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Summary

Intrahepatic cholestasis of pregnancy poses a great risk to both maternal and fetal health. Despite
extensive research, much of the pathogenesis of this disorder is unknown. The increase in bile
acids observed in patients with intrahepatic cholestasis of pregnancy has been noted to cause a
change in the immune system from the normally mediated TH2 response to one that is more
oriented towards THX. In this literature review, we have critically reviewed the current literature
regarding the changes in the immune system and the potential effects of immunological changes in
the management of the patient. The current treatment, ursodeoxycholic acid, is also discussed
along with potential combination therapies and future directions for research.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) is a disorder that can occur during second and
the third trimester of pregnancy. It is characterized by maternal pruritus, altered liver
function, as can be seen by significantly increased levels of the enzymes aspartate
aminotransferase (AST) and alanine transaminase (ALT), and excess bile acids in the blood
(>10 umol/L) [1, 2]. Due to a decrease in bile flow through the liver and subsequent
excretion, serum bile acid levels in both the mother and fetus become significantly
increased, specifically due to cholic and chenodeoxycholic acid [3]. After the delivery of the
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placenta, signs and symptoms of ICP disappear [4]. Currently the etiology of ICP is not fully
understood. Research is ongoing with regards to genetics, hormones and immunology in
attempt to find the cause of ICP. One study investigated gene expression in patients with ICP
and found that the expression of 392 genes were significantly altered; these genes have roles
in many processes ranging from metabolic processes to the immune system to reproduction
[4]. The goal of this article is to critically review the current literature on the immunological
basis of ICP. In addition, the current treatments and their effect on the immune system are
examined along with combination therapies.

For this article, we conducted a literature search via MEDLINE COMPLETE using terms
related to ICP and its treatments. Such terms included ICP, ICP immunology, ICP
pathogenesis, ICP treatment, ursodeoxycholic acid ICP, rifampicin ICP, S-
adenosylmethionine ICP, and polyunsaturated phosphatidylcholine ICP. Articles published
from 1989 to 2015 were included, with the majority of literature being published after 2010.

Risk Factors and effects of ICP

In patients with ICP, many factors have been noted to increase the risk of having this
disorder (Figure 1). Epidemiologically, the prevalence worldwide has been found to be 0.7%
overall [5]. One study found a prevalence as high as 27.6% among the Araucanian Indians of
Chile [6]. This is followed by the Aimara Indians of Chile (11.8%) or Bolivia (13.8%),
Chinese (5.2%) [7] and Scandinavian patients (1-1.5%) [6]. Other factors known to increase
the risk involve hormones. For instance, taking a high dose of oral contraceptives and
progesterone has been shown to trigger ICP [8]. Also, having twins increases the rate of ICP
[9]. Environmental risk factors have also been noted. There is an increased incidence of ICP
in the winter months [10]. Selenium deficiency increases the risk because selenium is a
cofactor for enzymes in the oxidative metabolism of the liver [11]. Genetic transporter
defects are thought to cause a minority of cases, and hepatitis C and bacterial endotoxin
increase the risk of ICP [12]. As the recurrence rate of ICP in multiparous women is less
than 70%, the risk of ICP is increased with subsequent pregnancies thus suggesting a role of
hormonal factors in the onset of ICP [11].

ICP has effects on both maternal and fetal health, with the effects on the fetus being the most
concerning. One study reported that fetal complications do not occur until bile acids are
greater than or equal to 40 umol/L, at which point the incidence of complications increases
by 1-2% with each additional umol/L increase [13]. These complications range from earlier
gestational age and lower neonatal birth weight [4] to meconium-stained amniotic fluid,
premature delivery and intrauterine death [2]. Death could be occurring through the action of
bile acid receptors in cardiomyocytes. As the level of bile acids increase, it can lead to death
by causing arrhythmias [14]. ICP has also been implicated in damaging the fetal lungs and
causing infant respiratory distress syndrome [15]. Studies have not yet examined potential
long term effects of ICP on the fetus.

