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Trophoblastic Injury: New Etiological and Pathological Concept of Preeclampsia

Naohiro Kanayama

Department of Obstetrics and Gynecology, Hamamatsu University School of Medicine, Hamamatsu, Japan

Aim. To analyze published data related to modern insight in the etiology of preeclampsia.

Methods. We analyzed 38 published articles on the etiology of preeclampsia. The articles were identified by a com-
bined search of PubMed database of the National Library of Medicine, USA, by using the key words “preeclampsia”
and “cause/etiology”. Full-text articles were retrieved from the library of Hamamatsu University School of Medicine
and Japan’s library network.

Results. According to the reports, vasospasm and vascular endothelial injury were two major pathological conditions
of preeclampsia. They could be classified into 4 types of uteroplacental circulation failure: 1) disturbance in the circula-
tion from the aorta to the uterine artery, 2) disturbance in the circulation of the spiral artery, 3) disturbance in the circula-
tion of the intervillous space, and 4) disturbance in the circulation of the uterine vein reflux disorder. Major vessel bed
of the uteroplacental unit consists of trophoblast, not of endothelial cells. Moreover, the trophoblast has many cellular
functions, such as endothelial, immune, neural, and hormonal, resulting in production of various vasoactive sub-
stances. Thus, trophoblastic injury induced by uteroplacental circulation failure could affect and deteriorate the sys-
temic circulation of the mother, resulting in preeclamptic symptoms.

Conclusion. The development of preeclampsia could be envisioned as a series of events from uteroplacental circula-
tion failure to trophoblastic injury to vascular endothelial injury or vasospasm. The concept of “trophaoblastic injury at-
tributable to the uteroplacental circulation failure” can be a signpost for further investigations into the etiology of
preeclampsia and type-specific treatment of preeclampsia.
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Preeclampsia is a disorder of unknown etiology,
which occurs only during pregnancy and is character-
ized by gestational hypertension, fluid retention, and
proteinuria (1). Vasospasm and vascular endothelial
injury are two major pathological features of pre-
eclampsia, which lead to the development of hyper-
tension, proteinuria, and edema (2). Many factors are
involved in vasospasm and vascular endothelial in-
jury: endothelin production is increased (3), nitric ox-
ide production is impaired (4), prostacyclin level is
decreased (5), and cellular fibronectin concentration
is increased (6). As far as the etiology of preeclampsia
is concerned, there are many hypotheses. Placental
hypocirculation and hypoxia (7,8), poor invasion of
extravillous trophoblast (9,10), disorder of angioten-
sin system (11), stimulation of sympathetic nervous
system (12), insulin resistance (13), and thrombo-
philia (14) are suspected to play a role in the origin of
preeclampsia. However, there has been no common
hypothesis which could explain these various patho-
logical and pathophysiological changes accompany-
ing the disorder.
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The mature placenta consists of 15-20 cotyle-
dons, each beginning with the principal villus, which
divides into four villi of the first line. First-line villi di-
vide into the next 10-12 villi of the second line, which
end in so-called terminal villi. Some terminal villi pro-
trude freely in the intervillous space, whereas others
are attached to the decidua, thus giving the stability to
the placenta. Maternal blood flows through the inter-
villous space, and fetal blood flows through the vil-
lous stroma. For placental function to be normal, it is
essential that all structures of maternal and fetal circu-
lation develop normally, ie, uteroplacental or hemo-
chorionic membrane, which consists of trophoblast,
villous stroma, collagen fibers, and capillary endothe-
lium (15). These structures undergo qualitative and
quantitative changes on account of increased nutri-
tional, respiratory, and hormonal needs of the fetus as
the end of the pregnancy approaches.

