
as the varied skill levels of the practitioners, the physi
problems of the infertile male or female, or the difficulty in
synchronizing the stage of the embryo with the stage of the uterine wall.
Nevertheless, a significant contribution to the failure of IVFET derives
fram poorly understood physiological responses of cocytes and early
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embrycs. Between 20 and 40 percent of apparently mature eggs fail to be
fertilized by IVFET methods. Of the 60 to 80 percent that are fertilized,
ms:l:fﬂnzygotaspmdmdtmtosta:ﬁmamngmmrer
to uterus. Such early reproductive failure raises tical questions
mwwmmwmmmm

chramosames. Aneuploid cocytes contain less or more than 23 chromosames.
Camparison between the stixdies is difficult because the results range from
11 to 65 percent of the cocytes being aneuploid. However, the most
ehaustive studies have indicated that the best estimates are likely to be
between 20 and 25 percent. The interpretation of such studies is also
difficult since the ococytes examined were these that failed to be
fertilized. Thus, the possibility exists that the chramosame abnormality
is simply an indicator of same other developmental problem. In addition,
there are no data on the percentages of normal, unstimilated oocytes which
are aneuploid, so how much of the cbserved abnormality is caused by
hormonal stimulation is not known. When human oocytes were matured in
vitro, ane study found only 1.5 percent to esxhibit the chramcecame
abnormality. This suggests that hormonal stimilation may increase the
mmber of aneuploid cocytes. Finally, in a study of 163 wamen, a very
high percentage of abnormal chromosames was found in oocytes cbtained fram
particular individual women. The possibility exists, therefore, that some
wamen are especially likely to produce cocytes with chramosome
abnormalities.

The extent to which chramosamal abnormalities affect fertilization and

pre- or early post-implantation failures is important to know. This is
y true when one considers that sametimes aneuploid eggs are

tertilizedarﬂtlnrasulthgabryosdevelqtotem Also, findings to
date suggest that a significant mumber of embryocs produced by IVFET
ethibit same type of chromosmal abnormality. One way to approach those
important is to develop a focused, multi-center research program
to analyze eggs that either failed to fertilize in vitro, or that were
produced in excess of the mmber needed for IVFET methods.

The use of fluocrescent stains for chramosamal DNA in such eggs could
reveal a variety of abnormalities and answer a variety of questions. Such
an approach could determine more precisely the frequency of abnormalities
in stimilated cycles. Various stimilation methods could be conpared to
find ones with the lowest rate of chramosame perturbation. In addition,
associations of chramocsamal abnormalities with particular patiemts, or
with patients of certain ages, could be made.
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vhile the analysis of ococytes and eggs is important, it is equally
necessary to analyze the processes that cause fertilized eggs to develop
to varying stages before finally failing to develop. It has been
estimated that only 10 to 15 percent of all fertilized eggs develop past a
certain stage, and these failures occcur at similar frequencies despite
differences in ovarian stimilation or in vitro culture corditions. Thus,
failures are probably due to processes within the eggs or ambrycs
themselves.

In contrast to the analysis of ococytes, analysis of embryocs is an
extremely difficult endeavar. Between fertilization and implantation, a
myriad of cellular and molecular changes take place in an embryo that have
to be coordinated precisely and synchronized both spatially and
tamporally. Research, then, must focus upon individual stages beginmning
at the earliest stage of fertilization.

It has been found that 5 to 10 percent of human eggs that appear to
be unfertilized actually do contain one or more sperm in the region just
outside the egg membrane when viewed microscopically. At higher
magnifications with electron microscopy, such cocytes eshibit an absence
of binding between the sperm and the egg. Usually the membranes of the
sperm form protrusions, called microvilli, which seem to be important for
sperm binding to an egg. Sperm associated with these seemingly
unfertilized eggs lack this structwral feature. Although the reasons for
this failure in sperm/egg binding are unknown, a mmber of possible
explanations are likely. For example, cell surface molecules, which
function as cell recognition markers, could be absent. Another possible

microvilli. This possibility is attractive because eggs have besen found
that lack microvilli except in emall restricted regions of their
membranes. Since the abnormality has been cbserved in mature,
preovulatory oocytes, it is not likely to be the result of culture
corditions. Further, the lack of microvilli is also typical of ococytes
from women with a history of failed fertilization by in vitro methods. It
may well be necessary to analyze immature but fully grown ococytes from
such wamen to determine if stimulation protocols affect the frequency of
this problem. Other research to determine the molecular changes in the
egg membrane necessary for fertilization would also be extremely helpful.

There are two other conditions associated with early failure at
fertilization. In one cordition, the DNA of the sperm fails to
decordense. Decondensation is a necessary prior condition to the
canbining of the male and famale chramcscmes. While it is possible that
there is abnormal packaging of the sperm DNA, it is more likely that there
is a problem in the egg. Animal stidies have suggested that chemicals in
the egg cytoplasm are responsible for causing the sperm DNA to
decondense. Clearly, more needs to be known about the process.

Another critical stage in fertilization that can go awry is the
migration, juxtaposition, and fusion of the male and female promuclei,
each of which contains the respective chramosamal contribution to the

-“-
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while this discussion has centered upon very early reproductive
failures, there remain many other conditions that cause the demise of
early embryos. For example, human development is scmetimes arrested when
the embryo reaches the four-cell stage. This may be due to a failure in
the expression of embryonic genes that results in a lack of proteins
required for further development. At the 12-16 cell stage, same normally
fertilized eggs develop miltiple muxclei. Finally, during the first
mitotic division of the zygote to form two cells, a chromoscme pair
sametimes does not separate or disjoin. This results in different mmbers
of chramosames in different cell lines of a developing embryo. These are
called "mosaics". Research into the causes of these problems can be of
benefit to the clinical practice of IVFET as well as to the understanding
of hman reproduction in general. While animal models, like the mouse,
have great usefulness in this research, the use of developmentally

but may, nevertheless, contain information critical to a better
understanding of reproductive success and failure.

Fertilization [7)

Fertilization encanpasses sperm and egg maturation as wall as the
cplex cascade of events that occcurs once the sperm reaches the egg.
Although same aspects of oocyte maturation have been previocusly discussed,
those that directly influence fertilization require further emphasis. The
first hurdle for an ococyte is to acquire the ability to contime meicsis.
Oocytes fram young mice (less than 15 days old) have been shown to be
incapable of resuming meiosis if put into tissue culture. Therefare, it
seams that there is a growth-related biological process that allows for
mejotic campetence. Following the breakdown of the germinal vesicle, the
chramosame pairs in the cocyte separate with emission of the first polar
body and arrest at metaphase II; the polar body frequently degenerates.
Resumption of meiosis is initiated by fertilization of the egg.
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Before ovulation the cocytes are contained within follicles and, as
was previously discussed, it is thought that the follicular cells inhibit

5
5
5
|
|
:
i

are a subject of great research interest. In addition,
emphasized that, in addition to cyclic AMP, other types of molecules
present in the follicle are likely to participate
mejiotic arrest.

)
A

A molecule that is likely to be involved in cocyte maturation has
been isolated fram frog ococytes ard is called maturation pramoting factor
(MPF). MPF, when injected into immature ococytes of many species, causes
chramosame condensation and breakdown of the muiclear membrane. Its
biochemical properties are interesting since it behaves like a protein
kinase and is only activated when it has been phosphorylated. Oocytes
fram mice have a similar substance that has not been fully isolated.
There have been innovative experiments performed to measure this MPF-like
activity. In one experiment, mature mouse ococytes were fused with
immature ones. The mixture of the two cytoplasms resulted in the
breakdown of the muclear membrane of the immature cell. Further
experiments using similar strategies have shown that the MPF-like factor’s
biological activity changes according to the developmental stage of the
oocyte. It has also been suggested that ococytes that do not develop
mejotic campetence may contain a substance which blocks the activity of
MFF. Greater understanding of oocyte maturation and the molecules that
are directly involved in this process might result in improved ability to
mature oocytes fram humans and other animals in vitro. Research that
tests this hypothesis might also further in vitro ococyte maturation.

Sperm recovered directly fram the testis cannot fertilize eggs; like
eggs, these haploid cells must also be matured after formation if
fertilization of an ovum is to cccur. This maturation takes place during
sperm transit through the epididymis, a process that usually takes about
10-14 days. During this time many molecular changes in the sperm,
particularly on the surface of the sperm cell, ccaur. The mechanisms
which bring about these surface alterations have not yet been elucidated.
Similarly, it is not known which of these modificatione are related to the
acquisition of fertilizing function by sperm. Identification of the
molecules used by sperm for gamete interaction is necessary before the
relevant mechanisms can be ascertained. One way that has been used to
exzmine sperm at different stages of maturation in the epididymis is to
stain the cells with antibodies that recognize particular sperm antigens.
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After ejaculation, sperm must undergo a secord, and final, maturation
phase. This process, termed capacitation, cccurs normally in the female
reproductive tract, but can be provoked 'or many species by
incubation in vitro. Like maturation ir capacitation is
associated with a large mmber of sperm aiteratuons, we functione of
which are largely unknown. But at least two changes in the sperm’s
surface membrane are now recognized for essentially all mammalian sperm as
a function of capacitation: changes in lipid camposition and the loss of
many surface-associated camponents. Capacitation is a prerequisite for
fertilization, and these alteratione apparently permit sperm to penetrate
through the physical barriers that surround the egg at the time of
fertilization. Clearly, the ability to control this process would assist
fertility regulation considerably.

In the ideal circumstance, sperm and egg meet in the fallopian tube
and fertilization takes place. However, fertilization is an exceedingly
caplex process in which the sequence of events is of the utmost

. At the time of fertilization, the egg is surrounded by two
kinds of barriers. Enveloping the egg directly is a jelly-like covering,
called the zona pellucida, which is surrounded itself by a cellular layer,
called the camilus. The zona plays a major role during fertilization and
many of its molecular features have been defined.