In the mother, ICP has both short and long term effects. While pregnant, women can have
jaundice, steatorrhea [10] and increased risk of preeclampsia [16]. Enhanced blood
coagulation has been noted through increases in mean platelet volume [17] along with
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significant increases in factor VIII, von Willebrand factor and fibrinogen levels [18]. Much
later in life, women who have had ICP are more prone to a variety of health complications.
These include cholesterol gallstone formation, hepatitis C, nonalcoholic liver cirrhosis,
cholecystitis, nonalcoholic pancreatitis [19], liver cancer, immune-mediated and
cardiovascular diseases [20]. Clearly, the risks associated with ICP warrant further research
into the pathogenesis of this disorder.

Bile Acid Transporters and Hormones

Studies have explored the role of genetic transporter mutations in ICP due to the finding of
such mutations in other forms of cholestasis including progressive familial intrahepatic
cholestasis (PFIC) and benign recurrent intrahepatic cholestasis (BRIC). In both PFIC type 1
and BRIC, homozygous mutations have been identified in the ATP8B1 gene, which is
responsible for the production of familial intrahepatic cholestasis protein 1 (FIC1) [21].
While the exact function of FIC1 is unknown, it is proposed to be an amino-phospholipid
translocase. If true, it acts to maintain the distribution of phospholipids and thus the function
of bile acid transporters [21]. Sequencing patients with ICP, two mutations were found in
ATP8BL1 that are distinct from those of the other aforementioned forms of cholestasis [21].

Mutations in the ABCB4 gene have been implicated in ICP. In heterozygous mothers of
children with PFIC, recurrent episodes of ICP have been observed [22, 23]. This gene leads
to the production of the canalicular transporter named multidrug resistance protein 3
(MDR3), an exporter of phospholipids [23]. When studied in women with ICP but no history
of PFIC, a missense mutation was found resulting in less functional protein [22]. Other
studies found slicing mutations in the ABCB4 gene [24] and a single-nucleotide deletion of
MDR3 causing truncated, inactive protein [23]. Additionally, mutations in the gene
ABCB11 encoding the bile salt export pump (BSEP) [25] are proposed to increase the
susceptibility to ICP [26]. One study reports that patients who are heterozygous for
ABCB11 mutations account for one percent of European ICP cases [27]. The mutations

identified are thought to decrease protein levels by reducing the folding efficiency of BSEP
[27].

Aside from genetic transporter mutations, there is the issue of y-glutamy! transpeptidase (y-
GT). Bile acids assist in the detachment of this enzyme from the canalicular membrane. If
there is a failure to produce or secrete bile acids, y-GT will not be elevated [28]. In ICP,
patients are found to have both normal and increased levels of v-GT. In ICP patients with
MDR3 mutations, there is an increase in y-GT levels as seen in PFIC type 3 due to the bile
acids high detergent power [22, 23]. However, splicing mutations in MDR3 have been
identified in ICP patients with normal levels of v-GT as well [29]. Similarly, mutations in the
ABCB4 gene have been implicated with normal [27] and high y-GT levels [24]. These
mutations increase the susceptibility to ICP and as such require further research.

In regards to hormones, levels of both estrogen and progesterone are the highest in the late
stages of pregnancy when ICP occurs [12]. Both serve to inhibit bile acid flow through the
liver. Estrogen-glucuronides are sent out of the liver by multidrug resistance associated

protein 2 (MRP2) and cause internalization of BSEP into endocytic vesicles thus reducing
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the amount of bile excreted from the liver [1, 11 30]. Specifically, 17p-estradiol represses
BSEP through reduction in the coactivator peroxisome proliferator-activated receptor-y
coactivator-1 recruitment while also increasing corepressor recruitment to the BSEP
promoter [31]. Estrogen has also been shown to reduce expression of Na+/taurocholate co-
transporter (NTCP) and the organic anion transporting polypeptides (OATP) in rats [30].
Both NTCP and OATP are involved in the transport of bile acids into the liver from the
blood, with OATP1B3 being specifically expressed in the liver and placenta [32].