Uteroplacental membrane thickens, allowing a
close contact between maternal blood in the inter-
villous space and fetal blood in the villi. Every patho-
logical process affecting trophoblast, villous stroma,
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Table 1. Characteristics of 38 articles on preeclampsia evaluated in this review

Topic of the article Type of the study Reference No.
Pathophysiology of preeclampsia: reviews 2,3,45,16
vasospastic mediators (catecholamine, NO, endothelin, review and clinical studies 4,515
serotonin, PGs, angiotensin Il)
endothelial injury (platelets, white blood cells) review, cross-sectional studies, and clinical studies 2,3,6
Uteroplacental circulation: 7,8
uterine artery constriction basic and clinical studies 11,12,13,17,18,19,30
invasion of trophoblast basic and clinical studies 9,10,31
villous proliferation basic and clinical studies 33,34,35,36,37
thrombophilia and pregnancy case reports and clinical studies 14,42,43
uterine vein reflux disorder case reports and clinical studies 26,27,38

collagen fiber, or capillary endothelium in the pla-
centa can result in pathological condition if not de-
tected on time.

Mother’s adaptation to pregnancy is a complex
process resulting in biological changes of the greatest
importance for the appropriate perfusion of the feto-
placental unit. Because of the lack of autonomous
control, feto-placental unit mostly depends on the re-
lease of vasoactive substances, which are either pro-
duced locally in the endothelial cells or transported
by blood circulation. Pregnancy can induce hyperten-
sion in normotensive women or make already exis-
tent hypertension worse (16). Proteinuria can accom-
pany hypertension (1). In neglected patients, this con-
dition can evolve into the most severe form -
eclampsia.

Preeclampsia is accompanied by increased ma-
ternal, fetal, and neonatal mortality (16). It mostly ap-
pears in the first pregnancy, multiple pregnancies,
molar pregnancy, and in pregnant women with pre-
existent vascular disorders (16,17). Although the dis-
order has been known for a long time, the pathophy-
siological processes leading to its development are
still unclear.

The aim of this systematic review was to estab-
lish the common concept of etiology of preeclampsia,
based on the analysis of published scientific medical
articles, with a hypothesis that trophoblastic injury in-
duced by uteroplacental circulation failure could be a
major cause of preeclampsia.

Material and Methods

| analyzed 78 articles on the etiology and pathophysiology
of preeclampsia, published in the international journals between
mid-1960’s and 2002. The articles were identified by combined
search of PubMed database (National Library of Medicine). For
the search, we used “preeclampsia” and “etiology/pathophysi-
ology” as key words. Forty papers published in a language other
than English were excluded from the study, and the remaining 38
papers were included in the analysis (Table 1). The selected arti-
cles in the full-text format were retrieved from the library of
Hamamatsu University School of Medicine and Japan'’s library
network. The articles we analyzed covered pathophysiology of
preeclampsia, animal experiments, preclinical studies, and case
reports. The selected 38 articles were divided into 2 groups: re-
ports on the pathophysiology of preeclampsia and reports on
uteroplacental circulation or other topic. There were 24 papers
on uteroplacental circulation, which were further analyzed.

Results

According to the 38 analyzed articles on pre-
eclampsia (Table 1), vasospasm and vascular endo-
thelial injury were the two major pathological path-
ways for the development of preeclampsia. Other

studies also reported similar findings (2,3,16,17). It
seems that uteroplacental circulation failure is in-
volved in both conditions and that it can develop at 4
sites or levels: uterine artery, spiral artery, intervillous
space, and uterine vein. Furthermore, according to
the reports, the major vessel bed of the uteroplacental
unit consists of the trophoblast rather than endothelial
cells. Thus, trophoblastic injury induced by uteropla-
cental circulation failure could affect and impair the
systemic circulation, resulting in preeclamptic symp-
toms.

Vasospasm

The vasospasm results from an imbalance be-
tween vasoconstrictive and vasodilative substances,
with vasoconstriction predominating in the case of
preeclampsia. Vasoactive substances involved in the
vasospasm in preeclampsia are catecholamine, nitric
oxide, endothelin, serotonin, prostaglandins, and an-
giotensin 1.