There are three important proteins in the mouse zona—2P1, ZP2, and
ZP3. Each protein has sugar sidechains attached to it ard is, thus, a
glycoprotein. The structure of the extra-cellular zona pellucida is
camposed of polymers (campounds produced by the cambination of two like
molecules) of ZP2 ard ZP3 formed into long filaments which are
cross-linked by ZP1. ZP2 and ZP3 both function as receptors for sperm.
ZP3 also induces the acroscme membrane of the sperm to break down. Both
ZP2 ard ZP3 are chemically modified following fertilization and play

important roles in keeping extra sperm from penetrating the egg.
The genes coding for mouse ZP2 and ZP3 have been isolated. Each is a

memmalian species. The zona genes are expressed
their expression is developmentally restricted to the growth phase of

g
i
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Antibodies have been produced which bind either to ZP2 or to ZP3.
After injection into female mice, these antibodies localize to the zonae
pellucidae surrounding growing cocytes. The presence of these antibodies
causes highly effactive, long-term, but ultimetely reversible
contraception. Recent studies have demonstrated that immmization of
female mice with a synthetic ZP3 peptide (based on the ZP3 DNA sequence)
induces the formation of circulating anti-ZP3 antibodies that bind to eggs
and effectively preclude fertilization. Because the zona genes are highly
conserved, the development of this contraceptive strategy using hamologous
(same species) peptide as a vaccine may have wide spread application.

This method of rable because it would prevent
fertilization, would avoid the dangers and side
effects of the in birth control pills.

Nevertheless, the reversibility of the strategy remains to be rigorously

The surface changes that sperm undergo during capacitation permit
them to navigate through the cumilus cells. A secretory organelle that is

|

to digest a path through the zana. If the acrosame breaks down
prematurely, sperm stick to the cumilus cells and cannot reach the zona
surface. The sperm’s recognition site for the zona is located on its
surface membrane and binds to the ZP3 protein of the zona. The ZP3
molecule then triggers sperm to release its acrosamal enzymes. Particular

within the acrosame bind to ZP2 and the acrosamal enzymes,
together with the motility of the sperm cell, allow the sperm to penetra
the zona ard reach the egg membrane. This process is remarkably similar
across mammalian species. It is likely that factors from the egg itself
are not involved in fertilization up to this point since these events
ocarr even if the zona contains no egg, a so-called zona ghost.

Like the antibodies against zona proteins discussed above, antibodies
directed against specific sperm proteins can also inhibit fertilization.
The sperm protein M42, described earlier, that is altered during
epididymal maturation is one of several candidate sperm proteins for this
pupose. Sperm incubated with an anti-M42 antibody camnot fertilize eggs
in vitro since the sperm are blocked from losing their acroecmes. In a
more natural experimental situation, injaction of female mice with the
same anti-M42 antibody decreases pregnancy levels markedly. Strong
evidence suggests that some forma of infertility in women may be caused by
the presence of antisperm antibodies. Perhaps the contimued examination
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of this experimental system—the induction of infertility with specific
anti-sperm antibodies—will assist in explaining the mechanisms underlying
such naturally ocoaxrring types of infertility.

Once the sperm has penetrated through the zona, it associates with
the egg smuface rapidly. Membrane fusion between the two gametes is
initiated at a specific location, nsar the middle of the sperm head, and
proceeds arourd the cell so that the entire sperm is incorporated into the
egg. Once the sperm has fused with the egg, mmall packages called
cartical gramiles, which contain enzymes that modify the zona pellucida,
move to the egg membrane, fuse with it, and release their contents into
the space between the egg and the zona pellucida. The released enzymes
modify the ZP2 protein so that acroscame-reacted sperm can no longer bind
to ZP2. Modification of ZP3 also occurs that affects sperm binding and
the induction of an acrosame reaction. In brief, it seems as though
nature has devised backup systems to ensure thet anly ane sperm enters the

.

Very little is known regarding the precise biochemical events that
take place during the cortical gramile reaction. In vitro experiments
have shown that activated protein kinase C inhibits fertilization by
modifying ZP2 in the same way as occurs in the natural state. Protein
kinase C also modifies ZP3 but it only prevents ZP3 from inducing a
camplete acrosome reaction. Sperm binding to ZP3 is unaffected. Other
experiments have implicated other enzymes and co-factors (inocsitol
phosphate, G proteins, and phospholipase C), all of which participate in
cascades of biochemical reactions. Much research needs to be done before
any of the actual biochemical events can be known. For example, it is not
known what chemicals are released by the gramiles. The precise changes in
the zona proteins are not clear. Since some of these chemical cascades
produce changes in calcium storage and release, the role of calcium is not
clear. Knowledge of these events could contribute greatly to the ability
to fertilize eggs in vitro.

Finally, while the block to polyspermy is taking place, changes occur
in the egg that allow the male and female pronuclei to cambine. When the
sperm first penetrates the egg, its chramosames are condensed, held
together by chromatin-associated proteins ca For the
chramcsames of the male to cambine with the moscmes must
decondense. It is thought that a chemical cnange in certain molecules of
the protamines is necessary for the chramatin to decondense. Such a
chemical change can be induced by glutathione, which has been found in
high concentration in mature eggs. Furthermore, depending upon the
developmental state of the oocyte, glutathione can cause decondensation of
oocyte chramatin when applied in vitro. It is possible that the substance
that causes sperm chramatin decondensation is contained in the germinal
vesicle, since sperm injected into ococytes before germinal vesicle
breakdown retain their condensed chramatin. The substance could be a
co-factor required for ancther reaction, could be an activator of scme
other molecule, could be solely respansible for the effect, or could
actually act as an inhibitor of a molecule whose action is to prevent
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chramatin decondensation. Further information about these processes may
suggest strategies with which IVFET could be enhanced.

To sumarize, the sequence of events for gamete interaction in most
mammals leading to fertilization is:

1. The capacitated sperm penstrates between the cammilus cells.
2. The acrosame-intact sperm binds to ZP3 in the zona pellucida.

3. ZP3 triggers the loss of the acrosame (the acroscme reaction),
causing release of digestive enzymes from the sperm head.

4. The acrosame-reacted sperm binds to ZP2 and penetrates through
the zona matrix.

5. The sperm and egg fuse with tha eventual formation of two
promuclei and restoration of the diploid state.

6. At the time of sperm fusion with the egg, a reaction is initiated
that prevents any other sperm fram entering (the block to
polyspermy) .

Preimplantation Development [8)

In this section, a variety of events thet ooccur between fertilization
and implantation are discussed. These include tha special metabolic
requirements of early embryos and the first expression of embryonic
genes. Finally, tha results of experiments involving micramanipulation of
animal embryos and embryo splitting will be described. The short

that follows reviews the main events of preimplantation
development in a general way. It is also offered as an explanation of
terms that will be used throughaut this section.

The major steps in preimplantation development occur in the fallopian
tubes. The fertilized egg, or zygote, undergoes mitotic cell divisions
called cleavage. The first cleavage results in the formation of two
cells, each of which divide in the second cleavage to form four cells, and
80 on through 8-cell and 16-cell stages until there are about 50 or 60
cells, at which time blastulation ccamxs. During the cleavage divisions,
the cells are called blastomeres and all the blastameres are encepsulated
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Metabolic Substrates and Patismays

Metabolism encampasses the processes by which cells extract energy
from their envirorment and synthesize the necessary building blocks to
form large molecules. Thus, metabolism is an exceedingly camplex network
of biochemical reactione that can be viewed as intersecting sets of
interactions. The sets overlap at key points that regulate which set of
reactions will be more or less active, depending on the needs of the cell
at the time. The regulators at these key points are enzyme proteins. In
most cascades of biochemical reactions, one enzyme’s activity will be more
important than any other’s. Such an enzyme is called a rate-limiting
enzyme ard is often positioned at the key points of overlap between
different pathways of metabolism.

In organisms dependent upon axygen, glucose is used as a basic fuel
for metabolism. There are three linked systems that subserve glucose

metabol ism—glycolysis, the citric acid cycle, and the axidative
respiratory chain. In glycolysis, glucose is chemically changed in a
series of enzyme-catalyzed reactions to pyruvate. In the process,
molecules of adencsine P) are produced. ATP is tha energy
source for vast mmbers reactions. The citric acid cycle
uses pyruvate, formed by glycolysis, as a substrate for ancther series of
reactions to produce carbon dioxide and molecules (NADH and FAIH) that are
required for a particular type of chemical reaction also important in
biological systems. Other products of the citric acid cycle are
precursors for the synthesis of other molecules. For example, certain
amino acids, which are the building blocks for proteins, are formed from
the citric acid cycle. Finally, the NADH and FAIH from the citric acid
cycle are used in the axidative respiratory chain to transfer electrons to
molecular cxygen and form additional molecules of ATP.

Glucose is also necessary in two other systems that synthesize
important biological chemicals. Both of these systems intersect with the

glycolytic pathway. The first reaction of glycolysis is the conversion of
glucose into glucose-6-phosphate (G-6-P) by the enzyme, hexxkinase. The

-5] -
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reactions. In glycogen synthesis, the G-6-P is canverted to glycogen,
which is the way cells store glucose for later use. When cells need ATP,
for example, glycogen can be broken down to form G~6-P, which can then
continue in the glycolytic pathway. Eventually, through the citric acid
cycle ard axidative respiratory chain, every G-6-P molecule leads to the
production of 37 ATP molecules. For many years, glucose metabolism was not
studied in eggs and early embryocs, because it was generally assumed that
results of studies fram other cells would also apply to eggs. With the
advent of tissue culture, it became apparent that eggs and early embrycs
required unexpected nutrients in their culture media, which seemed to

Rather, lactate was critical for these embryocs. ILactate is formed from
pyruvate when there is little oxygen in the tissue. EBExercised muscles,
for example, produce a great deal of lactate fram pyruvate. lLactate can
also be converted to pyruvate, which may then be used in the citric acid
cycle. Thus, the finding of a lactate requirement of these embrycs
suggested that certain pathways of metabolism were restricted, espacjally
the glycolytic pathway. It was later found that maturing ococytes and
embryocs up to the 8-cell stage needed pyruvate and other citric acid cycle
precursors to survive. While the exact requirements have been shown to
differ from one animal species to ancther, it is interesting thet pyruvate
is often used in culture media for uman and monkey eggs and early embrycs
despite the lack of experimental data to justify its use.