Sulfated progesterone metabolites are increased in ICP and act on bile acid metabolism and
transport pathways. Similar to estrogen, sulfated progesterone can cause trans-inhibition of
BSEP [33, 34]. It also inhibits NTCP uptake of bile acid in a competitive manner, as shown
in a Xenopus oocyte experiment [33, 35]. The sulfated metabolites also act on a nuclear
receptor called the farnesoid X receptor (FXR). FXR heterodimerizes with the retinoid X
receptor in the presence of high bile acids and upregulates efflux transporters of bile acids
like BSEP [36]. FXR also inhibits the short heterodimer partner (SHP) which blocks
expression of NTCP and various enzymes in the bile acid pathway [36]. Sulfated
progesterone metabolites increase bile acid levels by inhibiting the action of FXR [33, 36].
The reduced bile metabolism and excretion leads to changes in immunological factors that
are vital in understanding ICP.

Immunology

Cytokines

In normal pregnancy, patients experience elevations in both pro- and anti-inflammatory
cytokines [37]. There is decrease in type 1 cytokines along with an increase in type 2
cytokines in order to protect the fetus from potentially lethal TH1 and cytotoxic T cell
responses [30, 37]. In ICP however, patients experience a shift in the differentiation of THO
cells to TH1 development as seen by changes in cytokines. Significant increases have been
found in the levels of TH1 and TH17-associated cytokines, TNF-a [1, 37, 38], IL-6 [37],
IL-12 [L, 377, 1L-17A [39], 1L-18 [1] and IFN-y [#0-42] while TH2-associated cytokines,
IL-4 [37, 38, 42], IL-10 [41], TGF-p1 [30] and TGF- p2 [30] and suppressor of cytokine
signaling-3 (SOCS3) [41] are reduced. Increases in NF-kB further shift to a TH1 response.
Figure 2 demonstrates some of these immunologic changes along with associated
implications in the pathology of ICP.

TNF-a is important in the growth of the fetus and placenta but can be lethal when expressed
at very high levels. In ICP, the significant increase comes from production by the placenta
[37]. In obstructive cholestasis in rats, TNF-a downregulates BSEP along with IL-1 [30].
TNF-a and IFN-y are pro-inflammatory cytokines synthesized and secreted by TH1 cells.
These cytokines are responsible for decreased bile acid secretion, trophoblast apoptosis and
damage to the placenta [37] along with increased abortion rates in mice [43].

Along with the effects of TNF-a, it can induce production of another cytokine, IL-6, in
states of inflammation, trauma or stress [44]. IL-6 is made by TH2 cells but is considered a
pro-inflammatory cytokine [37]. It is a major cytokine in inflammation and can be induced
by IL-17 [45]. In CD4+ T cells, 1L-6 promotes differentiation to TH17 cells and inhibits
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Foxp3+ T-regulatory cell generation [44]. Elevated levels of IL-6 have been associated with
aspects of ICP, including preterm birth and recurrent miscarriage [44].

IL-12, a pro-inflammatory cytokine, is a dominant factor in driving the development of TH1
cells [46]. The commitment to TH1 is further enhanced by IFN-y which increases the
number of IL-12 receptors available while inhibiting the growth of TH2 cells [46]. IL-12
production can be induced in macrophages along with IL-6, IL-18 and TNF [47]. IL-18
synergizes with IL-12 to cause production of IFN- y by TH1 cells [47]. IL-18 can also
activate NF-xB by causing auto-phosphorylation of interleukin receptor-associated kinase
(IRAK) and natural Killer cells [46, 47]. Hence, both IL-12 and 1L-18 act to perpetuate the
TH1 response.

The final cytokine increased is IL-17A, which was originally identified as CTL-associated
antigen 8, and the increase is only significant in patients with severe ICP or who had total
bile acid concentrations greater than or equal to 40umol/L [45]. IL-17 can induce production
of IL-6 and IL-8, a chemokine ligand that recruits neutrophils [45]. It is secreted by TH17

cells and has been associated with a number of diseases involving chronic inflammation
[45].