Catecholamines. Catecholamines are vasocon-
strictors and activators of sympathetic nervous sys-
tem. Increased concentration of a,-adrenoreceptors
on platelets and higher activity of sympathetic ner-
vous system as measured in the peroneal muscle im-
ply that sympathetic nervous system is more active in
preeclampsia (12). Among other vasoconstrictive sub-
stances, neuropeptide Y is also increased in pre-
eclampsia (18).

Nitric oxide. Synthetic activity of nitric oxide, a
potent vasodilator, and its metabolites is suppressed
in preeclampsia (19). Also, animals administered
NG-nitro-L-arginine methyl ester (LNAME), an inhibi-
tor of nitric oxide synthesis, develop a preeclampsia-
like pathological condition (19). These findings indi-
cate that decrease in nitric oxide could account for
vasospasms, suggesting general impairment of vaso-
dilative system in preeclampsia.

Endothelin-1. This is one of the three potent
vasoconstrictive substances — endothelin-1, endothe-
lin-2, and endothelin-3 — produced in the vascular en-
dothelium. Binding of endothelin-1 to endothelin-re-
ceptors on the vascular smooth muscle cells activates
phospholipase C, which leads to the increase in
intracellular calcium concentration and contraction
of the smooth muscle. The blood concentration of
endothelin-1 is increased in severe preeclampsia and
HELLP (hemolysis, elevated liver enzyme syndrome,
and low platelet) syndrome. Endothelin-1 is likely to
be involved in progression of preeclampsia, but it is
unknown whether the substance is involved in the
early stage of the development of the disorder.
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Serotonin. Platelets contain large amounts of this
substance and release it into the blood circulation
when activated. The concentration of serotonin me-
tabolite 5-hydroxy tryptophan (5-HT) is increased in
preeclampsia and administration of ketanserin, a se-
rotonin type-2 receptor blocker, is reported to be an
effective treatment of preeclampsia (20).

Prostaglandins. In preeclampsia, production of
vasodilative substance prostaglandin 1, in the vascular
endothelial cells is decreased, whereas the produc-
tion of thromboxane A, is increased. This imbalance
changes the vessel tone, resulting in vasospasm. It
provides a theoretical background for low dose aspi-
rin therapy (21).

Angiotensin Il. Angiotensin Il directly acts on the
vascular smooth muscle and stimulates the sympa-
thetic nervous system. In addition, it increases blood
pressure through secretion of aldosterone and en-
largement of sodium reserves. In preeclampsia, de-
pressed response to A-ll receptor is stronger and
causes vasoconstriction. Recently, several studies re-
ported on angiotensin Il and angiotensin Il receptor
gene mutations in women with preeclampsia (22,23).

Vascular Endothelial Injury

Platelet activation, increased blood coagulation,
and activation of white blood cells all cause vascular
endothelial injury.

Platelet activation and increased blood coagula-
tion. Hematologists suggest that preeclampsia could
be viewed as a chronic disseminated intravascular co-
agulation resulting from excessive production of
thrombin due to platelet activation and aggregation.
Thus, blood coagulation on the vascular endothelium
can be responsible for vascular endothelial injury.
Clinical symptoms (hypertension, proteinuria, and
edema) of preeclampsia closely correlate with blood
coagulation (24).

Activation of white blood cells. White blood
cells produce free radicals on stimulation. In pre-
eclampsia, neutrophils are activated and produce free
radicals to increase lipid peroxides. In addition, acti-
vation of white blood cells causes increased release of
elastase or inflammatory cytokines. These factors are
also closely associated with occurrence of vascular
endothelial injury (25).

Vasospasm induces activation of platelets, white
blood cells, and the blood coagulation system, which
results in the release of mediators and vascular endo-
thelial injury. On the other hand, vascular endothelial
injury induces production of vasoconstrictive sub-
stances, thus helping further vasospasm. Thus, vaso-
spasm and vascular endothelial injury enhance each
other’s effects.

