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(ABSTRACT)

Preeclampsia is an important disease during pregnancy and causes significant
maternal and fetal mortality and morbidity. Despite intense research efforts, the etiology
and pathogenesis of the disease remain largely unknown.

Since placentas from preeclamptic patients are smaller than normal, and cytokine
growth factors are suggested to be important in placental growth, the effects of
macrophage-colony stimulating factor (M-CSF) on human trophoblast cells were
examined. While term trophoblast cells did not respond to M-CSF, those from early
trimester and choriocarcinoma cells showed enhanced growth after treatment. In addition,
the serum level of M-CSF in hypertensive pregnant women at the second trimester were
significantly lower than those of normal pregnant women. These data suggest possible
roles of M-CSF in preeclampsia.

When M-CSF was administered to pregnant rats on days 8-11, rats had smaller
placentas at day 12 and increased fetal resorption rate at day 20. The effects of
interleukin-12 (IL-12) was also examined on days 8-11. While placental development
was normal at both days 12 and 20, fetuses were significantly smaller at day 20.

To remedy the difficulties and dangers associated with obtaining human placentas,

| characterized endovascular trophoblast cell behavior in pregnant rats. In normal



pregnancy, rat trophoblast cells simulated all features of human endovascular trophoblast
behavior including selective invasion into the spiral arteries, retrograde migration,
embedding, and secretion of PAS-positive materials as well as "physiological changes."
In pregnancy terminated with a certain type of spontaneous fetal resorption, defective
endovascular trophoblast cell behavior was observed, which was similar to that reported
in preeclamptic pregnancy.

Finally, the roles of cytoskeleton on trophoblast cell locomotion were investigated
in vivo with a cytoskeleton-disrupting agent, cytochalasin B. This treatment impaired
trophoblast cell invasion at day 12 and induced smaller fetuses at day 20, suggesting the
importance of cytoskeleton in trophoblast movement.

In conclusion, the results suggest the importance of the use of appropriate
specimens and endpoints in the study of pregnancy, and rats may serve as a suitable
animal model for the study of endovascular trophoblast cell behavior with clinical

relevance to preeclampsia.
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HYPOTHESES

Overall hypotheses:

The hypotheses to be tested in this research were: (1) that trophoblast cells obtained
from placentas of normal and abnormal pregnant women respond to growth factors
differently and, (2) that pregnant rats can be used to better understand trophoblast cell

behavior and physiological changes of the spiral arteries.

Specific hypotheses:

(1) The in vitro responses of trophoblast cells isolated from preeclamptic patients to
cytokine growth factors are different from those from normal patients.

(2) The secretion of M-CSF from in vitro trophoblast cells obtained from preeclamptic
patients is different from that of normal pregnant women.

(3) The expression of M-CSF receptors on term trophoblast cells in vitro is less than that
seen on JEG-3 choriocarcinoma cells.

(4) Serum levels of M-CSF are different between normotensive and preeclamptic
pregnant women.

(5) The distribution of M-CSF in placental beds is different between normotensive and
preeclamptic pregnant women.

(6) IL-12 distributes in human placental beds.

(7) The behavior of rat endovascular trophoblast cells is similar to that of humans.

(8) Rat endovascular trophoblast cell invasion in situ is impaired by cytochalasin B
treatment.

(9) M-CSF and IL-12 treatment affect pregnancy outcomes and endovascular trophoblast

cell behavior in rats.

Hypotheses S 2



LITERATURE REVIEW

1. Hypertension in pregnancy

1-1. General

Preeclampsia or hypertension in pregnancy is a disease unique to humans and
one of the leading causes of maternal and perinatal mortality and morbidity during
pregnancy.! Approximately 350,000 cases of preeclampsia occur annually in the United
States.2 Since there is still no rational treatment protocol, the only therapeutic modality
available is bed rest and prompt delivery. The latter is responsible for significant neonatal
mortality and morbidity due to preterm delivery.3 The maternal disease generally resolves

rapidly without any treatment in a few days after delivery.