The mutrient studies described above are not the only evidence that
metabolism is restricted in ococytes and early embryos. Morphological
studies have demonstrated that the intracellular organelles in which the
oxidative respiratory chain takes place are not the same in early cells
and embryos of 8 or more cells. These organelles are called mitochondria
and are small membrane bound packages of enzymes and other molecules.
Inside each mitochondrion is a camplex labyrinth of membranes called
cristae. It has been known for a lang time that the arrangement of the
cristae differ among cell types depending on the function of the cell and
the metabolic state of the cell. Studies of eggs and early embryos showed
a pattern of cristae that included a concentric and transverse
arrangement. However, the concentric cristae disappeared by the 8-cell
stage in most species. This change in structure correlated well with an
cbserved increase in cxygen consumption by these 8-cell embryocs.

Other studies have explored which substrates were taken up by cells.
These studies also showed that eggs and early embryos toock up pyruvate
rather than glucose until they reached the 8-cell stage. To assess
whether the cells actually used the pyruvate, studies were done to msasure
the carbon dioxide produced by metabolism of pyruvate compared to
glucose. This is done by labeling the pyruvate or glucose with
radiocactive tags which, if the pyruvate is metabolized to carbon dioxide,
results in the formation of radicactively tagged carbon dioxide. As might
be expected, most carbon diaxide was produced from breakdown of pyruvate
in early (1 to 2 cell) embryos. At 8 cells, the carbon dioxide was mostly
fram glucose metabol ism.

-52-
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While the results of these studies seem clear, it is important to
note scme possible confounding factors in these experiments. The most
of these is that, since much of the work has been done with
cealls in culture, the differences between the amount of cotygen available
in culture and the amount available in the natural state may have affected
the results. The amount of axygen available can, by itself, cause
metabolism to be switched from ane pathway to another. It is also
important to determine if the enzymes responsible for glycolysis are
M and if glucose is being used in a patismy other than glycolysis.
suﬂieshavecnlpandtheutaholicp:matphytyusﬁgthe
strategy of starvation and refeading of cells with the substances of
interest. It was found that, if one starves embryos of glucose at any
stage, ﬂnlamlofG-G-Pmdrmticany. Upon refeeding with
he G-6-P levels increase in all stages also. This suggests that
of glucose into cells and the first enzymatic reaction by

to form G-6-P are both normal across different stages of
enbryonic development. In contrast, the levels of fructose 1,6,

(an intermediate molecule formed in glycolysis) do not change
with starvation of gluccse at any embryonic stage. However, the levels of
this intermediate increase substantially with refeeding of gluccse in late
enmbryos, but not early ones. Such data provide strona evidence that. like
all cells, the rate-limiting enzyme for glycolysis (
is the ane that catalyzes the formation of fructose
Moreover, the results suggest that this enzyme operates at a very low
level in early embryos and does not reach its normal activity level until
after the 8-cell stage. A similar starvation/refeeding experiment has
suggested that the presence of pyruvate inhibits the formation of fructose
1,6, biphosphate fram glucose and that the addition of glucose resulted in
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pathsays. It is important to know the metabolic requirements of oocytes
and early embryocs because these requirements are critical to successful
maintenance of these cells in culture.

Gene Bxpression in Early Embryonic Development
The determination of when embryonic genes begin to be expressed for

risk is as high as ane chance in two. With the development of IVFET
techniques, it may became possible to fertilize eggs fram high risk
couples in vitro to allow for early diagnoses of genetic diseases. In
theory, one cell fram a multicelled embryo could be removed, analyzed for
disease and, if found to be affected, a decision could be made not to
implant that embryo. As an alternative, naturally fertilized eggs could
be removed from the uterus by flushing, biopsied, and then returmed via
embryo transfer. For such diagnostic procedures to be realized, however,
certain prerequisites are necessary.

First, there must be a realistic chance of maintaining a pregnancy
after embryo transfer. Embryo biopsy may adversely affect the chance of a
successful transfer. Second, the embryo should not be damaged by biopsy.
In cattle, embryo biopsy is a relatively common technique and has been

effects.
The third prerequisite for preimplantation diagnoses is to have
reliable probes with which to identify the presence of diseases.

gencme or DNA, as is possible with new technologies, such as Polymerase
Chain Reaction techniques. In situ hybridization is a technique whereby a
strand of DNA is made that matches with the strand of DNA ane is looking
for. To use in situ hybridization, however, the sequence of the gens in

-“-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18586

Medically Assisted Conception: An Agenda for Research : Report of a Study
http://lwww.nap.edu/catalog.php?record_id=18586

8-cell mouse embryos suggesting that the embryonic genes have become
active. So, it seems fairly clear that, in the mouse, gens activity
begins at this point. However, before preimplantation diagnoses can be
admie:edinlnmm,ann:stlumthetjm:gofhmmymicga\e
activity.

In Great Britain, research on human embryos is allowed under the

stages of development. Methionine is taken up by cells and

into newly synthesized proteine and so is a qualitative msasure of protein
synthesis. Researchers found new proteins that contained the
radiocactively tagged methionine were synthesized for the first time
between at the 4- and 8-cell stage. In another experiment, when
chemicals, which blocked transcription of messenger RNA, were added to the
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pattern of proteins present in early and late embryos and found that the
pattern changed quite clearly, the protein patterns were measured with and
without the blockade of messenger RNA. These results demonstrated that,
when RNA synthesis was blocked, the changes in protein pattern
characteristic of the 8-cell stage and beyord did not occur, but the
pattern remained in the early state.

seen. It is also possible that there are simply unexplained differences
in storage, culture conditions, or other variables. Whatever the reasons,

the application of HPRT assay diagnosis of Lesch-Nyhan
Syndrame in the luman has bee @ situation does point
aut, however, the dangers of nimal studies and

underscores the need to conduct some research with human embryos that,
otherwise, would be wasted.

Regulative Potential of Micramanipulated Embryos

Many of the classic studies on embryonic development involved
manipulation of certain parts of animal embryos and subsequent analysis of
the effects of that manipulation on final development. Such manipulations
included removal of certain parts (limb buds, for example, to study
regenerative capacity), transplantation or exchange of parts (as in
exchanging upper spinal cord regions with lower spinal cord to see if
nerve outgrowth would follow the limb buds in the normal way), and
grafting of parts of one embryo to another. Many new technologies allow
micro-manipulation of embrycs at the level of cells and, sametimes, even
individual molecules.

It is clear that the developmental potential of cells gradually
narrows as development proceeds and that embryocs have remarkable
capabilities to readjust to disturbance. Yet little is known about what
governs the point at which readjustment can no longer occur because the
of a given embryonic region has been irreversibly determined.
Further, it is expected that that point of determination will very

mdv::dqtotm:paciﬁcmiminqnstimardmﬂhqtoﬂnm

It has long been thought that prior to blastulation an embryo is
totipotent, meaning that no cell of the developing embryo is camitted to
any particular developmental fate. In other words, the cells are

-%-
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undifferentiated and uncommitted. However, it is becoming evident that
anbrycs of different species, even though exhibiting the same
mﬂnlogialmmﬂnmnnbuofcalls,nydiffarinthed-gree
of determination and potential of each cell. Such findings call into
question the long-held assumptions of totipotentiality. Since an
enbryonic cell is totipotent only if it can develop into an entire
Wmmyomlitthgmm regarding
themlpotmtial embryonic cells at different stages and in different

If a 2-cell stage embryo of a laboratory mouse is bisected,

embryo successfully. However, such isolated blastomeres cannot develop or
arganize into viable fetuses an their own. The findings in the rat are
similar. In contrast, rabbit blastomeres isolated from 4- and 8-cell
stage embrycs have been shown to be totipotent. Other experiments have
eznined the effects of bisecting mouse embryos exactly in half. While 65
percent of half embryos survive from the 2-cell stage, only about 45
percent survive fram later stages. The success at later stages may not
mean that all the cells are totipotent; rather, it may mean that each half
embryo cantained the required mmber and type of cell to camplete
development.

Information an domestic species is derived mostly fram experiments
with sheep and cattle embryos. In sheep, isolated blastameres have been
shown to develop normally from embryos up to the 8-cell stage. However,
for unknown reasans, only some blastameres are capable of such
development. One case was reported in which an 8-cell embryo was divided
into four equal parts. Transfer of these split embryos into ewes resulted
in the birth of four lambs. Sheep embrycs, which have been halved, seem
to survive well fram the 2-cell to blastocyst stage. In cattle, similar
success has been achieved with quartered and halved embrycs fram the
8-cell stage to the blastocyst stage. Compared to the mouse, sheep and
cattle exhibit blastulation at a later cleavage stage. Therefore, the
nmber of cells is higher at blastulation for sheep and cattle. It is
possible that a highertatalco.nnnbermyallwforgmaterﬂod.bility

in embryonic adjustment to manipulations such as splitting.
Beyond questions of immediate survival of micramanipulated embrycs,

there are ot:hu'qaesti that have been addressed by investigators. Same
mmwmmofmosmmitummmm
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development. A higher percentage of the half embryos developed normally
vhen returned to a synchronized female or an immature oviduct. Such
findings indicate that placing the split embryos in vitro scmehow
campromises their development. However, it is possible that the mumber of
degenerated half embryos were underestimated in the in vivo conditions,
since it is more difficult to recover and identify degenerated embrycs
from the uterus or oviducts.