New Etiology of Preeclampsia — Trophoblast
Injury Induced by Uteroplacental Circulation
Failure

Whereas the systemic vasospasm and vascular
endothelial injury are primary pathological condi-
tions of preeclampsia, the uteroplacental circulation
attracts attention as a possible cause of preeclampsia.
It has been observed that the trophoblast invades
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decidua and uterine muscle. If the invasion is deep,
endothelial cells of the spiral arteries convert to
trophoblast, which results in dilatation of spiral arter-
ies. If the invasion is shallow, endothelial cells of the
spiral arteries cannot convert to the trophoblast and
the circulation in intervillous space is decreased
(9,10). Thrombi that are formed in the intervillous
space and spiral arteries in the placenta of patients
with preeclampsia cause uteroplacental circulation
failure. Since preeclampsia disappears soon after the
delivery of the placenta, uteroplacental circulation
failure must be taken into account as an important eti-
ological factor. The blood in uteroplacental circula-
tion comes from the aorta through the uterine artery
and spiral arteries to the intervillous space, and then
leaves the intervillous space through the uterine vein
to the renal vein and finally the inferior vena cava
(Fig. 1).

Figure 1. Normal uteroplacental circulation.

There are some well-known risk factors for pre-
eclampsia as well as clinical cases in which preeclam-
psia frequently occurs. We investigated the clinical
cases where preeclampsia was liable to occur and an-
alyzed the uteroplacental circulation (18,27,28). Our
hypothesis was that preeclampsia is a pathological re-
sult of uteroplacental circulation failure.

Disturbance in Aorta-to-Uterine Artery
Circulation

When the circulation from the aorta to the uter-
ine artery is disturbed, a vasoconstricting condition
develops, resulting in decreased blood supply to the
intervillous space (Fig. 2). This disturbance is caused
by insulin resistance, abnormal sensitivity to angio-
tensin, activation of the sympathetic nervous system,
and chronic hypertension (arteriosclerosis).

Insulin resistance. Preeclampsia is quite often ac-
companied by insulin resistance (13). Insulin resis-
tance is a state of lower insulin intake and, in most
cases, a synonym for hyperinsulinemia. The chronic
hyperinsulinemia causes thickening of smooth mus-
cle and arteriosclerosis, which leads to the narrowing
of the arteries and hypertension. Excessive or irregu-
lar ingestion of carbohydrates induces a condition of
sustained hyperinsulinemia, resulting in insulin resis-
tance.
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Figure 2. Disturbance in uteroplacental circulation between
the aorta and the uterine artery.

Abnormal sensitivity to angiotensin. In preec-
lampsia, impaired response to angiotensin is more
pronounced and elasticity of vessels is decreased. In
addition, preeclampsia is more frequent in cases of
abnormal genetic coding for the angiotensin recep-
tors (22,23).

Excessive activation of sympathetic nerve system
(hyperthyroidism and stress). When pregnant animals
are stimulated by various types of stress, symptoms
similar to preeclampsia occur (28). Stress can be a
trigger for the sympathetic nervous system to cause
vasoconstriction. Chronic stress decreases the utero-
placental circulation. In addition, preeclampsia is of-
ten a complication of hyperthyroidism. Thyroid hor-
mones may stimulate the activity of the sympathetic
nervous system and disturb the uteroplacental circu-
[ation. It is known that pregnant women with the posi-
tive roll-over test develop preeclampsia more often
(29). Some cases of preeclampsia may be caused by
the stimulation of the nervous system or large vessels
by enlarged pregnant uterus.