While IL-4 production directs the development of a TH2 response, it is decreased in ICP
[37]. This cytokine is important in the development and maintenance of T-regulatory cell
development and can inhibit TH1 immunity [48]. IL-10, which is also decreased in ICP,
inhibits the proliferation of a TH1 response by causing less production of IL-12 and IL-18
from stimulated macrophages [46]. Both IL-4 and I1L-10 have an anti-inflammatory effect
and can prevent reproductive failure [48]; increases, instead of decreases, in both IL-4 and
IL-10 could be beneficial in patients with ICP.

TGF-B and TGF- 32 are also found in low levels but can inhibit the TH1 response [30].
TGF-B, along with TNF-a and IFN-y, can be made by uterine specific natural killer cells
(UNK cells) [30]. The suppressor of cytokine signaling 3 levels are significantly lower in
placenta cells of ICP as well [41]. The levels of these cytokines provide further evidence to
the pro-inflammatory nature of this disorder.

Finally, the nuclear factor, NF- xB, plays a role in the potentiation of the TH1 response [49].
Once activated by pro-inflammatory cytokines like TNF-q, it goes to the nucleus to promote
transcription of pro-inflammatory cytokines in the placenta such as TNF-a, IL-6 and IL-8
[37]. As the severity of ICP increases, there is a corresponding increase in the levels of NF-
B [37]. Both peroxisome proliferator-activated receptors a (PPARa) and y (PPARY) have
anti-inflammatory effects by inhibiting the signaling pathway of NF-xB [37]. High levels of
estrogen, as observed in patients with ICP, have been found to inhibit the mMRNA expression
of PPARa [10]. In regards to PPARY, one study found ICP patients to have increased levels
of PPARY but with no anti-inflammatory effect [37]. This finding suggests that further
research is needed into the role of PPARY in patients with ICP.
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These secondary pro-inflammatory mediators are induced by cytokines such as IL-1 or TNF
[20]. In ICP patients, CXCL6, CXCL14, IL-7R, CCL3 and CCL25 are upregulated [1]
along with CXCL1, CXCL4 and CXCL7 [4]. Increases in CXCL cytokines stimulate
neutrophil chemotaxis while the CCL chemokines stimulate monocyte migration along with
lymphocytes [50]. This recruitment of lymphocytes leads to cellular damage as will be seen
in the future discussion concerning neutrophils.

Lymphocytes

In ICP, there is mixed data on the changes in the T cell population. Researchers found that
high serum estradiol interacts with receptors on the surface of cytotoxic T lymphocytes and
decreases their activity in ICP; thus, there is an increase in the ratio of CD4+/CD8+ cells
[30, 52]. Another study found that ICP was associated with decreased amounts of
CD3+CD4+ cells and no change in the amount of CD3+CD8+ cells in the decidua parietalis
[40]. This evidence requires future research into the activity of CD4+ and CD8+ T cell
populations. Regarding regulatory T cells in ICP, there is not conflicting evidence. The
CD4+CD25+ cells in both peripheral blood and decidua were found to be significantly
decreased [53]. T-regulatory cells normally maintain immune tolerance by suppressing the
inflammatory state, natural killer cells and T cell responses involved in labor complications
[54]. This decrease in regulatory T cells contributes to the pathogenesis of ICP.

Significant increases in CD19+ B cells have been found in the placenta of patients with ICP
[51]. NK cell populations have also been found to be increased. Specifically, there are
increases in CD3-CD56+ (NK cells), CD3+CD56+ (NKT cells), CD56+CD16+,
CD56+CD16- (UNK cells) and CD56+NKG2D+ cells, with no change in CD56+NKG2A+
cells [40]. CD56+CD16+ cells are NK cells that have high cytolytic activity through 1gG Fc
receptors (CD16). CD56+NKG2D+ cells have activating receptors that induce NK cells to
kill while CD56+NKG2A+ cells have inhibitory receptors. These cells can also secrete
angiogenic factors such as vascular endothelial growth factor (VEGF) [55, 56]. ICP has been
associated with an increase in the expression of VEGFC gene that encodes a ligand for
VEGF receptor-3 (VEGFR3), also known as receptor tyrosine kinase FLT4, but also with
decreases in other factors involved in angiogenesis [51]. Thus, the role of angiogenesis in
ICP is uncertain. Since there are significant changes in the expression of both B lymphocytes
and NK cells, further research is warranted to elucidate their role in the pathogenesis of ICP.