These studies further showed that viability was correlated with cell
nmber such that the lower the cell mmber achieved in the first few days
after bisection, the lower the chances of survival. Many of the half
embryos failed after implantation, indicating that the bisection did not
result in a failure to implant. One of the most clear suggestions fram
these stidies is that the cell mumber at blastulation (which occurs at a
particular time, independent of the cell mmber) is critical and sametimes
blastulation results in an embryo with a low mmber of inner call mass
cells. A reduction in the imner cell mass may then cause the demise of
same half embryos. This idea was tested directly by another group of
studies that used differential stains to campare the mmber of cells in
the imner cell mass to the total mmber of cells. Embryos with a low cell
mmber at blastulation had a lower imner cell mass ratio and exhibited a
lower viability than embryos with a higher cell mmber at blastulation.
These experiments further showed that maintaining the half embryos in
vivo, even in a nonpregnant uterus, increased the formation of the immer
cell mass, resulting in a higher inner cell mass ratio and higher
viability than that achieved in vitro. In a study examining the long-term
effects of embryo splitting, genetically identical embryocs were either
bisected and immediately placed into foster mothers or were left intact
and placed into foster mothers. The half embryos were generally less
successful and those born had a higher rate of neonatal mortality than did
the controls. However, same of the neonatal mortality might have been
because the half embryos were born from smaller litters than the
controls. Small litters usually result in longer pregnancies, which are
also associated with higher neonatal mortality rates. Comparison of other
phenotypic characteristics of the neonates born revealed no significant
differences between half and whole embryocs in measures such as the age at
eye opening or growth curves. Thus, by birth, same type of regulation has
taken place. The studies taken together argue strongly for the existence

5 for half embryos including blastulation and

Further study of the mechanisms of regulation in

1 embryos not only can add to our basic knowledge of

slogy, but can also elucidate important requirements for
successful splitting of embryos in differemnt species.

Implantation [9]

Implantation, one of the most poorly understood processes in
reproductive biology, involves a camplex interaction between the embryo
and the cells of the uterus. There are also significant species
differences in the process of implantation that can be generally divided

-“-
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into three types. The type of implantation found in rabbits is called
type found in rodents is called displacement.
Inplantation in umans and other primates is called intrusive and is the
most important to understand for the purposes of this report.

The general model for implantation in the human begins with the

E
5
g

attaciment of t to the endometrial wall. At this point, the
auter layer of of the embryo proliferate and differentiate
into two types cells. The cells close to the embryo became
3 in direct contact with the endametrium fuse
with each other to become the . A syncytium is a

interactions between the trophoblast and these blood vessels results in
the formation of the vascular supply of the placenta.

The study of implantation involves the search for and identification
of factors controlling uterine receptivity and matermal recognition of
pregnancy. Same of these factors seem to be produced and released by the
cells of the blastocyst prior to implantation. The understanding of the
biclogy of implantation has far-reaching implications for human and
non-human reproduction. Both in the natural reproductive process and in
the practice of medically assisted conception, there is a huge gap between
the mmber of successfully fertilized eggs and the mmber of offspring
boarn. A large part of this gap can be accounted for by the loss of
enbrycs at or arourd the point of implantation. For example, in human
IVFET practice, 60 to 70 percent of the eggs are fertilized, but only

twenty to thirty percent of the embryocs placed in the uterus result in an
ing . Moreover, it has been estimated that, in cauples

present. In sheep and cattle, twenty to forty percent of the fertilized
eggs do not survive and, in the pig, the lose rate is thirty to forty

i

that much of this loss results from three cther possible causes. First,
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The idea that the uterus allows implantation only under precise
corditions almost certainly underlies the problems discussed elsewhere in
this chapter relating to synchrony between the embryonic stage and the
uterine stage. Iack of synchrony has been demonstrated to be a problem in
all species e@xmined. It has been shown that if precise synchrony camnot
be achieved, it is generally better to transfer embryos that are more
advanced than the uterine erwviroment. This makes sense if one considers
that, following ovulation, the corpus luteum in the ovary begins to
produce progesterone, which acts to prepare the uterus for pregnancy.If
the corpus luteum degenerates, the drop in progesterone causes the uterine

advanced than the embryo may not produce encugh chorionic gonadotropin to
be able to rescue the corpus luteum from degeneration.

There have been attampts to control the state of the uterine lining

worked, but only during a narrow time window and, if given too early, was
actually toxic to the embryos. Other research suggests that it is too
simplistic to assume administration of ane type of hormone would be
sufficient to control the uterine erwirorment. Analysis of proteins
synthesized and secreted by embryos indicates that there are a mumber of
different chemicals made by embryos that can affect the uterus or the
corpus luteum. It is nevertheless probable that same of the

proteins cause changes in the secretions of uterine cells

eanbryo-produced
that are necessary and/or supportive of an implanting embryo.

A mmber of proteins are also secreted by endametrial cells, and much
research has focused upon isolation of these proteins, analysis of their

mmmm,nmummﬂmmmmmm
eplanta of it in culture. Using precursors for protein synthesis that
have been radicactively labeled, investigators can label the new proteins
synthesized and campare the pattern of proteins fram implantation and
non-implantation sites. This strategy has shown that the rate of protein
accumilation in implantation sites is up to forty percent greater than in
sites. Much of the increase is accounted for by increases in
destined to be secreted from endametrial cells. Further work
of protein synthesis fram natural implantation sites
y induced to look like implantation sites.

mﬁnmﬂmisofmmhabyﬂn
proteins were not increased. Such a finding
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pseudopregnancy. This protein has a
anti-inflammatory action. Factors isolated from the mouse include
epidermal growth factor and a type of colany stimilating factor, both of
vwhich increase in response to progesterone. It is surmised that these,
and probably other, growth factors may function to control the
proliferation of the placenta.

Studies of endametrial proteins in the pig are of special interest

!
%
|

In summary, many classes of proteins are produced and secreted by
endametrial cells in response to estrogen, progesterone, or
factors. While same of these proteins serve mtritive
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vessels, proliferation of blood capillaries ard tluid acamlation. In
addition, it:l.saextaintlntall—a:rfacemtjgasapableofdicitﬁgan
immmactimmﬁnepartofthemtheraremballywutm
embryos. Thus, the reasons why all embryos are not rejected
immmologically are interesting and important areas of research. It has
been found that embryocs release substances, especially interferon, that,
in other tissues, act to suppress or modulate immme cell activity.
Therefore, ithpcssibleﬂntﬂnalbryowtstocamlloallyﬁn
immme response of the mother by secretion of immmamodulating
substances. However, more research is needed before such a mechanism can
be established.

The study of implantation in human beings is particularly difficult
because there is no in vitro model available. Such a barrier has special
importance because of the wide species differences that exist in regard to
implantation. Findings from other species cannot be assumed to be true
for human beings. However, it is possible to examine same aspects of
human implantation by using in vitro methods recently developed. One of
these methods involves the isolation of cytotrophoblast cells. It has
been found that cytotrophoblast cells placed into culture under certain
conditions will proliferate and differentiate into syncytiotrophoblast.
Such studies have shown conclusively that syncytiotrophoblast is derived
fram cytotrophoblasts. In a culture dish, this differentiation takes
place in two steps. First, the trophoblast cells aggregate. Then they
fuse to became a syncytium. It is likely that this process is mediated by
cell-adhesion molecules or CAMs, which have important roles in cell-cell
interactions during development of the nervous system and other tissues.
The CAMs are produced by the trophoblast cells because blockade of
proteinsynthesis prevents aggregation of the cells. It is also known that
the process depends on calcium, since it does not occur in culture medium
lacking calcium. In contrast to the aggregation step, the mechanisms
responsible for fusion of the trophoblast are entirely unknown.

The interactions of cultured trophoblastic cells with various
campanents of extracellular matrix have also been studied. Extracellular
matrix is simply the intercellular space and its camponent molecules,
which are usually synthesized by the surrounding cells and secreted into
the extracellular space. The exact camposition of the matrix varies from
tissue to tissue, but it is important in the uterus since interactions
between it and the blastocyst ocaur during implantation. For
aggregation and membrane fusion to occur, there must be serum proteins in
the culture media and/or the dishes must be coated with extracellular
matrix proteins. It is thought that the serum is required because it
contains matrix proteins, (e.g., fibronectin). If these proteins are
added, the serum is no longer required. Oollagen, fibronectin, and
laminin are structural proteins thet are plentiful in many extracellular
spaces.
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The importance of extracellular matrix was underscored by additional
that used endamsetrial explants to co-culture the trophoblast
cells. This method is more like the natural situation, since the
Wmfmmw,uufm,hnm
showed that

trophoblast
cells of secretory endometrium. 'mecansalsobirdtoaxtmfwesof

anociat-dwi the tissue. Moreover,
nd invade nests fanunadcﬂmtrhlglam
ls dis 1s and
rocess lantation.
These experiments suggest that the ys permits
attacihment and differentiation of t That fact has

important implications in disease states wnere we epiuwelium is eroded
and, especially, when the lining of the fallopian tubes is eroded. Such
states may cause implantation to occur in either less desirable sites or
in totally undesirable sites such as the fallopian tubes.

The mechanisms for trophoblast invasion of the endametrium are not
known. There are a variety of proteases (enzymes which break down
proteins) that have been implicated, such as plasminogen activator. In
sare strains of mice, blastocysts are less invasive of the endametrium
apparently because they produce less plasminogen activator. CQultured
haman trophoblasts produce plasminogen activator (urockinase). Urokinase
mydegndeﬁbzumectinaxdactivateoﬂmmzyms(eg.,couagam) It
is possible that the action of proteases like urcokinase coul
cmtmlledbythepresaweofcallamfacemceptctsforthemzyme,midx
localize its actions, and by specific plasminogen activator inhibitors,two
of which are known to be generated by trophoblastic cells. This control
would be important since the invasion of the endametrium must have an
endpoint since embryocs do not burrow all the way through the endametrial
wall.