Chronic hypertension (arteriosclerosis). Arterio-
sclerosis, such as in essential hypertension, decreases
the blood flow through the uterine artery, resulting in
the uteroplacental circulation failure. Many cases of
mixed preeclampsia fall under the category of utero-
placental circulation failure. As mentioned above, the
arterial circulation failure can be a causative factor for
preeclampsia. Actually, a surgical stricture of the uter-
ine artery or aorta in pregnant animals induces symp-
toms of preeclampsia (30). In addition, chronic stimu-
lation of the abdominal sympathetic ganglia or chro-
nic cold stimulation of the rats also induces chronic
hypersympathetic nervous condition, resulting in a
pathological preeclampsia-like condition (28). This is
probably the result of the stimulation of sympathetic
nervous system, which constricts the uterine artery
and eventually leads to the uteroplacental circulation
failure. Such development of the uteroplacental circu-
lation failure followed by preeclampsia, attributable
to the reduction in the arterial blood flow to the uter-
ine artery, has been confirmed in animal models (30).

Abnormal Spiral Artery

In normal pregnancy, the trophoblast invades
deep into uterine tissue, migrating into the smooth
muscle and vascular endothelia of the spiral artery.
The smooth muscle disappears, which leads to the di-
latation of the spiral artery. Consequently, the amount
of blood that supplies the intervillous space increases.
Recent studies have demonstrated that preeclampsia
frequently occurs in cases where trophoblast insuffi-
ciently infiltrates uterine tissue and walls of spiral ar-
teries (9,10,31). When the trophoblast infiltration is
shallow, the spiral arteries do not dilate and the blood
flow through the intervillous space remains small,
causing uteroplacental circulation failure (Fig. 3). The
reason why the invasion of the trophoblast is sup-
pressed is not yet clear, although this shallow tro-
phoblastic invasion is considered one of the etiologi-
cal factors in many cases of preeclampsia. In addition,
preeclampsia is characterized by fetal development
deficiency.

Figure 3. Disturbance in uteroplacental circulation in the
spiral artery.

Villous Proliferation and Hyperplasia

Excessive villous proliferation and hyperplasia
narrow the intervillous space, reducing the blood
flow in the intervillous space and leading to utero-
placental circulation failure (Fig. 4).

Hydatidiform mole. When hydatidiform mole re-
mains until the second trimester, a preeclampsia-like
symptoms often occur. A possible pathological condi-
tion in which villous proliferation narrows the inter-
villous space, leading to clot formation, reduction in
uteroplacental circulation, and uteroplacental circu-
lation failure, could explain the development of
preeclampsia (32).

Pregnancy complicated by diabetes. It is widely
known that diabetes is often associated with occur-
rence of preeclampsia and that pregnant women with
diabetes often have a giant placenta (33). The tropho-
blast actively grows in the giant placenta, probably
narrowing the intervillous space and leading to
uteroplacental circulation failure. This resembles the
mechanism for hydatidiform mole causing preeclam-
psia. The exact mechanism of giant placenta in dia-
betic pregnancy is unknown. However, it is suggested
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Figure 4. Disturbance in uteroplacental circulation in the
intervillous space due to villous proliferation and hyperpla-
sia.

that hyperinsulinemia or high levels of insulin-like
growth factor in diabetes could be one of the mecha-
nisms involved.

Ballantyne syndrome (mirrors syndrome). This is
a syndrome leading to placental hypertrophy, fetal
hydrops or preeclampsia, and so-called triple edema
syndrome or mirrors syndrome, because of the fetal
hydrops, placental hydrops (hyperplasia) or maternal
hydrops (34). In the recent case of Ballantyne syn-
drome, the release of higher concentrations of human
chorionic gonadotropin (hCG) from the trophoblast
has been found, indicating that Ballantyne syndrome
is a state of excessive proliferation of the trophoblast
(35). It is suggested that preeclampsia associated with
Ballantyne syndrome decreases blood circulation in
the intervillous space because of excessive prolifera-
tion of trophoblast, leading to the development of
uteroplacental circulation failure. We have recently
found that the villous cells grow excessively in mice
whose cyclin-dependent kinase inhibitor p57kip2
protein has been deactivated (36). These mice have a
preeclampsia-like pathological condition and could
be viewed as models of Ballantyne syndrome or
preeclampsia observed in hydatidiform mole (37).

