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Summary
Intrahepatic cholestasis of pregnancy (ICP) is a disorder of liver
in the third trimester but

sometimes also as soon as the end of the second trimester of

function, commonly occurring
pregnancy. Symptoms of this disorder include pruritus, plus
abnormal values of bile acids and hepatic transaminases. After
birth, symptoms disappear and liver function returns to normal.
Though ICP is
symptomatically mild from the point-of-view of the mother, it

relatively non-complicated and often
presents a serious risk to the fetus, making this disease the
subject of great interest. The etiology and pathogenesis of ICP is
multifactorial and as yet not fully elucidated. Hormonal factors
likely play a significant role, along with genetic as well as
exogenous factors. Here we summarize the knowledge of
changes in steroid hormones and their role in the development of
intrahepatic cholestasis of pregnancy. In addition, we consider
the role of exogenous factors as possible triggers of steroid
hormone changes, the relationship between metabolic steroids
and bile acids, as well as the combination of these factors in the
development of ICP in predisposed pregnant women.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) is
arelatively uncommon complication during pregnancy.
ICP was first described by Ahlfeld (1883) who described
itching and jaundice in the last trimester of pregnancy
that subsequently disappeared after birth. The prevalence
depends on geographic location, with the highest per
capita reported by pregnant women in Chile and Bolivia
(up to 14 %); a high prevalence has also been reported
from southern Asia and other South American countries.
In Europe, less than 1 % of pregnant women are affected
(Pusl and Beuers 2007), and the prevalence in the Czech
Republic is about 0.86 % (Binder et al. 2007). ICP is
caused by aliver function disorder, occurring during
pregnancy usually during the third trimester but
sometimes also as soon as the end of the second trimester.
The disease is characterized by the presence of pruritus
plus abnormal values of bile acids and hepatic
transaminases, and has undesirable effects on the fetus.
Icterus is not always present. After birth the disease
symptoms disappear and liver function returns to normal.

Though ICP is arelatively non-complicated and often
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symptomatically mild disease from the point-of-view of
the mother, it presents a serious risk to the fetus (Pusl and
Beuers 2007).

It is this serious risk of damage to the fetus that
makes ICP the subject of great interest. ICP increases the
risk of premature birth, the excretion of meconium to the
amniotic fluid, respiratory distress syndrome and sudden
fetal death. Precise pathophysiologic mechanisms leading
to fetal complications still remain the subject of study,
but it is believed, that bile acids play a key role. These
serious complications do not, however, correlate with the
clinical and laboratory findings of the mother, and so it is
very difficult to predict when the fetus is at risk (Simjak
et al. 2015). Changes in steroid hormones may also affect
the development of this disorder. Higher levels of cortisol
and dehydroepiandrosterone sulfate have been reported in
fetuses of mothers with ICP (Wang et al 2011).
Increased levels of serum bile acids lower the expression
of 11B-hydroxysteroid dehydrogenase type 2, which
protects the fetus from exposure to high cortisol levels in
the mother (Martineau et al. 2014).

The etiology and pathogenesis of ICP is
multifactorial, and as yet not fully elucidated. Hormonal
factors most likely play a significant role (Glantz et al.
2008, Reyes 2008), along with genetic as well as
exogenous factors (Glantz et al. 2004). Genetic studies
have shown a genetic predisposition to this disorder, and
recent research has focused on searching for mutations in
genes coding for transport proteins of bile excretion.

Patients with ICP have been described as having
higher gastrointestinal permeability (“leaky gut”), which
could lead to the increased absorption of bacterial
endotoxins (Reyes et al. 2006). Other studies have
described the influence of dietary factors (such as dietary
selenium deficiencies) (Reyes et al. 2000), seasonal
factors (with higher incidence in winter months), and the
dependence of prevalence on geographic location
(Lammert et al. 2000).

Some of the fundamental characteristics of this
disorder indicate that placental hormones have a significant
effect on the appearance of ICP. The disorder is most
common during the third trimester, when levels of
pregnancy hormones produced by the placenta are highest.
This is supported by the fact that the incidence is higher in
multiple pregnancies, which is associated with higher
levels of pregnancy hormones compared to singleton
pregnancies (Glantz et al. 2008, Lammert et al. 2000,
Reyes et al. 2000, Reyes 2008). ICP disappears after birth,
when hormone levels return to normal.