Adhesion Molecules

The expression of both intracellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) are found to be increased in ICP [30, 57], which is
supported by bile duct ligation experiments in mice [58]. Bile acids increase the
concentration of these adhesion molecules through the NF-xB pathway [57]. These
increases are important to note because they enable neutrophils and monocytes to
transmigrate to the liver and become active.
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Macrophages

Neutrophils

Neopterin, a marker for the activation of macrophages, is increased in ICP [4, 30, 59]. In rat
experiments focused on obstructive cholestasis, a large amount of macrophages were
observed which expressed phospholipase A2 and the bile acid receptor TGR5 [15]. The
effect of ICP on TGR5 appears to be significant. For example, activation of this receptor
results in an increase in CAMP levels and inhibition of pro-inflammatory secretion [60].
TGRS also can increase the production of reactive oxygen species (ROS) as seen in
astrocytes [60]. The significantly lower levels of TGR5 that is found in placentas of patients
with ICP due to progesterone metabolites [60] contributes to the pro-inflammatory cytokine
environment while also potentially protecting the fetus from ROS. In addition to promoting
the pro-inflammatory environment, alveolar macrophages marked via anti-ED1 antibodies
have been implicated in the development of infant respiratory distress syndrome, which is
seen in ICP [15].

The neutrophil-to-lymphocyte ratio is significantly higher in women with ICP [17, 61]. In
fact, as the severity of ICP increases based on levels of bile acids, there is an increase in the
ratio of neutrophils-to-lymphocytes [61]. In an experiment on obstructive cholestasis in bile
duct-ligated mice, the extravasation of neutrophils and production of ROS, such as
superoxide and hypochlorous acid [62], were responsible for the inflammatory injury [63].
Neutrophils contribute to the pathogenesis of ICP by systemic inflammation.

Human Leukocyte Antigen

Apoptosis

Levels of both non-classical molecules HLA-E [30] and HLA-G [38, 64] are decreased in
ICP. The decrease in HLA-E most likely provides protection for the fetus from the maternal
immune system by interacting with the CD94/NKG2a NK-cell inhibitory receptor [30]. With
regards to HLA-G expression in the placenta, it is downregulated by MiR-148a, which is at
elevated levels in ICP and is positively correlated with increases in total bile acid levels [64].
MiR-148a binds to the 3’-UTR of HLA-G mRNA thus causing degradation and inhibition of
translation. The low HLA-G expression in the placenta contributes to the induction of the
TH1 cytokine response seen in ICP [64] while also protecting the fetus by regulating
maternal CD4+ T-cell activity [30].

Cell apoptosis and intracellular edema are increased by the placenta in ICP [65]. This can be
seen through the expression of Fas and FasL. FasL is able to induce apoptosis of maternal
lymphocytes in order to protect the fetus. In ICP, expression of FasL is decreased while Fas
is increased in syncytiotrophoblasts [30]. This increase in Fas comes from the induction by
TNF-a and IFN-y [30]. Bile acids also activate Fas receptors in hepatocytes resulting in
injury and cell death [66]. These changes ultimately result in the apoptosis of placenta cells
with a decrease in the inactivation of maternal lymphocytes.

Higher levels of bax and p53, both pro-apoptotic proteins, and lower levels of bcl-2, an anti-
apoptotic protein, have been noted in ICP [30]. Bax expression can be induced by bile acids
in the mitochondria and will cause dysfunction then death [67]. Other pro-apoptotic proteins
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noted to be upregulated in ICP are deoxyribonuclease 1-like 3 (DNASE1L3), tumor protein
p73-like (TP73L), ring finger protein 36 (RNF36) and KIAA0367 [4]. Endoplasmic
reticulum protein 29 (ERp29) has also been found to be increased in ICP [68] and may
induce apoptosis due to bile acids by activating p38 and caspase-3 [69].