Thrombogenesis in Intervillous Spaces
(Thrombophilia)

Thrombophilia refers to a congenital or acquired
condition of hyperproduction of thrombin, which
leads to thromb formation. Thrombophilia is fre-
quently associated with preeclampsia (14). Congeni-
tal thrombophilia includes abnormality in the blood
coagulation factor V, angiotensin-Ill deficiency, pro-
tein S deficiency, and homocystinemia. On the other
hand, acquired thrombophilia is represented by anti-
phospholipid antibody syndrome. The trophoblast
contains increased amount of negatively charged
phospholipids in the phospholipid components of cel-
[ular membranes, which are liable to cause blood
coagulation, as compared to the vascular endothe-
lium. Slow blood flow in the intervillous space also
assists thrombogenesis. Thus, patients with thrombo-
philia appear to have blood clots in the trophoblast,
which lead to uteroplacental circulation failure (Fig. 5).
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Figure 5. Disturbance in uteroplacental circulation in the
intervillous space due to thrombophilia.

Uterine Vein Reflux Disorder

If a pathological condition compromises blood
flow from the intervillous space back into the mater-
nal systemic circulation and blocks the outlet of the
uteroplacental circulation, blood is retained in the
uterine vein and the uteroplacental circulation failure
occurs (Fig. 6). Most probably, blood will be retained
in the vein from the left ovary to the left kidney, lo-
cated between the uterine vein and inferior vena
cava. The left renal vein crosses over the aorta and
can easily be compressed by the pregnant uterus. In
the anatomically abnormal cases where the left renal
vein passes under the aorta, every pregnancy causes
preeclampsia (38). It is also known that congestion
can develop in the left renal kidney vein if there is a
shunt between the portal vein and the left renal vein,
which leads to preeclampsia (26). In our hands, a
magnetic resonance angiogram of the repeated type
of early-onset preeclampsia and a venogram of the left
renal vein revealed dilation of the left renal and ovar-
ian veins (Fig. 7). The left renal venogram indicated
that blood was congested in the left renal vein, not
reaching the inferior vena cava but flowing into the
hemiazygos vein. In this clinical case with abnormal
blood reflux in the left ovarian vein, the utero-

Figure 6. Disturbance in uteroplacental circulation due to
the uterine vein reflux disorder.
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Figure 7. Magnetic resonance angiogram (MRA) of repeated
early-onset preeclampsia and a venogram of the left renal
vein (LRN). Abnormal blood reflux in the left ovarian vein
(LOV) and the uteroplacental circulation are visible. A. The
MRA image shows dilation of the left renal and ovarian
veins. ROV - right ovary vein. B. The left renal venogram
indicated that blood was congested in the left renal vein,
not reaching the inferior vena cava (IVC) but flowing into
the left hemiazygos vein.

placental circulation was presumed also to be bloc-
ked. In preeclampsia attributable to the uterine vein
abnormality, proteinuria-dominated preeclampsia is
featured with prominent dilatation of the left renal
vein (27). Moreover, it is easy to find the maternal left
renal vein by putting the ultrasound probe on the uter-
ine fundus in the second or third trimester. From these
viewpoints, the follow-up of the maternal left renal
vein at routine examinations for pregnant women is
important for early detection of preeclampsia.

Discussion

Although a number of etiologic factors have
been proposed, our new hypothesis of etiology of
preeclampsia — uteroplacental circulation failure — is
close to the previous theory of placental ischemia
(7,8). Any disorder or disturbance of blood flow in the
uteroplacental circulation from the uterine artery to
the uterine vein will result in uteroplacental circula-
tion failure. Preeclampsia can be explained by the
uteroplacental circulation failure in most cases, but
not in all. It is known that, in some cases, HELLP syn-
drome and eclampsia occur in puerperal period.
These events are difficult to explain by the uteropla-
cental circulation failure, however, many cases of
preeclampsia (hypertension plus proteinuria) could
be explained by the trophoblast injury due to the
uteroplacental circulation failure.