It is expected that many of the biochemical interactions between the
trophoblast and the endametrium would occur through paracrine mechanisms.
Substances released by the syncytiotrophoblast and cytotrophoblast could
reach a high local concentration in areas of the endametrium. Substances
known to have powerful paracrine effects in other tissues may play a role
Substances

interdependent
tissues. Further research, however, is clearly necessary to answer these

On the basis of the above studies, investigators have proposed a
working model { in the human. The first step of this model
holds that the ds to specific endametrial cell-adhesion

molecules. After ovumuyy, us trophoblast penetrates the endametrium and
-63 -
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attaches to the extracellular matrix by mechanisms involving proteases and
controlled by specific inhibitors. This model, then, forms an adequate
starting for further research. Knowledge of the biochemistry is
particularly deficient and could be furthered by the application of
technologies such as monoclonal antibodies and DNA probes for particular
cell-adhesion molecules. Identification of the molecular mechanisms of
placenta formation may determine the factors that regulate the proteases.
Such findings could be of great use in understanding disease states like
toocamia in which abnormal invasion of trophoblastic cells is suspected to
be a cause. Finally, investigators see a real need for the institution of
a national or intermational registry of IVFET programs to track the
incidence of abnormal implantation and correlate those data with the types
of ovarian stimilation protocols used and hormone replacement therapy
given. In this way, the disturbances of implantation caused by various
aspects of the procedures of IVFET could be separated from these which
ocaur naturally.
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1.
2.

3.

4.

Based on talk by Dr. Zev Roserwaks.

Summary of talk given by Dr. Neal First.

Summary of talks given by Dr. Robert F. Williams and Dr. Joamne
Fortune

Stmxyoftalksgivmbynr. Ray Hammerstedt, Dr. John Eppig, and
Dr. Stanley Ieibo. For additional information on cryocbiology, see
S.P. leibo, Cryobiology: Preservation of Mammalian Embryos. In
, J.W. Evans and A. Hollaender (Eds.),
Plemm Press, New York, 1985.

Summary of talks given by Dr. William W. Wright and Dr. James M.
Hammond

Summary of talk by Dr. Jonathan Van Blerkom.

Conbined summary of talks by Dr. Patricia N. Saling, Dr. Richard
Schultz, and Dr. Jurrien Dean.

Sumaries of talks by Dr. John D. Biggers, Dr. Peter Braude, ard Dr.
Virginia Papaioannou; summary of talk by Dr. Harry M. Weitlauf, which
was given in the fertilization section of the workshop, is combined
in this chapter with talks included under implantation. For
additional information, see Braude, P.R., Bolton, V.N., and Mocre,
S., Ruman gene expression first occurs between the four- and
eight-cell stages of pre-implantation development. Nature
332:459-461, 1988; and Braude, P.R., Bolton, V.N., and Jahnson, M.H.,
'1heuseoftnmnpre—abryosininfertilityreseard1 In Embryo
Research: Yes or No, Ciba Foundation Study Group, G. Bock and M.
O’Comnor (Eds.), Tavistock Press, United Kingdam, pp. 63-82, 1986.

Combined summaries of talks given by Dr. Harry M. Weitlauf, Dr.
Jerame Strauss, and Dr. R. Michael Roberts. For additional detail
see Weitlauf, H.M. and Suda-Hartman, M., Changes in secreted uterine
proteins associated with embryo implantation in the mouse. Jowmal
of Reproduction and Fertility. 84: 539-549, 1988.
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CHAPTER 3
BARRIERS TO PROGRESS IN IN VITRO FERTILIZATION
AND EMERYO TRANSFER

Since the birth of Iouise Brown in England in 1978, in vitro
fertilization with embryo replacement has become an established method of
treatment for certain types of infertility that do not respond to
alternative methods of treatment. In 1988, 169 centers that offered IVFET
were identified in the United States. Appreciable demand for IVFET exists
despite same disadvantages, such as a higher rate of ectopic pregnancy
than occurs with normal conception, high costs ($6,700 at one of the
nation’s oldest programs (Janes, 1989) that are often not reimbursed by
third-party payers, prolonged treatment time, and uncertain results. Data
fram 41 clinics that reported to the American Fertility Society indicate
the success rate is improving. In 1985, 14.1 percent of stimilation
cycles resulted in clinical pregnancies. In 1986 this figure rose to 16.9
percent (Fertility and Sterility, 1988a). However, the proportion of
wanen entering treatment who attain a live birth is far lower — only 8.9
percent of oocyte retrievals ended in live birth (Journal of the American
Medical Association, 1988a). Moreover, same women start treatment, but
for a variety of reasons fail to reach the stage of egg retrieval.
Improvements in the success rate of IVFET are probably not the result of
significant changes in the methods of ovarian stimilation or laboratory
procedures. Rather, improvement may be attributed to a decline in the
average age of wamen undergoing IVFET, increasing experience of clinician
and laboratory personnel, and more rigorous criteria for selection of
patients (Van Blerkom, 1989).

Wy are the odds for successful luman IVFET so low? The answer lies
in part in the state of knowledge of reproductive and developmental
processes. There are a large mumber of unanswered questions whose
resolution would have major impacts on the success of IVFET. Same of the
most basic questions include: How does one identify a viable embryo?
What are the effects of cryopreservation of gametes and embryos? How many
embryos should be transferred? Why do same embroys fail to contimue to
develop after apparently normal development? What are the physiological
effects of hormonal treatments? What are the factors that control oocyte
maturation? Wwhat regulates daminance of ovarian follicles and what are
the mechanisms of implantation? One of the most important factors that
limits the success of medically assisted conception procedures is the
natural frequency of egg and embryo wastage. The most reliable and
reproducible estimates of inherent developmental failure in gametes
indicate that about 20 to 25 percent of meioctically mature human eggs
cbtained at genetic abnormalities, about 7
percent of y abnormal, and about 10 to 15
percent of unrertiilzea cocytes carain cytoplasmic aberrations or
pathologies. In addition, the vast majority of man embryos derived
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fram fertilization in vivo or in vitro will not develop to a blastocyst.
Wfailmdnimcleavagehfai Even embrycs
that do develop to the blastocyst stage mmalities in cell
stmcunectnmertmtmmtmistmtwithpostjmlmum
develomment (blighted ovum, for example). Collectively, developmental
failure in the early stages of embryonic development appears to be the
normal situation for the human species.

The state of clinical practice of IVFET today is limited by lack of
knowledge of same of the basic reproductive bioclogy involved. The reason
for this is, at least in part, due to the many ethical questions raised by
research in pursuit of the needed information. Difficulties in resolving
these issues have caused the research to be deprived of federal funding.

This chapter first reviews the social and ethical barriers to
progress in research, and then focuses on the scientific barriers. Brief
note is made same of the ethical issues that are raised by the practice of
in vitro fertilization, and the history of federal involvement in
considerations of human fetal research is described. Same nations have
examined the ethical questions and have issued guidelines or regulations.
These will be described. Finally, the major science barriers that have
slowed progress in human and animal practice of IVFET will be noted.

Ethical and Social Issues

Same of the ethical or social issues that arise fram the various
forms of assisted conception are unrelated to decisions about the
of research. Examples of these are questions about the protection of the
rights of gamete donors, gestational parents, and social parents;
decisions on the fate of concepti, embrycs, and fetuses; the moral status
of human potential; the ownership of cryopreserved embryocs whose parents
have divorced or died; the confidentiality of sperm donors; and questions
of the right of a child born of medically assisted conception to know his
or her camplete parentage. Other fundamental questions revolve around
concepts of the right of an individual to reproduce, the sale of gametes
and embryos, and whether infertility should be defined as a disease.

Same ethical questions have a direct bearing on research, and have
had important consequences for the funding of research. The major
questions focus on the status of the embryo at each stage of its
development. How the embryo is regarded dictates what is morally
acoceptable to do to it. The implications for what may be done with an
uhryodifferamdﬁqtoumhmnnfohﬂmtobegin,m
any biological material containing the potential for human life is
considered to be sacrosanct, and other such questions.

The determination of the moral status of the embryo drives such
decisions as what level of risk to the embryo is acceptable in the
practice of IVFET and research; whether it is possible to "discard"
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anbrycs, even when placement in a uterus diminishes the probability of
other aembryos surviving; whether it is permissible to create embrycs for
research purposes, and up to what stage of development of the embryo
should research be allowed, and with what risk to its normal development.

At one end of this spectrum of thought is the position taksn by the
Roman Catholic Charch, which holds that life begins with the union of two
haploid gametes to form a diploid zygote. The Vatican’s Instruction on
Respect for human Life states that "fram the first moment of its existence
until birth . . . no moral distinction is considered between zygotes,
pre-embrycs, embryocs or fetuses® (cited in Fertility and Sterility,
1988b) . Therefore, the absolute sanctity accorded to post-natal hmman
life begins with the zygote. mmmitimasibletodimm

spare embryos or use them for research purposes. At the other end of the
mhﬂnpasiﬁmﬁntmmhmlybiologialmuke
any other group of living cells. The special value that might be attached
to that material results from the expectations or aspirations of others.
Those who hold this view also note that a large mmber of naturally
conceived ambryocs fail to develop after implantation, thus
excess embryos created by IVFET

g
|
;
|

be designed to improve the safety and efficacy of IVFET, and that the
information could not be cbtained by other means.

The Federal Govermment and Embryo Research

(Unless otherwise noted, this discussion is derived fram a summary of
fetal research issues by the Association of American Medical Colleges
(1988)).

As mentioned earlier, the Ethics Advisory Board was chartered in 1977
to review applications for federal support of research. This resulted
fram growing concern about fetal or embryo research, which in turn stemmed

subjects. Policy concerning research on human subjects had been slowly
evolving since the 1960s. A study group was canvened at NIH to develop
guidelines, and a National Advisory Camission on Health Science amd
Society was proposed by Senator Walter Mondale in 1968 to examine
developments in medical research. This camnission was not established,
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infamous syphilis experiments, DHEW recommended that Congress
mﬂiﬁwmwmlmmeﬁmrMmm

research. After the Roe v. Wade decision made legal abortion under

proposed

research. In 1974, the federal goverrment created the National Cammission
for the Protection of Human Subjects (P.L. 93-348). Until this commission
reported to Coangress, research on the living fetus was prohibited unless
it was used to help that fetus survive. This Comnission did not consider
the topic of research on the embryo or IVFET. The Commission however
recamended establishing an Ethics Advisory Board (EAB) to review requests
for conduct of embryo and IVFET research. Without such review, requests
could not be processed. In 1975, DHEW issued regulations based on the
findings of the camission. These regulations prchibited federally funded
research unless the risk to the embryo was no greater than “those
ordinarily encountered in daily life or during the performance of routine
physical or psychological examinations or tests," or for therapeutic
purposes (cited in Association of American Medical Colleges, 1988).

