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Decidua and implantation of the embryo
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ABSTRACT Implantation of the embryo is critical for the initiation of intrauterine development of
early embryos. It depends on the proper soil formed by the decidualized pregnant uterus. In the
present article | have reviewed the evolution of the modern concepts of decidualization and embry-
onicimplantation, emphasizing how closely interrelated these two processes are. Special emphasis
and recognition is given to the Boston pathologist ArthurT. Hertig, who studied for 15 years with
another Bostonian, John Rock, a gynecologist, human implantation and early embryogenesis, thus
providing the basis for future studies of human reproductive biology, infertility and contraception.
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Introduction

The history and lore of human conception, intrauterine im-
plantation and development of the embryo, placentation and the
development of the fetal-placental unit are topics that have been
extensively reviewed in many comprehensive articles including
some of which were published eveninthis journal, The International
Journal of Developmental Biology (Alexandre, 2001; Longo and
Reynolds, 2010). Numerous monographs have been devoted to
the same themes. The most memorable illustrations from these
monographs have beenreproduced by Longo and Reynolds (2010).
Historical vignettes and overviews may be found in the well-known
textbooks and monographs (Benirschke and Driscoll, 1967; Boyd
and Hamilton, 1970; Mossman, 1987; Kraus, Damjanov and
Kaufman, 1991). The Encyclopedia of Reproduction, compiled in
four volumes by Knobil and Neill (1998) contains numerous refer-
ences to historical events that preceded our modern concepts of
reproductive biology in animals and humans.

Many of the great physicians and scientists of yore have stud-
ied placentation and the morphology and function of the placenta
and the gravid uterus. The theories of placentation and related
subjects up to 1900 have been comprehensively reviewed by
De Witt (1959). The list of the luminaries who have studied this
aspect of human reproduction is long and | will mention only the
most resonant names of scientists and physicians who lived in
the Middle ages and up to the early 20" century: Leonardo da
Vinci, Andreas Vesalius, Guilio Cesare Aranzi [Arantius], Girolamo
Fabrizio [Fabricius ab Aquapendente], Nicholas Hoboken, Walter

Needham, Erasmus Darwin, John and William Hunter, Karl Friedrich
Burdach, Ambrosius A.W. Hubrecht, and Charles Sedgwick Minot.

Several eponyms in the field of placentology have survived
the scientists and physicians whose names they bear. From the
perspective of a pathologist the most recognizable is Theodore
Langhans who as professor of pathology in Basel described the
cytotrophoblastic layer of the chorionic villi that was known for a
long time by his name. J. Isfred Isidore Hofbauer, an American
gynecologist described the macrophages in the chorionic villi and
these cells are still best known under his name. Raissa Nitabuch
is remembered for having described in her doctoral thesis the fibrin
layer in the placenta that is still known by her name (Pijnenborg
and Vercruysse, 2008). Mathias Marie Duval, eponymically known
to pathologists for the so called Schiller-Duval bodies in yolk sac
tumors of the testis and ovary described the endodermal sinuses
of the rodent’s placenta and actually even more importantly was
one of the first to describe the invasion of maternal spiral arteries
by trophoblastic cells (Longo and Reynolds, 2010).

For a student of history it is however regrettable that the contri-
butions of many of our forebears will remain covered by the dust
of history. Some of them may be rediscovered and given their due,
such as Realdo Colombi, a sixteenth century Italian physician
who gave the placenta its present day’s name (Pizzi et al., 2012).
The names of some others may resurface in another context. For
example, Ambrosius A.W. Hubrecht, the embryologist who intro-
duced the term trophoblast, is today better known by the famous
Institute of Embryology in Utrecht, The Netherlands, which bears
his name (Pijnenborg, 1998a; Pijnenborg and Vercruisse, 2013).
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The history of human and animal fertilization,
intrauterine ontology and placentology is replete
with stories about discoveries that were disputed,
discoveries that were contested, and even dis-
coveries that could never be reproduced. Still
many published data were proven to be of lasting
value and it is only fair to state, that despite many
distractions and false beliefs the work of numer-
ous scientists and physicians, especially during
the last 100 years has significantly expanded our
understanding of the early stages of human life
in utero and the interface on the placental bed
(Pijnenborg, 1998b). Many clinical advances are
based on this research culminating in the develop-
ment of routine techniques for in vitro fertilization.
The ancient Latin saying: Historia est magistra
vitae (History is the teacher of our lives) has never
been brought to life in a better form. For one of the
most riveting accounts of the 20" century history
of in vitrofertilization the reader should consult the
reminiscences of Biggers (2012). An interview with Allen Enders
provides a personal view of the research in comparative placentol-
ogy of our days (Thornburg and Hunt, 2010).