Finally, M30 antibody or caspase-cleaved cytokeratin-18 is thought to be specific to liver
apoptosis. In fact, cytokeratin-18 is the main protein filament in the liver and is cleaved
during apoptosis by caspases [70]. This M30 antibody is found to be significantly higher in
both maternal and umbilical cord serum signifying liver damage [70]. The increased levels
of many apoptotic proteins signify that cell death is occurring more rapidly and at multiple
sites in patients with ICP; a well-designed treatment is needed to restore the immune system
for these patients.

Ursodeoxycholic acid (UDCA) is the commonly used treatment for ICP [71]. It has been
shown to improve both the outcomes for the mother and fetus by decreasing pruritus,
improving liver function, increasing the birth weight and being associated with less
meconium staining [72]. Currently, the mechanisms by which UDCA act are not completely
revealed. One of the beneficial effects of this treatment is its ability to decrease bile acid
accumulation [2, 3, 10]. Studies found that UDCA has this effect by increasing the activity
of the canalicular BSEP and MDR3, used for exporting phospholipids, along with
basolateral MRP4 which exports bile salt conjugates and placental ABCG2 protein, an
export of bile acids and sulfated progesterone in the placenta [2, 73, 74]. With BSEP, UDCA
seems to be doubling the half-life of the protein by slowing down the endocytosis of the
pump [73]. This decreased degradation is most likely occurring with ABCG2 as well
because its MRNA was not found to be increased with UDCA treatment [2].

Along with increasing the activity of these pumps, UDCA has many other effects. It
decreases the toxicity of the bile pool [65, 75], prevents oxidative stress and apoptosis [76],
and upregulates serum expression of the vasodilator, corticotropin-releasing hormone, which
is down regulated in ICP [77]. UDCA has also been shown to prevent arrhythmic events in a
rat model of the fetal heart [78] and may have an effect on progesterone levels and pruritus.
The results are mixed on the changes in progesterone with UDCA treatment. One study
stated that it has no effect on reducing the level of sulfated progesterone metabolites in
maternal serum [2]. However, another study found stimulation of disulphate progesterone
metabolites excretion in the urine to be associated with improvements in pruritus [79]. In
regards to pruritus, it is mediated by lysophosphatidic acid or LPA, a phospholipid derivate
that is increased in ICP [80]. LPA is created by autotaxin, which is also increased in ICP,
from lysophosphatidylcholine [80]. Unfortunately, not all women experience relief from
pruritus with UDCA [81].

Combination therapies have been used to improve the treatment for ICP. This is due to the
fact some studies have not found UDCA to be effective [65]. These therapies include
combinations of UDCA with rifampicin, S-adenosylmethionine (SAMe) or polyunsaturated
phosphatidylcholine (PPC), all of whose mechanisms are represented in Figure 3.
Rifampicin acts by enhancing the elimination of bilirubin and bile acids from hepatocytes.
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Specifically, it increases expression of the UDP glucuronosyltransferase 1 family,
polypeptide A1 (UGT1AL), a bilirubin-conjugating enzyme, and MRP2, which excretes
bilirubin at the canalicular membrane [74]. Furthermore, it reduces bile acid levels by
increasing the expression of cytochrome P450 3A4 (CYP3A4) via the binding of the
pregnane nuclear receptor (PXR) to the 9-cisretinoic acid receptor (RXR), which is at
reduced levels with rifampicin treatment [82]. CYP3AA4 converts bile acids by 6a-
hydroxylation; the bile acids are then glucuronidated and excreted in the urine [74]. Ina
retrospective study, rifampicin was shown to decrease bile acid levels in combination with
UDCA for patients who did not respond to UDCA monotherapy [81]. More studies need to
be done on Rifampicin treatment with UDCA as the current research available is limited due
to the number of patients studied.

The next therapy, SAMe, is endogenously produced in the liver and is an important methyl
group donor [83, 84]. Its main function is to raise levels of glutathione (GSH) which protects
the liver by detoxifying electrophiles, scavenging free radicals and affecting cell processes
such as DNA synthesis and the immune system [85]. In addition, GSH can save hepatocytes
from apoptosis by defending against the generation of ROS in mitochondria that results from
the binding of TNF-a to its associated type 1 receptor TNFR1 [86]. A meta-analysis
comparing the glutathione precursor SAMe, UDCA and the combination of the two showed
that SAMe and UDCA together further reduced Cesarean sections, preterm birth and fetal
asphyxia [87].