We could say that the research in the etiology of
preeclampsia resembles a blind man touching the ele-
phant. We believe that we have established the com-
mon etiological concepts for preeclampsia: “tropho-
blastic injury”. Trophoblastic injury mediates be-
tween the uteroplacental circulation failure and leads
to preeclampsia accompanied by hypertension or
proteinuria (Fig. 8). “Trophoblastic injury” is consid-
ered to induce the systemic vascular endothelial im-
pairment and vasospasm. The most important fact is
that the trophoblast occupies the major part of the
vascular bed for uteroplacental circulation. In utero-
placental circulation, blood is in direct contact not
with the vascular endothelial cells but with the
trophoblast in the vessels originating from the spiral
artery to the part of the uterine vein. In the spiral artery
and uterine vein, extravillous trophoblast is in contact
with maternal blood (Fig. 1). Thus, extravillous and
intravillous trophoblast has a role of the endothelium
(Fig. 1). Therefore, uteroplacental circulation failure
eventually causes “trophoblastic injury” rather than
vascular endothelial injury.

‘ circulation failure of aorta and uterine artery‘

‘abnormal spiral artery‘

‘ villous proliferation thrombophilia ‘

‘ uterine vein reflux disorder ‘

v
‘ uteroplacental circulation failure‘

A\ 4
‘ trophoblast injury

A4
‘ vascular endothelial injury/vasospasm

4
‘ preeclampsia

Figure 8. Suggested pathophysiological pathway, etiology,
and pathology of preeclampsia.

Which substances are produced during the tro-
phoblastic injury? Gratton et al (39) have recently re-
ported that the supernatant from the trophoblast cul-
tures under a hypoxic condition causes spasms of the
arterioles, suggesting that the trophoblast produces
vasoconstrictive substances in large quantities.

Trophoblast Characteristics

Neural functions. The trophoblast produces vari-
ous neuropeptides, including neurokinin and cortico-
tropin releasing hormone (40). The trophoblast also
expresses the receptors of nerve-stimulating sub-
stances, including neuropeptide Y receptors. In addi-
tion, norepinephrine is produced from the villous
cells (41). In case of the uteroplacental circulation fail-

153



Kanayama: Trophoblastic Injury in Preeclampsia

Croat Med ] 2003;44:148-156

ure, the trophoblast produces more of these neuro-
genic vasoactive substances, which enter the mater-
nal systemic vascular system.

Vascular endothelial functions. The trophoblast
clearly has the vascular endothelial functions. Nitric
oxide and endothelin production systems are present,
while the reduction in nitric oxide production and in-
crease in endothelin production are observed under
the uteroplacental circulation failure, as in the case of
ordinary vascular endothelial disorder. Nitric oxide
binds to soluble guanylate cyclase in the cytoplasm of
the vascular smooth muscle to produce cyclic guano-
sine monophosphate (cGMP) and reduce the intracel-
[ular calcium concentration to relax the smooth mus-
cle. Nitric oxide is produced also in the trophoblast.
The concentration of the nitric oxide metabolites in
patient’s blood with preeclampsia is reduced, sug-
gesting that nitric oxide production mechanism in the
trophoblasts may be disturbed not only in preeclam-
psia but also in vascular endothelial disorder. In addi-
tion, thrombin receptors and thrombomodulin are
present in the vascular endothelium, where blood
clots are formed in the trophoblast injury. Production
of vasodilatatory factor prostacyclin in the trophoblast
decreases.