1-2. Clinical signs and diagnosis

Classically, preeclampsia is characterized by sequential development of
hypertension, proteinuria and peripheral edema after the 20th week of gestation, and is
classified based on the severity of proteinuria and hypertension. However, these signs
are considered to be the secondary, and not the primary, pathological conditions. A
patient with the above clinical manifestations may progress to a seizure-like state. She is
then said to have eclampsia, in which both the mother and fetus portend the possibility of
death in the most severe case, though generally this is dependent on the gestational

stage of pregnancy.

1-3. Etiology and Pathogenesis
Recently, alterations of various local and/or systemic mediators such as oxygen
free radicals®, prostaglandins®, nitric oxide’ and tumor necrosis factor o. (TNFa)® have

been demonstrated in sera of preeclamptic pregnant women. These alterations are
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proposed as factors that may link the placental hypoxia to the systemic manifestation of
the disease. In addition, cytotoxic factors have been proposed to exist in preeclamptic
sera and to mediate the endothelial cell damage seen in this syndrome.® However, these
factors are also considered to be the secondary, not the primary, pathological events, or
perhaps the links between the primary and secondary pathology.19 At present, both
etiology and pathogenesis are incompletely characterized and controversial. Accordingly,
despite intensive research efforts, little improvement has been made in early detection,
diagnosis, prevention, and treatment of the disease although, because of improved
obstetric care in general, outcomes of preeclamptic pregnancy have improved in the past

few decades.

1-4. Pathology

In preeclamptic pregnancy, the kidney and placenta show characteristic
morphological abnormalities. In the kidney, microscopic lesions are confined to the
glomeruli where capillary endothelial cells swell and vacuolate. This change is known as
glomerular capillary endotheliosis, the severity of which tends to correlate with the
severity of the disease.?1:12 The cause of this morphological change is unknown.

The placenta is divided into two parts: villi consisting entirely of fetal cells, and
placental beds containing both maternal and fetal cells. The major pathological change in
the villi is an occasional syncytial sprout and an increased number of cytotrophoblast
cells.’3 Since similar alterations are observed when villi were incubated under a hypoxic
state in vitro,14:15 these morphological changes are ascribed to placental hypoxia shown
to occur in preeclamptic pregnancy.16:17 In contrast to relatively mild changes in the villi,
there are many characteristic morphological alterations in the placental beds of
preeclamptic patients. Among them, inappropriately shallow invasion of endovascular

trophoblast cells and failure of spiral artery remodeling are the earliest and the most

Literature review 4



characteristic abnormalities in this disease.819 The characterization of endovascular
trophoblast cell behavior is one of the major topics in this investigation. Another common
vascular pathology is acute atherosis originally discovered by Hertig,2° in which foam
cells are present in the damaged necrotic vessel walls and lipid accumulate in the
intima.21,22 The lesions are similar to atheroma but different in two aspects: acute
atherosis contains more plasma components and undergoes spontaneous necrosis.23 In
pregnant women with preeclampsia superimposed on established hypertension, the
spiral arteries may undergo arteriosclerosis to a degree usually not seen in women of
reproductive age.23

Thus, the most important and characteristic changes and abnormalities in
preeclamptic women are seen in placental beds. Therefore, the study of placental beds,
particularly abnormal behavior of endovascular trophoblast cells reported in all
preeclamptic patients, appears to be critical to better understand this disorder.

In the following sections, the sequential events of placentation in humans will be
described beginning from implantation through term. Detailed descriptions will be provided
on endovascular trophoblast cell behavior and resulting "physiological changes” of the

spiral arteries.
2. Endovascular trophoblast cell invasion and
“physiological changes"
2-1. Definition of the placenta

"An intimate apposition between parental and fetal tissues

for the purpose of physiological exchange."

Literature review 5



This definition is the most widely accepted and elegant definition of "placentas."24
To achieve the goal described, depending on species, there are several types of
placentas based on the degree of apposition; namely epitheliochorial, syndesmochorial,
endotheliochorial and hemochorial. In the epitheliochorial placenta, trophoblast cells do not
invade the maternal uterine epithelium, thus all three maternal layers (epithelium,
connective tissues and endothelium) are intact. Placentas of pigs and horses belong to

this type. In the syndesmochorial placenta, trophoblast cells destroy the uterine

epithelium and make contact with the endometrial stroma but not with endothelial cells.