Steroids and ICP

The association of ICP with the third trimester has
led many researchers to study changes in steroidogenesis in
women with ICP, with findings of lower levels of estrogen
and dehydroepiandrosterone sulfate (Leslie et al. 2000).
Most studies concur that there are also higher metabolites
of progesterone found in patients with ICP, with the main
changes occurring in their sulfates (Meng et al. 1997c,
Reyes and Sjovall 2000). The question remains, however,
if this is a result of a disorder in liver function or whether
these metabolites play a role in the development of ICP.
The higher levels of progesterone metabolites may be just
areflection of damaged liver cell function, and it is
difficult to decipher which of them may be responsible for
this damage.

After treatment with ursodeoxycholic acid
(UDCA) and improvement in liver parameters, the steroid
spectrum also improves (Meng et al. 1997a,b, Glantz et
al. 2008). These studies also demonstrate that UDCA
improves the excretion of progesterone metabolites,
which gives support to the theory that increased steroids
are a result of liver cell damage. However, in a study on
alarge group of healthy women with asymptomatic
hypercholanemia, Pascual et al. (2002) found decreased
progesterone levels and higher levels of its metabolites,
which could support the hypothesis of the primary role of
steroids in the development of ICP. Some authors believe
that patients with ICP have a selective defect in the
excretion of steroid metabolites to the bile that only
affects sulfate secretion. At the same time, there is
speculation about the role of 3a-steroid dehydrogenases
in the development of ICP (Reyes and Sjévall 2000).

The role of estrogen in the onset of ICP is
connected to its role in the development of estrogen-
induced cholestasis, which also occurs in patients with
ICP in their history if they are given estrogen. This
indicates the possible similar basis of these disorders,
though it is necessary to emphasize the significant
differences and not necessarily apply knowledge of one
disorder to the other. When giving synthetic estrogen, the
chemical molecular structure can also play a specific role
that might not be relevant for natural steroids. Another
aspect is the transfer of knowledge gained from animal
models, since there are large inter-species differences in
steroidogenesis. In mouse models, norethistreone and
other C17 o-substituted steroids (methyltestosterone,
oxymetholone, and

northandrolone) can  cause

intrahepatic  cholestasis, but neither testosterone
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propionate, progesterone nor 17f-estradiol have this
effect. In contrast to mouse models, in rats not even high
doses of norethisterone have a cholestatic effect (Imai
and Hayashi 1970).

The farnesoid X receptor

The farnesoid X receptor (FXR) is associated
with the homeostasis of bile acids and protects the liver
from cholestasis. Bile acids are ligands of this receptor.
Chenodeoxycholic acid has been shown to be the
strongest ligand in vitro. FXR is also activated by
lithocholic acid and deoxycholic acid. Activated FXR
directly induces the expression of nuclear receptors that
inhibit the biosynthesis of bile acids (inhibit the sodium
taurocholate cotransporter peptide) that is responsible for
the transport of bile acids from the lumen to hepatocytes,
and at the same time induces the expression of the bile
salt export pump (the main transporter of bile from the
liver) (Rizzo et al. 2005).

Levels of epiallopregnanolone sulfate are higher
during ICP. This progesterone metabolite is a partial
agonist of FXR, and this is likely one of the possible
mechanisms connecting progesterone metabolites to the
development of ICP (Abu-Hayyeh et al. 2013). The
farnesoid X receptor is also influenced by the estrogen
receptor o (ER-0), which is able to inhibit FXR, that
leads to the expression of pro-cholestatic genes (Milona
et al. 2010).

Bile salt export pump

The bile salt export pump (Bsep) is responsible
for the secretion of bile acids, and is a rate-limiting
step in enterohepatic circulation. A 1331T>C Bsep
polymorphism has been shown to increase sensitivity to
the development of ICP (Meier et al. 2008).

In animal models, it has been demonstrated that
some estrogen and progesterone metabolites are able to
inhibit Bsep (Vallejo et al. 1996), though progesterone
itself does not (Byrne et al. 2002). Animal models have
also shown that the dynamic transcription of Bsep is
inversely correlated with serum levels of 17f-estradiol
before, during, and after gestation. Transrepression of
Bsep by 17p-estradiol occurs through the interaction
between FXR and ER-a (Song ef al. 2014). In subsequent
studies these authors demonstrated that 17(-estradiol
decreases the expression of Bsep through the lowering of
the  peroxisome  proliferator-activated  receptor-y
coactivator-1, with a simultaneous decrease in nuclear
receptors of co-repressors of Bsep promotors. They also

identified the
transrepression of Bsep through interaction with FXR

domain of ER-o responsible for
(Chen et al. 2015). Mapping these interactions between
steroids and the metabolism of bile acids helps us better
understand the pathophysiology of ICP.