Cells with many negatively charged phospholi-
pids on the surface. Negatively charged phospholipi-
ds, such as phosphatidylserine or ethanolamine, are
alternatively expressed on the trophoblast cellular
surface (42). Such negatively charged phospholipids
are also exposed on the epithelial cells of the small in-
testine, indicating a characteristic of cells involved in
the active transport. Usually, these negatively charged
phospholipids exposed on the cellular surface acti-
vate blood coagulating factors V and X to produce fi-
brin. However, the villous cells carry anti-coagulant
proteins, such as annexin V, on their surface to pre-
vent blood coagulation (43). When these proteins are
reduced for any reason, blood coagulation immedi-
ately starts on the cellular membrane. This means that
cells constituting the trophoblast are very prone to
causing blood coagulation. In addition, plasminogen
activator inhibitor | (PAI-1) production is known to be
promoted under hypoxic conditions. A reduction in
fibrinolytic activity is associated with the promotion
of thrombogenesis.

Endocrine cells. The trophoblast produces vari-
ous hormones: steroid hormones, such as estrogen,
progesterone, and cortisol and protein hormones,
such as human chorionic gonadotropin (hCG) and
human placental lactogen (HPL). Recently, leptin was
also found to be produced in the trophoblast (44).
Leptin is not only involved in lipid metabolism, but
also stimulates production of neuropeptide Y to acti-
vate the sympathetic nervous system. In patients with
preeclampsia, it is known that leptin production in
the trophoblast is increased. Adrenomedullin is also
produced by trophoblast. Reduced production of
adrenomedullin is reported in patients with circula-
tion failure (45). Reduction in adrenomedullin may
be associated with disorders in the vascular dilatation
system. In uteroplacental circulation failure, vasoacti-
ve hormones from the trophoblast are suggested to be
produced in larger amounts.
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Immunocytes. Production of inflammatory cyto-
kines, such as interleukin-1 (IL-1) and tissue necrotic
factor (TNF), in the trophoblast increases under hypo-
xic conditions, probably causing vascular endothelial
injury. In fact, the concentration of cytokines in amni-
otic fluid is increased in patients who later develop
preeclampsia. This suggests that the trophoblast form-
ing the vascular bed produces and releases the inflam-
matory cytokines under the uteroplacental circulation
failure.

All together, the trophoblast has many functions
and may suddenly, upon exposure to an ischemic or
hypoxic condition, start to produce and liberate vari-
ous substances, from endothelial and nerve-derived
substances to hormones and blood coagulation acti-
vators. A number of vasoactive substances may be re-
leased in large amounts as the result of the tropho-
blast disorder, as opposed to the general vascular en-
dothelium. Consequently, the vascular endothelium-
damaging substances and vasoactive substances are
suggested to systemically circulate, causing hyperten-
sion or proteinuria. Hereby follows a diagram pre-
senting a series of events (from uteroplacental circula-
tion failure to trophoblastic injury to vascular endo-
thelial injury/vasospasm), which could be involved in
the development process of preeclampsia.

Suggested Treatment

Preeclampsia should be individually treated. For
preeclampsia attributable to the vasoconstriction of
the uterine artery, vasodilators should be adminis-
tered. For preeclampsia attributable to the abnormal
spiral arteries, no effective treatment modalities have
been available so far. For the treatment of thrombo-
philia, excessive villous proliferation or abnormal ve-
nous reflux, anticoagulants may be desirable. In terms
of our theory, the individual therapy for preeclampsia
could be possible. Although preeclampsia has long
been a disease of unknown cause, etiology of factors
involved in the development of the typical preeclam-
psia clinically accompanied by hypertension, protei-
nuria, and fetal growth restriction could be narrowed
down to the placenta. Many studies on the etiology of
preeclampsia were focused on a single feature of the
disorder, thus missing the whole picture. We hope
that the concept of “trophoblastic injury attributable
to the uteroplacental circulation failure” could serve
as a signpost for further research in the etiology of
preeclampsia.
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