The EAB met for the first time in 1978. In 1980, the Secretary of
Health and Human Services allowed the EAB charter to expire and, without
e@planation, failed to renew it. Thus, federal funding of embryo amd
IVFET research was, in effect, prohibited. As a result, embryo research
has relied on private funding from patient care revemues,
campanies, and university budgets. It is estimated that, were the EAB
active today, it would receive more than 100 grant applications (Office of
Technology Assessment, 1988). In addition, the federal goverrment has
lacked a means for controlling the direction of, or practices used in,
such research. As was noted in 1979, "Departmental irvolvement might help
to resolve questions of risk and avoid abuse by encouraging well-designed
research by qualified scientists. Such involvement might also help to
shape the use of the procedures through regulation and by example.™
(Department of Health Education and Welfare, 1979). This opportunity has
been lost for a mumber of years.

In 1985, two events ocarrred in relation to the future of embryo
research. Congress created a Biamedical Ethics Board. This board,

camposed of members of Congress, six senators and six representatives, is
to examina the protection of human subjects in biomedical research.
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Included in its brief are stidies of the ethical implications of embryo
research. By 1987, the 12 congressional members of the board had been
appointed. The Board established a 14 member Biomedical Ethics Advisory
Camittee composed of scientists, physicians, clergy, and others. After
months of deadlock over disagreements that mainly focused on appointees
views on abartion and other ethical issues to do with definitions of hauman
life, the advisory comittee was named (American Medical News, 1987). The
first meeting did not take place until September 1988, and the date for
sumission of a report on fetal research had passed (Capron, 1989).

Appo the leaders and members of this Biamedical Ethics Board
and the Biamedical Ethics Advisory Comnittee has been fraught with delays,
as has the initiation of the activities of these bodies. Adaqauttn!irg
is not assured. Alexander Capron, Chairman of the Biomedical Ethics
Advisory Camittee notes that "one can be hopeful, but not certain that
(these graups] will be able to fulfill their statutory purposes.”
(Capron, 1989) Whether progress in enabling embryo research to proceed
will be made is open to doubt in today’s political envirorment.

In addition to these congressional groups there has been activity in
the exeartive arm of goverrment. The Department of Health and Human
Services intends to reactivate the EAB that expired in 1980. In September
1988, notice of a draft charter was published in the Congressional
Record. The 60-day camment period has elapsed and a final revised charter

is pending.

The EAB, if reactivated, will develop specific quidelines to review
NIH research proposals. It seems likely that the guidelines will be
influenced by the broader policy formed by the congressional groups.

Domestic and Foreign Decisions on Embryo Research

The two professional societies in the United States that represent
the physicians most involved in human IVFET have considered ethical
questions about the practice of IVFET and embryo research. The American
College of Obstetricians and Gynecologists (ACOG) issued an cpinion that
IVFET is a clinically applicable procedure that can be practiced if
certain standards are assured and the ethical issues are considered
(American College of Cbstetricians and Gynecologists, 1984). Two years
later the ACOG Committee on Ethics (American bstetricians and
Gynecologists, 1986) issued a statement that the ethical
issues that were posed by the creation of emoryos cucsice a uterus,
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1986). A year later, after consideration of the Vatican’s Instruction for

This report stated that progressive degrees of respect are due with
progressive development of embryos, and that experimentation can be
justified and is necessary if the mman codition is to be improved
(Fertility and Sterility, 1988b).

Despite public debate of the issues, statements issued by religious
and professional graups, and other evidence of public interest, the
govermment of the United States, since 1979, has not followed the lead of
a mmber of nations that have systematically examined issues related to
human IVFET. However, state statutes relevant to embryo research exist.
Twenty-five states restrict embryo research, and 19 of those have language
that could be interpreted as prohibiting s research
(Office of Technology Assessment, 1988). scme

have issued rules or regulaticms w conuos eadher the
clinical practice, level of research, or both. LeRov Walters, Director of
Bioethics at the Kemnedy Institute of University, has
reviewed statements on the new reprodu made by
camittees in other countries (Walters, 1987). He notes that, since 1979,
at least 85 statements have been prepared by comnittees representing at
least 25 countries. Walters focused his analysis on the reports listed in
Figure 1. His analysis of issues in luman embryo research notes that four
Australian comittees found research on early (preimplantation) embryocs to
be ethically unacceptable. Eleven camittees approved at least same kinds
of early embryo research. Six of those accept such research only on
embryos left over fram clinical activities. Five comnittee statements
(including the 1979 Ethics Advisory Board) would allow the creation
of embryocs for research purposes. Although the majority of cammittees
favor limiting research on embryos to up to fourteen days, cne comittee
allowed it only to seven days, and ane only through the first cleavage
(for details see Figure 1). An additional, important, position statement
was issued by the Vatican in 1987. The Vatican found unacceptable IVFET,
artificial insemination, and embryo research if it is not for the direct
benefit of the embryo on which the procedure is performed.
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In sum, mumerous groups have wrestled with questions related to the
ethical problems of mman embryo or fetal research. Same have based their
conclusions an religious tenets, same on an interpretation of scientific
knowledge, same on a mixture of both. It should not be surprising that
there are substantial differences in the conclusions drawn by these
graups. However, to the extent that each has laid out the foundations of
its arguments, the debate about the acceptability of embryo research has
been advanced.
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Figure 1 (contimued)

THE SIXTEEN EXTENDED COMMITTEE STATEMENTS
OGN THE NEW REPRODUCTIVE TECHNOLOGIES: 1979-1987

A.

B. Victoria, Australia, Comittee to Consider the Social, Ethical amd
legal Issues Arising fram In Vitro Fertilization

1.
2.
3.

C.

D.

E. ChmcilfarSciencemﬂSociety (Lmitedxingdm) Workimputy

F.

(= Warnock, Unitad Kingdom) (July 1984)

G. Tasmania, Australia, Camittee to Investigate Artificial Conception
and Related Matters

1. Interim Report (= Tasmania I) (December 1984)
2. Final Report (= Tasmania II) (June 1985)

I.
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Page 2 (Figure 1 contimed)

J.

M.

0.

P.

Federal Republic of Germany, Minister for Research end Technology and
Justice Minister, Working Group,

(= Benda, German Federal Republic)
(Novemberxr 1985)

Spain, Congress of Deputies, General Secretariat, Special Comission
for the Study of Buman In Vitro Fertilization and Artificial

Insemination, Report (April 10, 1986)

Western Australia, Committee to Enquire into the Social, legal and
Ethical Issues Relating to In Vitro Fertilization and Its Supervision

1. Interim Report (= Western Australia I) (August 1984)
2. Report (= Western Australia II) (Octaober 1986)

Netherlands, Health Council, Committee on In Vitro Fertilization and
Artificial Insemination by Donor

France, National Consultative Comnittee on Ethics

Pertilization (= New South Wales IT) (3uly 1987)
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Other Barriers to Scientific Progress

The research agenda developed by the Institute of Medicine, Board on
Agriculture camittee (see Chapter 4) identifies many areas in which
further research would make major contributions to improvements in
medically assisted conception in humans and animals. As noted in
1, improving the application of medically assisted conception would
benefit society in several ways, including making possible the
preservation of same endangered species, as well as providing same relief
from infertility and making production of meat and milk more econcmical.
Progress, however, has been delayed by a mmber of factors, most of which
stem from the generally controversial nature of concepts surrounding
issues in reproduction, and specific controversies related to elements

important to reproductive research — zygotes and embrycs.

As a prerequisite to developing recammendations to advance the
science base of medically assisted conception, the camittee first
examined the impediments. In addition to the ethical considerations
referred to earlier, the following barriers deserve particular emphasis:
1) deficiencies in the scientific base of this area of reproductive
biology; 2) the resources available for research in this area of science;
3) lack of mechanisms for caonmmication within the reproductive research
commnity among basic scientists, clinicians, and animal husbandry
scientists; 4) fear of abuses of reproductive technologies; 5) a relative
lack of sympathy and understanding of the problems being experienced by
infertile couples; 6) lack of a cohesive public interest group favoring
such research, in contrast to well organized opposition; 7) limited health
insurance coverage of IVFET services; 8) limited sources of research
materials for experiments relating to human beings and to animals; and 9)
ﬂ}eprsentdilofwrsocietycamnﬂmwtoharﬂlemreﬂﬁal

disagreements.

Almost none of these factors is independent of the others; rather a
causal relationship is often found. Same of the barriers identified may
be amenable to policy intervention. The following sections briefly review
the impact of the major barriers to progress and how they have come to be
in existence.

Deficiencies in the Science Base

The papers presented at the camittee’s workshop and the research
agenda developed from that workshop (see Chapters 2 and 4) indicate
deficiencies in the scientific underpimnings of reproductive biology, and
identify many areas in which further research efforts would make major
contributions to improvements in medically assisted conception. The
deficiencies are on three levels: basic science knowledge; knowledge
needed to improve the technologies being used for medically assisted
conception, such as crycbiology; and knowledge needed to improve both
human and animal clinical practice of IVFET. As explained in detail in
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Chapter 2, deficiencies in all three levels limit both the quality and
efficiency of the practice of IVFET.

reproduction. As a result, the use of in vitro sperm capacitation,
artificial insemination with frozen semen, transfer of frozen embryocs,
ococyte harvesting from dead animals (the lazarus effect), and the
splitting of the dividing cells of the early embryo into more than one

Research Funding

Approximately $115 million anmually is spent on research in hman
reproductive processes. The major sources of private funding (the Ford,
Rockefeller, and A.W. Mellon foundations, and the Population Council) in
1985 together contributed $2.8 million to research related to reproductive
processes. This includes grants to investigate male and female
infertility, fertilization, zygote transport, preimplantation development
and implantation, and reproductive endocrinology (National Institutes of
Health, 1988). Federal agencies are the principal support for research.
In 1986 they provided $109 million for research in reproductive processes
(National Institutes of Health, undated).