In this article | will review from a historical perspective two
topics: the human decidua, a theme which has been of interest to
me for some time and the description of embryonic implantation
by a pathologist (Arthur H. Hertig) whom | personally met in my
younger days.

Decidua

The term membrana decidua was introduced into the medical
scientific parlance by Andreas Vesalius, who included it in his
drawing of a pregnant uterus (Damjanov, 1985). The term decidua
implies that this uterine layer is to be shed at the time of delivery,
in analogy to leafs falling from the branches of deciduous trees,
or the deciduous teeth in children that do not last into adulthood. A
more detailed description and depiction of this membrane can be
found in the capital work of the 18th century British gynecologist
William Hunter (1774). Longo and Reynolds (2010) have repro-
duced drawings from Hunter’s book, which were transferred into
copper-plate engravings by the Dutch artist Jan van Rymsdyk.
It is also worth notice that Hunter distinguished the membrana
decidua vera in the parietal layer from the capsular membrana
decidua reflexa (De Witt, 1959). William Hunter also performed
dye injection studies on pregnant uteri and thus demonstrated that
the decidua is of maternal origin.

William’s younger brother John contributed further to elucidating
the nature of the decidua by noting that decidua develops in the
uterus of women who had ectopic pregnancies. He also noticed
deciduainboth horns of bicornuate uteri, even though the pregnancy
sac was only in one horn (De Witt, 1959). Even though he did not
know any endocrinology and could not provide the explanation for
the development of decidua, itis amazing that John Hunter actually
anticipated our understanding of decidualization as a hormonally
induced phenomenon (Gellersen and Brosens, 2003).

The transformation of endometrial stromal cells into decidual
cells occurs in humans primarily in response to progesterone. The
effects of progesterone appear early after ovulation (Gellersen et al.,
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Fig. 1. A human embryo in early postimplantation stages of development (Carnegie
specimen 8020). The implanted ovum is not more than 7.5 days of age. It consists of a germ
disc and trophoblast located dorsally to it. (From Hertig et al., 1956, reproduced with the
permission of the Publisher.

2007). Over a period of days the stromal cells undergo epithelioid
transformation, and acquire intercellular junctions and secretory
functions (Wewer et al., 1985; Sharkey and Maclon, 2013; Weimar
et al., 2013). The glandular cells secrete substances that will be
critical for sustaining the implanting embryo. The surface epithelial
cells lining the uterine lumen activate genes regulating the expres-
sion of cell adhesion receptors and ligands. All these cellular and
molecular aspects of decidualization have been discovered only
recently and the research aimed at providing the missing details
about the role of decidua in implantation are still a work in progress
(Sharkey and Maclon, 2013; Weimar et al., 2013).
Decidualization is accompanied by a remarkable vascular

Fig. 2. A human embryo in early postimplantation stages of develop-
ment (Carnegie specimen 8171). The implanted embryo forms a bilaminar
disc with vacuolated ectoderm.|t also shows early amniogenesis and early
exocoelomic membrane delamination from the cytotrophoblast. From Hertig
et al., 1956, reproduced with the permission of the Publisher.



remodeling of uterine spiral arteries, which transform into low-
resistance, high-capacitance vessels enabling the inflow of blood
into the placenta (Cartwright et al., 2010). The blood flow from the
maternal circulation into the placenta has intrigued the pioneers of
placentology for many years as outlined in a historical review by
Pijnenborg and Vercruysse (2008). Even though William Hunter
realized that the placenta is the borderland between two separate
circulatory systems, the maternal and fetal, it took many years until
the exact mechanism of transfer of nutrients metabolites and gases
was elucidated (Pijnenborg, 1998).