Sodium taurocholate cotransporter peptide

Allopregnanolone sulfate and  epiallo-
pregnanolone sulfate have been shown to inhibit the
uptake of taurocholate in hepatocytes, and this inhibition
is dose dependent. During pregnancy these hormones
reach levels that are necessary for this inhibition (Abu-
Hayyeh et al. 2010). This is another mechanism that
helps explain the role of progesterone metabolites in the

development of ICP.

Other nuclear receptors

FXR is the main regulator of the homeostasis of
bile acids, and together with other nuclear receptors such
as the constitutive androstane receptor (CAR) and
pregnane X receptor (PXR) that act as sensors of toxic
products, play a role in the metabolism of bile acids
(Kakizaki et al. 2011). Polymorphisms of PXR are
associated with ICP (Castafio et al. 2010). The PXR
agonist rifampicin has been successfully used to treat
serious ICP in combination with ursodeoxycholic acid,
when therapy with this drug alone was non-effective
(Geenes et al. 2015).

Selenium

Several exogenous factors are also associated
with the development of ICP. One of these is lowered
selenium levels (Kauppila et al. 1986, Ribalta et al. 1995,
Reyes et al. 2000). Low selenium levels in patients with
ICP have been connected to lower activity of
selenoenzyme glutathion peroxidase (Kauppila et al.
1986, Ribalta et al. 1995), which is a major antioxidant.
Decreasing this enzyme could contribute to the onset of
ICP through liver cells being unable to withstand
oxidative damage.

However, the relationship between selenium
levels and steroids is also interesting. Behne ef al. (1976)
demonstrated that high steroid levels during gestation in
rats lowered the levels of selenium. A subsequent study
showed lowered glutathione peroxidase in gravid
1978).

Lowered selenium levels found in women with ICP could

compared to nulliparous rats (Behne et al

be a secondary effect of higher steroid levels compared to



S206 Patizek et al.

Vol. 64

healthy pregnant women.

The effects of the lowered selenium levels that
might be caused by higher steroid levels during
pregnancy are likely to be more highly expressed in
regions with a selenium deficit, where lowered activity of
glutathione peroxidase might be more apparent. This
could help explain the geographic differences in the
prevalence of ICP, as well as seasonal differences that
might be influenced by changes in diets that in turn affect
the amount of selenium ingested as well as its absorption.
This theory is supported by the finding of a recent lower
prevalence of ICP in Chile, with concurrently higher
levels of dietary selenium. At the same time, a lower
incidence of ICP in pregnant women during summertime
is associated with higher dietary selenium levels in
summer (Reyes et al. 2000).

Some studies have shown that the relationship
between selenium and progesterone are likely not one-
way, though other studies have not supported this.
Supplementation of selenium leads to higher levels of
progesterone in gravid Holstein heifers (Kamada et al.
2014), and changes of selenium in the diet of gravid
sheep influences the levels of progesterone (Lekatz et al.
2010). However, these findings were not confirmed in
later larger studies on sheep, which only found
progesterone levels Dbeing
restriction (Vonnahme et al. 2013, Lemley et al. 2014).

influenced by nutrient

Leaky gut

Another exogenous factor implicated in the
development of ICP is increased gastrointestinal
permeability (leaky gut). Reyes ef al. (2006) found that
leaky gut may play a role in the pathogenesis of ICP, with
increased absorption of bacterial endotoxins influencing
the enterohepatic circulation of cholestatic metabolites of
steroids and bile acids.

Levels of progesterone itself are lower in
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patients with ICP, in contrast to its metabolites.

Tremellen et al. (2014) described a negative correlation
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Conclusion

Intrahepatic cholestasis of pregnancy usually
develops during the third trimester, indicating that steroid
hormones may play a role in its onset. Recent studies
17B-estradiol
metabolites are able to influence the metabolism of bile

have shown that and progesterone
acids at various levels. Changes in their levels induced by
a combination of external factors (such as endotoxins and
selenium deficiencies) and genetic predisposition may

help explain the development of ICP.
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