The National Institute of Child Health and Human Development (NICHD)
of the National Institutes of Health provides the major portion of federal
support of human reproductive research. Approximately $100 million per
year, one third of the budget of NICHD, is spent in the reproductive
sciences branch of NIGHD on contracts and grants to academic centers and
to the NIH centers for reproductive biology. In addition, the
wwmmm,mwmmmymmm
support contraceptive technologies, contributes to basic reproductive
research. Federal funds for research relating to agricultural animal
reproduction are available from the U.S. Department of Agriculture.
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RFunding for basic research in human reproductive biology is
undoubtedly constrained by the lack of vocal and focused advocate groups
that have been formed for some diseases such as cancer and heart disease.
Lacking such a constituency, a major increase in federal support is
unlikely. Yet, as the research agenda in Chapter 4 suggests, additional
investment in research in reproductive biology can expect to be repaid in
improvements in the reproductive health of the nation.

ILack of Canmmication Among Researchers

Discussion with the scientists and clinicians at the comittee’s
workshop revealed an underuse of available mechanisms for cammmications
among the individuals involved with various aspects of research in
reproductive biology — basic, clinical, animal sciences, etc. Also
revealed was a desire for greater canmmication to allow
cross-fertilization of ideas and development of ongoing relationships

among investigators pursuing similar approaches to problems.

Difficulty in establishing commmications is sometimes caused by the
locale of investigators and the way science is organized. Basic
scientists are frequently Ph.D.s in basic science departments such as
anatamy or physiology. They often use animal models for their studies and
have little or no contact with patients. Clinicians have an M.D. degree
with subsequent residency training and are generally housed in clinical
departments such as obstetrics and gynecology. They are frequently
heavily involved with patient care. S2me researchers working in animal
sciences have veterinarian degrees, others have basic science degrees, and
frequently work in departments related to animal sciences or agricultural
practices and deal with animals of econamic importance.

The excitement and stimilation experienced by the individuals
attending this IOM workshop, which encouraged interaction with individuals
Y

Societal Concerns
The fear of abuses of reproductive technologies, the seeming lack of
societal sympathy and understanding of the problems by

infertile couples, and the lack of a cochesive public interest support
group are to same extent related phencmena.
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Fears of abuses of the new reproductive technologies are legitimate
concerns in a society that bas not consistently shown an ability to
monitor the ethical implications of scientific progress. Nor has this
society established deliberative bodies that might reassure the public
that applications of reproductive science will be controlled in ways
sensitive to the delicate balance between preserving ethical standards and
improving the human condition.

This is not to imply that concerms about the uses of new reproductive
technologies can be easily quieted by the creation of deliberative or
regulatory bodies. Rather, that to date the U.S. has not grappled with
the issues as same other nations have done. However, if renewed efforts
to put in place the needed mechanisms are successful in dispelling same of
the warst fears about research abuses and the new technologies, scientific

progress may be furthered.

It is clear that concerns are deeply felt. The strength of
opposition to legal abortion demonstrates concerns that result from
religious conviction and concerns about social values. The strength of
suppart for legal abortions demonstrates concern for the freedom of
individuals and the social impact of restrictive reproductive policies.
Advances in science are making available technologies that open up new
opportunities. Same view these technologies as opportunities to enhance
the hman condition. Others view them as potentially damaging to the
social fabric. Indeed, there already exist technologies that are used in
animal husbandry that members of society will not wish to have applied to
haman beings. Animals can presently be cloned, and genetic alterations
have been made to animal germ cell lines. These are same of the issues
that deserve careful scrutiny and public input. It is therefore important
that society has mechanisms to consider and to debate the application of
new technological capabilities and to ultimately provide safeguards
aqainst their misuse.

Reinforcing a sense of discamfort with same of the possible uses and
abuses of new reproductive technologies, and also constraining efforts to
advance in this area, may be a sense that infertility is a less vital
concern than, for example, life threatening illness, disability, or more
generally accepted signs of ill health. Although private third-party
payers reimbursed roughly 70 percent of total non-IVFET infertility

tures in 1980, the services are usually covered only if "they are
associated with medical conditions or diseases requiring diagnosis and/or
treatment and not solely related to infertility and fertilization"™ (Office
of Technology Assessment, 1988). Insurance coverage for IVFET is still
limited, in part because the procedure is considered experimental.
However, coverage is available for many parts of the IVFET workup (Office
of Technology Assessment, 1988). If concerns about the allocation of
constrained health care resources contimie to be high an the nation’s
agenda, it seems likely that less "acute" conditions such as infertility
will lose out to more generally accepted forms of medical care, and will
be available only to those who can pay the price. Also, a high cost
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procedure such as IVFET, likely to benefit a very limited mmber of
pecple, will be further campramised in a cost-conscious health services

explained by the camplex religious and ethical issues involved with
certain types of research, by the lack of a cohesive research cammmity,
by fear of abuses in the area of ve technology, by a low public
awvareness of the size of the nation’s infertility problem and the

effect of infertility on individuals and couples, or a cambination of

The camittee’s many excellent examples of
instances in which information about reproductive physiology derived from
animal models has been useful in human physiology.

In addition, although specific primates are good models for scme
aspects of human reproductive physiology, there are only a limited mumber
of monkeys of desirable species in captivity and many of them are
presently being used for AIDS research. To optimize the use of each
primate, it would be helpful to develop noninvasive procedures for steps
such as ococyte harvesting. Such a procedure would also be of great
importance to patients.

The camittee believes that restrictions on the amount of material
available for research use is slowing the rate of progress in developing a
scientific base for IVFET and the technological advances that would make
it more efficient. These limitations are the result of a concern that
human material be used with proper respect, and that the use of animals
for research purposes be controlled to ensure that they are not abused.
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There exist ways, however, of enlarging the amount of available research
material wvhile preserving a proper consideration for these issues. Making
available material from organs that have been surgically removed would
increase the sypply of hman tissue. For instance, when an organ such as
the ovary is removed for medical reasons, it might be made available for

harvesting cocytes and eggs.

In sum, as discussed in many places in this report, eﬂxical and
ncialmuﬂerlhnmofthehuﬁmtom xwmcmctive
research and the clinical application of new technologies. ILack of
mechanisms for resolving such disagreements has inhibited progress in the
mwummmmmmofplmm It is
encouraging that has established the Biamedical Ethics Boards,
and that the executive branch of goverrment is taking steps to reactivate
the Ethics Advisory Board. If these bodies became functional the nation
will have taken steps to establish entities to handle difficult issues in

reproductive biology.
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CHAPTER 4
« RESEARCH AGENDA AND RECOMMENDATIONS

This chapter lists the areas of research that, in the view of the
camittee and workshop participants, hold particular promise in advancing
the knowledge base and efficacy of medically assisted conception for
humans and other animals. In addition, this chapter outlines the
conclusions and specific recommendations that were made by the cammittee
following the workshop. 'mereseaxdau;emaitarsareorgamzedmto
three main categories. The first and largest category includes pramising

areas of basic scientific on. The second category encampasses
areas in which improvement logv are needed. The third category
includes questions that can pe by cooperative agreements among

clinical centers involved in IVFET. In addition to organizing the
research agenda into cammon areas, these categories also generally reflect
the different funding mechanisms that might be required to support such
investigations. Research grants to support basic science projects could
be obtained through campetitive grant programs at the National Institutes
of Health or the National Science Foundation. Formila funds and
canpetitive grants can be cbtained fram the United States Department of
Agriculture. Technological development, however, could be supported by
contracts from projects already supported by the NIH or other agencies.
Coordination of information from IVFET clinics could be accamplished by
any ane of a number of agencies or professional societies.

Research Agenda

The topics listed below are areas in which further research was
recamnended by workshop participants and camittee members. It therefore
reflects the areas of investigation considered to be pramising by the
comittee. Work in these areas is expected to increase understanding of
the biology of reproduction with the hope that increased knowledge will
eventually lead to improvements in practice of IVFET in humans or other
animals, ortoadvanoasmtheareaofcartraceptlm. Research areas are
hstedheremsxmnaxyfomardapplybouxtolcnerammalsarﬂhman
beings unless specifically noted. .The reader should refer to Chapter 2
for detailed discussion of these areas.

Basic Science
Male Gametogenesis

o Definition of the role of cell adhesion molecules in
interactions between Sertoli cells and developing sperm cells.
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the function of differential protein synthesis
indiffmltagesofspamdevelmt
o Determination of the role of paracrine factors including
fibroblast growth factor, samatomedin C, epidermal growth factor, and
interleukin-1 an the development and differentiation of male gametes.

o Structural analysis to identify normal and abnormal sperm and
the development of markers for abnormal sperm.

o Understanding of the biochemistry of sperm capacitation.

Pamle Gametogenesis

o Analysis of the effects of superovulation or hormonal
stimilation protocols on cocyte development and maturation. This work
should also examine differences among species.

o Development of ways to matura cocytes in vitro.

o Investigation of ways to naturally stimilate oocyte and
follicular development.

o Investigation into the biochemistry of meiotic arrest and the
factors, such as cyclic AMP, purines, calcium, and maturation-pramoting
factor, that may mediate this process.

o Development of ways to produce or synthesize hormones from
non-human primates to be used in ovarian stimulation.

() Definition of the role of ovarian estrogen in oocyte
maturation and ovulation and the interactions between estrogen and
paracrine factors including fibroblast and epidermal growth factors,
insulin-like growth factor, transforming growth factor, and inhibin.

o Definition of the point at which ococytes became sensitive to
factors that influence their development.

o Elucidation of the processes that underlie oocyte depletion,
to determine why cocytes are lost at a predictable rate throughout life.

) Investigation into ways to augment natural hormone release.