In addition to the endometrium derived stromal and glandular
cells, which account for approximately 50% of all cellsin the decidual
membrane, this membrane contains also a significant number of
lymphocytes, macrophages and leukocytes, accounting for 40% of
all cells (Trundley and Moffett, 2004; Manaster and Mandelboim,
2010). In this population of cells there is a predominance of de-
cidual natural killer cells (65-70%), macrophages (15-20%) and T
lymphocytes (around 10%). Like all other major developments in
immunology, reproductive immunology has blossomedin the second
part of the 20th century and the immune aspects of decidualization
and placentation were essentially unknown to the early students of
reproduction. The early reproductive immunologists considered the
decidualized uterus as an immunologically privileged site (Kirby,
1968). Many immunologic aspects of pregnancy remain still unre-
solved, and their role in reproductive disorders is enigmatic (Lash
and Bulmer, 2011). Current knowledge of the immunologic events
occurring atthe fetal-maternal interface has been comprehensively
reviewed by Erlebacher (2013).

Implantation

Implantation of the human embryo into the uterus occurs at the
blastocyst stage of development and comprises several sequential
events (James et al., 2012 a,b). For obvious ethical reasons the
study of human embryonic implantation cannot be experimentally
monitored and most of the current research in this field is performed
on models combining various in vitro approaches (Weimar et al.,
2013). For actual morphologic studies of human implantation we
are compelled to revisit some of the classical studies performed
on pregnant uteri obtained from volunteers by a Boston gyne-
cologist (John Rock) and a pathologist (Arthur T. Hertig). Their 15
year long search for implanting human ova and early embryos in
the pregnant uteri was retold in a narrative reminiscence (Hertig,
1989). The authors have described their technique in yet another
article which contains some original pictures of the dissection of
the uteri and the instruments used for retrieval of the embryos
(Hertig et al.,1956).

The story told by Hertig (1989) begins with his first encounter
with Dr. Rock, whom he met as his professor of gynecology. Dr.
Hertig graduated from Harvard Medical School and then joined as
a fellow the Carnegie Institution of Washington’s Department of
Embryology (Baltimore, MD). There he joined master embryolo-
gists Geoge Linus Streeter, MD and Chester H. Heuser, PhD who
taught him various techniques for studying embryos both human
and nonhuman primate. After this apprenticeship and a pathology
residency Dr. Hertig joined the staff of the Free Hospital for Women,
Brookline, MA and began working with Dr. Rock.

Potential ovum donors, selected from women who were sched-
uled to have hysterectomies for medical reasons were selected by
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Fig. 3. Arthur T. Hertig (1904-1990), first class pathologist/embryolo-
gist, and scientist par excellence.

the staff and were referred to Dr. Rock. In order to be included in
the study they had to meet following criteria: they had to be mar-
ried and living with their husband, had to be intelligent, and had
to have had at least three children. They also had to be willing to
keep a record of their menstrual cycles and engaged in coitus with
their husbands without contraception. These timed pregnancies
were then interrupted by the previously planned and consented
hysterectomy. The uterus tubes and ovaries removed surgically
by Dr. Rock were handed over to Dr. Hertig, who dissected the
specimen looking for an implantation site in the uterus containing
the implanted ova. Over the 15 years Dr Hertig dissected 210
specimens and found 21 normal ova/embryos and 13 abnormal
ones (Hertig, 1989). The data on all these 34 ova/embryos were
reported in the Carnegie monographs entitled Contributions to
Embryology and the summary data with selected photographs were
then published in the American Journal of Anatomy (Hertig et al.,
1956). Some of these historical and definitely unique pictures are
reproduced in this article (Figs. 1-2).

I met Dr. A.T.Hertig in a few months before his death in 1990.
That year, Fred Kraus and | had organized a long course on Pa-
thology of Reproductive Failure for the United States-Canadian
Academy of Pathology (Kraus et al., 1991). The course was held
in Boston and thus we decided to invite Dr. Hertig to address the
pathologists attending the course. He accepted our invitation, even
though he was 86 years old, and | still remember how he regaled
us all with his stories during the gala dinner. He also gave us his
photographic portrait (Fig. 3). A few months later he died. The
obituary cited his work on early-fertilized human ova, his 37 years
of service as pathologist, and his contributions to research effort
of the Primate Research Center where he worked after retirement
from Harvard. | never met Dr. Rock, one of the pioneers of human
reproductive medicine. Following his study with Dr. Hertig, Dr. Rock
discontinued working on embryos, but then joined Dr. Gregory
Pincus to develop oral contraceptives. Their work ultimately led to
widespread use of the “pill” for hormonal contraception. Itis one of
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the prime examples of how the work on basic aspects of biology
can result in major advances of human medicine.

Aknowledgement
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