Ruminants such as sheep have this type of placentas. The endotheliochorial placenta

has further invasion of trophoblast cells into the maternal tissues. As a result, the chorion
makes a direct contact with the maternal capillary endothelium. Carnivores such as cats
have this type of placenta. The hemochorial placenta represents the most close
association between the mother and fetuses since trophoblast cells are directly perfused
by maternal blood without the intervention of other cells. Placentas of primates (including

humans) and rodents are hemochorial (Figure I-1).

Maternal A B C D

Endothelium

Connective, -, e

tissue  » ‘ < \’ ; 1"
= ,r.f WA .
Epithelium —>‘“’Eﬁfﬁﬁm 4’?:* ST
Trophob]am" "‘""% ﬂ:‘l‘i' ey "
Mexoderm M - -
Endothelium

Fetal

Figure I-1. A schematic representation of the tissue layers composing the various types
of placentas. A: Epitheliochorial, B: Syndesmochorial, C: Endotheliochorial, D:
Hemochorial (Grosser classification). (From Rosenfeld (ed). The uterine circulation.
Perinatology Press, Ithaca, NY. p277).
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2-2. Implantation

After fertilization, a conceptus grows rapidly and three layers of cells (endoderm,
mesoderm and ectoderm) are formed. Among them, trophoblast cells are the outermost
layer of the blastocyst, and hence are of epithelial cell origin, and the only cell population
that is directly in contact with the maternal blood throughout pregnancy. Through the
interaction between trophoblast cells and maternal tissues, hemochorial placentas are
formed.

In humans, following implantation, trophoblast (more accurately primitive
syncytiotrophoblast) cells aggressively digest cells beneath the uterine epithelial cell
layer and start to invade maternal tissues. Becauée of this, blastocysts are completely
embedded in the uterine endometrium until around day 10. Then, trophoblast cells
continue to digest the superficial part of the endometrium and create numerous lacunar and
sinusoidal spaces around the blastocyst where maternal blood starts to perfuse (Eigure |-
2). Attachment of the blastocyst to maternal tissues is gradually restricted mainly to
growing ‘primary’ villi or anchoring villi. This outermost part of the trophoblast cell
population serves as the source of extravillous trophoblast cells that invade deep into
maternal tissues in the subsequent periods of pregnancy. Trophoblast cells that stay on
the surface of villi form a thin layer of multinucleate cells called syncytiotrophoblasts. This
trophaoblast cell layer separates maternal and fetal circulation and plays the major role in
transferring O2 and nutrients from the mother to the fetus, and CO2 and waste materials in

the opposite direction. This process is called "physiological exchange" by Mossman.24
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Figure 1-2. At the left, a conceptus has not yet implanted (A). The conceptus just
attached to the maternal uterine epithelium (=implantation) (B) and start to invade the
maternal tissues (C). The outer layer (black) consists of trophoblast cells. Until around
day 10 of pregnancy, the conceptus is completely embedded in the uterine tissues (D).
Thereafter, trophoblast cells gradually migrate into the maternal tissues both
endovascularly and interstitially (E). (Modified from Boyd and Hamilton. The human
placenta. Heifer, Cambridge. 1970)

2-3. Interstitial trophoblast cell invasion

Apart from the syncytiotrophoblast cells described above, there are two types of
trophoblast cells that invade the maternal portion of placentas or so called placental beds.
Since they are exclusively derived from the proliferating tips of anchoring villi and leave
from there, they are called extravillous trophoblast cells. One type, interstitial trophoblast
cells, migrate through the endometrial stroma (the decidua basalis and the inner part of the
myometrium) (Figure I-3 and 4).25 At some point, they form multinucleate giant cells and
are called giant trophoblast cells.26 Recently much has been learned about this process.
In brief, the invasive activity of interstitial trophoblast cells appears to be in part a function
of secretion of proteolytic enzymes such as metalloproteinase27,28 and temporal
expression of integrins on trophoblast cells.29:30 The function of interstitial trophoblast

cells is yet to be elucidated although 'priming’ of a myometrial portion of placental spiral
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