Investigation into the biochemistry of protein synthesis and
mdifiatiminmriancalls
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Pertilization

o Investigation into the biophysics of cell membranes as it
relates to sperm and egg interactions at fertilization.

o Continued investigation to identify the genes for zona
proteins in various species, especially humans.

o Further delineation of the role of zona proteins, especially
ZP2 and ZP3, in sperm binding.

o Understanding of the biochemistry of the modification of zaona
proteins in preventing polyspermy.

o Elucidation of the molecular determinants of antibody
fommtimi to zona proteins and their possible role in contraceptive
strategies.

) Definition of the biochemical mechanisms of the cortical
reaction in the egg and the effects of this reaction on zona proteins.

o Determination of the physiological significance of germinal
vesicle breakdown and the biochemistry of sperm chramatin decondensation.

o Definition of the molecular events associated with formation
of the male and female promuclei.

o Definition of the molecular events during zygote formation
and the first cleavage.

Preimplantation Development

o Definition of the metabolic requirements of early embryos at
different stages.

o Determination of embryonic gene expression.

o Assessing the potential of individual embryonic cells and
defining the point at which embryonic cells are camnitted to particular
fates.

) Identification of substances produced by early embryos that
signal changes in the uterus prior to implantation.

Improvements in -ltn:yo mltiplicatim and embryo splitting,
upacially for food—pmmcim
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Iplantation

o Definition of the biochemical events that make the uterus
permissive to implantation.

o Definition of the factors released by embryos that cause
endametrial changes at the site of implanation.

o Identification of the role of embryo-released factors in
suppressing the immme responses of the mother.

o Isolation and analysis of substances released by endametrial
cells and their effects an embryocs.

o Contimued work with in vitro models of human implantation to
study the biochemistry and mechanisms of embryo-endcmetrial interactions,
especially the role of extracellular matrix proteins and the biochemistry
of trophoblast invasion of the endometrium.

Technological Advances

Improved cryopreservation techniques, including freezing and
ﬂwﬁgprutocolsforlgpmﬂqbryos

o Improved resolution of ultrasonography for localization and

noninvasive harvest of ococytes, eggs, and embryos—would have particular
usefulness for non-human primates and food-producing animals.

o Development of new culture media and methods for in vitro
maturation of oocytes.

o Development of safe methods of biopsy of early embryos for
preimplantation diagnosis of genetic diseases.

Clinical Research Opportunities

The following areas are those in which a coordinated data collection
effort across IVFET clinical centers would improve the quality and success
rates of IVFET nationally and, possibly, intermationally.

o Evaluation of hormonal stimilation protocols in terms of
nmber of oocytes harvested, quality of oocytes, and rate of fertilization
success.

o Doamentation an the incidence of abnormal implantation rates
in IVFET practice and correlation of incidence with particular stimulation

protocol used.
- 80 =
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o Collection of information regarding the incidence of abnormal
eggs ard embryos, failed fertilization, and developmental arrest of

embryos.

o Analysis of data pertaining to synchronization of embryonic
stage with endametrial stage and development of methods to improve

synchronization.

) Collection of information on sharing of spare oocytes and
arrested embryos for research purposes.

Conclusions and Recamendations
Developing Research Policy

The lack of a mechanism for dealing with ethical disagreement over
the use of embryos in research has slowed the rate of progress in research
by, in effect, placing a moratorium on the use of federal funds for eight
years. This has had undesirable results: the human clinical practice of
IVFET is less effective than it might have been had research progressed at
a faster pace; other socially desirable goals such as improved
cantraception, better techniques to preserve endangered species, and more
cost-effective methods of producing food have developed at a pace slower
than is optimal.

The recent appointment of the Biamedical Advisory Cammittee by the
Biamedical Ethics Board, to report to Congress by November 1990 on embryo
research issues, could be a step toward a solution. The comnittee also
applauds the intention to revive the Ethics Advisory Board of the

acceptability of research relating to human embryos, which is required
before federal funding of such a research grant can be considered.

However, until these groups became fully functional and show evidence of
progress, their impact must remain in question.

If these groups can assume leadership roles in resolving the
difficult issues of reproductive research, and develop guidelines for
research that are based on information provided by science, as well as on
concepts that are ethically acceptable to society, research in
reproduction will be able to move forward. But if these groups became
paralyzed because of political considerations or an inability to develop a
framework for the resolution of differences of opinion, another
organization should take over the role. The camittee recammends that, if

-90 -

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18586

Medically Assisted Conception: An Agenda for Research : Report of a Study
http://lwww.nap.edu/catalog.php?record_id=18586

recamended a statutory licensing authority. Recognizing that it would be
same time before legislation would be campleted, the Medical Research
Council and the Royal College of Cbstetricians jointly sponsored the
voluntary body. Five of its 13 members are lay pecple. The group has a
mandate to undertake five major activities:

o to approve a code of practice on research related to hman
fertilization and embryology;

o to invite all centers, clinicians and scientists engaged in
research on IVF to submit their work for approval and licensing:;

o to visit each center before it is granted a license;

o to report to the sponsoring organizations; and

o to make known publicly the details of both approved and
unapproved work.

Basic Science Foundations

The mmber and range of topics included in this chapter’s research
agenda indicate the exciting potential for productive scientific
exploration. Funding that would allow investigation of the areas targeted
in the research agenda would allow significant advances to be made in
understanding reproductive processes. The camnittee believes that
fundamental research to enhance the basic science foundations of
reproductive biology should be stimilated and supported. This includes
studies of mman beings, laboratory animal models, and £
animals. The knowledge that would be generated is fundamental to an
understanding of how to reverse infertility, to new approaches in the area
of contraception, and to increasing the world’s food spply.

This report attempts to define not only the state of knowledge in
reproductive science relating to IVFET, but to assess and highlight scme
research cpportunities. It is important that aspects of male as well as

ve biology be studied. It is also important that

2 use of same opportunities that are largely ignored
__artunities occur as a result of clinical activities as
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well as research activities. For example, eggs that have failed to become
fertilized can became material for studies seeking chromosamal
abnormalities. Fertilized eggs that fail to develop may be used to
investigate the reasans for developmental failure, and to answer questions
about the natural wastage that ocaurs in pregnancy.

Research of this type would generally be funded by the grant
mechanisms of the National Institutes of Health and by the United States
Wofnrianm For adequate attention to a research agerda,

, administrators of NIH need mechanisms to insure that studies on a
varietyofﬂnsetcpicsmbeimhnﬂed For this an RFP or a contract
mechanism might be necessary to insure adequate coverage of the various
aspects of reproductive biology. Foundations are also encouraged to
consider increased support for basic studies in reproduction. A stable

funding base for reproductive research will encourage young, well-trained
scientists to pursue research in reproductive biology.

Applied Research

Research needs to be stimilated concerning technologies used in
medically assisted conception in food producing animals and in hman
beings. lack of support in these areas is leading to inadequate
scientific underpinnings for safe and effective clinical practice. An
eample of a technique used, but not carefully evaluated for possible
detrimental effects, is freezing eggs or zygotes. Further experiments
should be conducted to assess the effects on safety and viability of this
technology which is standard practice in many IVFET clinics. Other areas
of technology that need to be developed include less invasive ways to
retrieve cocytes, ways to mature oocytes in vitro, and ways to assess the
quality of spermatozoa or oocytes to be used for fertilization.

Since these studies would be technology driven, it is unlikely that
the research will be funded by a grant mechanism, therefore a contract
mechanism should be used.
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Clinical Research Opportunities

Perhaps the most cbvious missed opportunity is the failure to learn
fram the diverse experiences of the approximately 160 clinical programs
that provide hman IVFET. In addition to scientific questions, there are
to do with the organization of clinics and the cutcames of
procedres. The answers to these questions would enable practitioners to
work more effectively, and enable policy makers to make decisions on the

the best available information. Such questions include: Who
provides the quality assurance for facilities and procedures used
(including the training of those providing services)? How are protocols

:

of

Same specific questions to be answered from data that could be
collected fram clinics include: What ovarian stimilation protocols are
the most successful? Is chramosomal damage associated with any of the
procedures used? What indicates whether a zygote will implant
successfully? Much data relating to these questions already exist in the
centers. Other questions may require a cooperative prospective study to
be undertaken.

Clinical IVFET centers can also provide unique opportunities for
important studies. For example, human eggs that fail to fertilize in
vitro are material that could be used to investigate the phenamenon of
failed fertilization. Improved understanding of reasons for failure has
implications for reversing infertility and ensuring conception. Ancther
area for investigation for which the IVFET centers are particularly suited
is arrested zygotic development. In producing embryos by in vitro
fertilization, it has been noted that certain zygotes stop dividing. The
reasans for such arrested zygotic development are unknown. Have these
cells died? Can ons tell from studying the newly dividing zygotes which
anes will be most likely to initiate a successful pregnancy?

Failed fertilization in the peri-implantation period in both the
natural situation and during the procedures of IVFET is an important area
to be understood. Developmental failure in the early stages of embryonic
develomment appears to be a normal event for the human species. Whether
this loss results from lethal genetic defects, chromosamal ancmalies,
biochemical or structural abnormalities, or technical difficulties needs
further elucidation. Research that seeks to understand the basis of
reproductive failure, and its relationship to hyperstimilation should be
encouraged. Coordinated studies utilizing the mass of material and
experience fram IVFET centers could begin to answer these and other

questions. In addition, the experience of centers performing IVFET for
farm animals could provide valuable information.
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The camittee applauds the activities of the various professional
societies that have issued non-binding statements about the quality of
practice of IVF. 'BnAmericanFea:tilitySocietyhasalsoprovideda
voluntary registry for centers. On the animal side, The American Embryo
mferSOcietyhasstartedtoctablishmqmw for
camercial bovine embryo transfer. statesingamlwthmlvadby
licensing physicians, hospitals, and clinics, and as yet have not played a
daminant role in assuring quality of care.

ard

The camittee believes that a mechanism is needed to monitor

easy
cliniciamtomildmthehmadlybaseduperimofthemmity

Improving Camumnications

The IOM Workshop on Medically Assisted Conception brought together
researchers fram basic science, clinical practice, and animal sciences.
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