Finally, PPC is a transcriptional activator that increases expression of the mRNA of PPARa
[10]. PPARa has been shown to antagonize signaling through NF-xB and thus the
expression of IL-6, IL-12 and TNF-a [88]. Hence, PPC reduces the production of pro-
inflammatory cytokines seen in ICP. The combination of PPC and UDCA led to less pruritus
for patients and improved liver function [89]. This therapy is suggested in ICP cases that are
severe or have an early onset [89]. This and the other combination therapies are promising,
but their mechanisms need to be examined more closely to understand how patients are
benefiting and what can be done to further enhance the treatments.

Ideas for future treatments may further help ameliorate ICP. For example, drugs that block
autotaxin or LPA receptors may be better at improving pruritus than current options [80].
One study supporting this idea found that a variant of adipoturin, which metabolizes LPA,
decreased itch severity in ICP through increased metabolism [90]. Another potential
treatment is FXR agonists. These agonists, such as W450 or WAY-362450 on the placenta,
have been effective in reducing bile acid levels in maternal serum, liver and amniotic fluid in
mice [65]. Furthermore, HLA-G is a potential target as it has the ability to alter the immune
response to be more TH1 or TH2 oriented [64]. High levels of HLA-G suppress the T-
lymphocyte response and induces TH2 development [64]. Future, targeted treatments need
to be explored in order to reduce this disorder that affects both the mother and fetus.

Expert commentary & five-year view

While the exact mechanism behind ICP is unknown, many factors have been shown to
contribute to this disorder. Increases in estrogen and progesterone result in reduced bile acid
uptake and excretion by the liver. The increase in serum bile acid then causes a change in the
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immune system from a TH2 mediated response to TH1. As pregnancies that have a shift to a
TH1 immune response have more adverse outcomes, many of the risks of ICP are most
likely mediated by the immune system. The pathways by which the immune cells take this
effect and how exactly they are involved requires further research.

The current treatment, UDCA, is shown to be beneficial in some studies but the mechanism
of its action is not fully understood either. It has been shown to act on bile acid accumulation
but no studies have explored how it acts on the immune system. As not all patients respond
to this treatment, research needs to delve more into UDCA, combination treatments with
UDCA and potential future treatments in order to achieve better outcomes for patients with
ICP.
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Key Issues

Intrahepatic cholestasis of pregnancy can have adverse effects for both the fetus
and mother

Increases in bile acids result in a change to TH1 mediated immunity; however,
the mechanisms behind this is unknown.

Further investigation into the alterations of the immune system, pathways
involved and implications of these changes is needed to better understand
intrahepatic cholestasis of pregnancy.

Markers for apoptosis signify the occurrence of intracellular edema and cell
death in the liver and placenta

UDCA has shown to be effective at treating some patients but not all; further
studies should assess the factors behind the ineffectiveness of UDCA.

Combination therapies with UDCA including rifampicin, SAMe and PPC merit
more examination as these lead to improvements over UDCA monotherapy.

Potential future treatments that have specific targets known to play a role in ICP
need to be investigated to improve the care of patients.
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Diagnosis: Pruritus, increased AST
and ALT levels, fasting

hypercholanemia (>10 pmol I%) Early gestational age,
lower neonatal birth

weight, meconium-
stained amniotic fluid,

infant respiratory

distress syndrome,
premature delivery,
intrauterine death

Pruritus, jaundice,
steatorrhea, enhanced
P blood coagulation,
increased risk of
preeclampsia

| Mother § Increased

susceptibility to
gallstones, cirrhosis,

Intrahepatic cholestasis
of pregnancy
/
Short term

Long term

R

cholecystitis, cancer,
immune-mediated
diseases

Figure 1. The risks and effects of intrahepatic cholestasis of pregnancy
Risk factors, diagnostic criteria and effects of intrahepatic cholestasis of pregnancy on the

fetus and mother are shown above. Short term effects of ICP on the mother occur from the
onset of intrahepatic cholestasis of pregnancy until the delivery of the placenta while long
term effects are those that occur a significant time later.

AST: Aspartate aminotransferase; ALT: Alanine transaminase
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Intrahepatic cholestasis of pregnancy

Figure 2. Immunologic changes occurring in intrahepatic cholestasis of pregnancy
The rise in estradiol and progesterone in the third trimester of pregnancy modulates immune

cells including macrophages, CD4+ T cells, neutrophils and NK cells via increases in bile
acids. The increase in bile acid levels lead to increased activation of alveolar macrophages
which have been implicated in infant respiratory distress syndrome, one of the fetal risks
involved this disorder. Changes occur in the differentiation of CD4+ T cells. TH1 cell
proliferation becomes increased and secrete pro-inflammatory cytokines such as IFN-y and
TNF-a that cause placental damage. TH2 cells which secrete anti-inflammatory 1L-4 and
IL-10 are decreased along with T-regulatory cells which have been shown to decrease the
incidence of labor complications. Meanwhile TH17 cells produce IL-17 which induces the
production of IL-6, a cytokine shown to cause preterm birth and recurrent miscarriage when
at increased levels. Neutrophils, which are increased, create ROS that cause cellular injury.
Finally, NK and uNK cells secrete VEGF, a factor that causes angiogenesis. While VEGF is
increased in ICP, other angiogenic factors are decreased thus questioning the role of
angiogenesis in intrahepatic cholestasis of pregnancy.

BSEP: Bile Salt Export Pump; NATP: Na+/taurocholate co-transporter; OATP: Organic
anion transporting polypeptides; iRDS: Infant respiratory distress syndrome; Treg: T-
regulatory cells; ROS: Reactive oxygen species; NK: Natural Killer cells; uNK: Uterine
natural killer cells; VEGF: Vascular endothelial growth factor.
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Figure 3. Mechanisms of treatment for intrahepatic cholestasis of pregnancy
In parts A, B and C, the effects of treatments are shown in hepatocytes; D shows PPC’s

effects occurring in immune cells such as leukocytes. UDCA, as shown in A, treats
intrahepatic cholestasis of pregnancy in part by decreasing bile acid via higher protein levels
of the canalicular transporters BSEP and MDR3 and the basolateral MRP4 protein. In B,
Rifampicin increases expression of CYP3A4 through binding of PXR to RXR which
activates its transcription. CYP3A4 converts bile acids to 6a-hydroxylated bile acids that are
later glucuronidated and exported into the blood via MRP3. The elimination of bilirubin is
also increased with rifampicin through increased UGT1A1 which converts bilirubin to
bilirubin diglucuronide that is then excreted through MRP2, a canalicular exporter. In C,
SAMe’s effect on GSH is shown. It increases levels of GSH, which protects hepatocytes by
scavenging free radicals, detoxifying electrophiles and modulating critical cell processes
such as DNA synthesis. GSH also controls the generation of ROS in mitochondria. This
production can be induced by the binding of TNF-a to its receptor TNFR1 to cause
apoptosis. Finally, PPC in D acts by increasing activation of PPARa which inhibits the NF-
«B and thus the production of pro-inflammatory cytokines in cells such as macrophages and
lymphocytes.
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UDCA: ursodeoxycholic acid; BSEP: Bile salt export pump; MDR3: multidrug resistance
protein 3; MRP2, 3, 4: Multidrug resistance associated protein 2, 3, 4; UGT1AL: UDP
glucuronosyltransferase 1A1; PXR: Pregnane X receptor; RXR: 9-¢isretinoic acid receptor;
CYP3A4: Cytochrome P450 3A4; SAMe: S-adenosylmethionine; GSH: Glutathione; ROS:
Reactive oxygen species; TNFR1: Tumor necrosis factor receptor type 1; PPC:
Polyunsaturated phosphatidylcholine; PPARa: Peroxisome proliferator-activated receptor a.
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