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May Circulating Steroids Reveal a Predisposition to Intrahepatic
Cholestasis of Pregnancy in Non-Pregnant Women?
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Summary

Intrahepatic cholestasis of pregnancy (ICP) is a frequent liver
disorder, mostly occurring in the third trimester. ICP is not
harmful to the mothers but threatens the fetus. The authors
evaluated steroid alterations in maternal and mixed umbilical
blood to elucidate their role in the ICP development. Ten
women with ICP were included in the study. Steroids in the
maternal blood were measured by Gas Chromatography-Mass
Spectrometry (GC-MS) (n=58) and RIA (n=5) at the diagnosis of
ICP, labor, day 5 postpartum, week 3 postpartum and week 6
postpartum. The results were evaluated by ANOVA consisting of
the subject factor, between subject factors ICP, gestational age
at the diagnosis of ICP and gestational age at labor, within-
subject factor Stage and ICP x Stage interaction. The 17 controls
were firstly examined in the week 36 of gestation. ICP patients
showed reduced CYP17A1 activity in the C17,20 lyase step thus
shifting the balance between the toxic conjugated pregnanediols
and harmless sulfated 5a/B-reduced-17-oxo C19 steroids. Hence,
more toxic metabolites originating in maternal liver from the
placental pregnanes may penetrate backward to the fetal
circulation. As these alterations persist in puerperium, the
circulating steroids could be potentially used for predicting the
predisposition to ICP even before next pregnancy.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) is
the most frequent liver disorder in pregnancy. The disease
is associated with an altered biliary secretion of bile acids
(BA) and other biliary lipids and usually induces
placental oxidative stress and apoptosis. Although ICP is
associated with a discomfort in pregnant women, it does
not seriously harm them. Instead, ICP represents a serious
risk and difficult-to-predict complications in the fetus
including preterm birth, meconium flux into the amniotic
fluid, respiratory distress syndrome, and
intrauterine fetal death (Simjak et al. 2014). The risk of
ICP rises with escalating levels of pregnancy steroids

sudden

during the third trimester of pregnancy. Furthermore, the
risk of ICP is higher in multiple pregnancies with
multiple sources of fetal steroid precursors such as
sulfated C21 and C19 A’ steroids (Parizek et al. 2015).
These steroid sulfates enter the placenta, which desulfates
them and converts the unconjugated steroids to
progestogens and estrogens. Placental progestogens may

be converted to their 5o-reduced metabolites and, after
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entering the maternal circulation, these substances may
be subsequently sulfated and/or glucuronized in the
maternal liver. As we have previously reported, the
conjugation of 5a/B-reduced-20-oxo-pregnanes in the
maternal compartment increases with the approaching
term (Hill et al. 2010a). During enterohepatic circulation,
both progesterone and estrogen metabolites may be
transformed into cholestatic compounds (Reyes 2008).
Although the maternal liver plays a key role in the
catabolism of maternal progesterone, the formation and
catabolism of female sex hormones is not limited to
the maternal liver, ovaries, and adrenals. There is
a bidirectional flux to the fetal-placental unit and the fetal
adrenal and placenta synthesize a substantial part of the
substrates for the production of active hormones and
consequently their noxious catabolites. About half of the
progesterone metabolism occurs in extrahepatic sites
(Hill et al. 2010a, Reyes 2016). In ICP patients, the
sulfated progesterone catabolites are increased 4-10 times
when compared with healthy pregnant women, while
glucuronidated metabolites remain unaffected by either
pregnancy or ICP. The patients also show an increased
ratio of 3a- to 3B-hydroxysteroid sulfates in serum
(Reyes 2016). ICP symptoms withdraw shortly after birth
as the placental conversion of fetal steroids disappears,
and the activity of the fetal adrenal zone declines (Glantz
et al. 2008, Lammert ef al. 2000).

ICP is probably associated with an overpro-
duction of sulfated progesterone metabolites such as
pregnanolone isomers and pregnanediols and the
pathophysiology of ICP may be influenced by enzymes
interconverting the 3B-hydroxy, 3-oxo-, and 3a-hydroxy-
pregnanes and by selective defect in steroid sulfate
conjugation affecting the biliary secretion of steroid
metabolites (Glantz et al. 2008, Meng et al. 1997).
in the

pathophysiology of ICP is also shown by reduced

The key role of progesterone catabolism

progesterone levels and elevated concentrations

of its metabolites in women with asymptomatic
hypercholanemia, which is accompanied by moderately
elevated total bile acids (TBA) (>11 uM) but normal
aminotransferases (Pascual et al. 2002). The increased
levels of sulfated pregnanediols may also predict the ICP
onset (Abu-Hayyeh et al. 2016, Parizek et al. 2016) and
the overproduction of conjugated progesterone catabolite
isopregnanolone (33,50-THP) sulfate inhibits the de novo
synthesis of hepatic farnesoid X receptor (FXR), which
may result in a cholestatic phenotype (Abu-Hayyeh et al.

2013, Rizzo et al. 2005). Data from animal models reveal

that estradiol and reduced pregnane steroids inhibit the
bile salt export pump (BSEP), which is responsible for
bile acids (BAs) secretion while the progesterone itself is
inactive (Byrne ef al. 2002, Vallejo et al. 2006).

In the mild ICP, some reports indicate that the
fetuses of mothers with ICP have elevated circulating
cortisol and dehydroepiandrosterone sulfate (DHEAS)
probably due to increased activity of both the maternal
zona fasciculata and zona reticularis. However, in severe
ICP, there is a suppressed stress response system (Wang
et al. 2011) and other authors record lower levels of
DHEAS and estrogens in women with ICP (Leslie ef al.
2000).

Although the aforementioned data indicate
an important role for steroids in the pathophysiology of
ICP, there is still a number of questions to be addressed.
In our previous study, we evaluated the differences
between maternal circulating steroids in women with ICP
before the beginning of the therapy by ursodeoxycholic
acid (UDCA) to assess potential importance of maternal
circulating steroids for the diagnosis of ICP (Parizek et
al. 2016). Here we followed the time profiles of maternal
circulating steroids from late pregnancy to week 6
postpartum to explain the associations of individual steps
of steroid metabolism (during pregnancy, at labor and in
postpartum period) with the etiopathogenesis of ICP to
examine whether the steroidogenesis in patients remains
altered in the postpartum period. This may be helpful for
the discovery of potential markers of ICP predisposition
in non-pregnant women.

Methods

Subjects

Ten pregnant women with ICP were included in
the study. The mean gestational age at the onset of ICP
was 35.8+1.7 weeks (range 29-38). All women with ICP
had increased TBA levels (=8 pmol/l), 90 % of them
exhibited elevated aminotransferases and half of them
suffered from pruritus. Other causes of cholestasis were
detailed
examinations. Four cases of severe ICP (TBA>40 pumol/l)
recorded. All
Gestational diabetes mellitus was an exclusion criterion

excluded by clinical and laboratory

were pregnancies were singleton.
for both controls and patients. The control group
consisted of 17 women with uncomplicated singleton
pregnancies, who underwent laboratory examination in
the week 36 of pregnancy. No case of maternal pruritus

was recorded and serum aminotransferase activities and
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TBA were normal in all controls. At delivery, the mean
gestational age of patients with ICP and controls was
37.5+0.7 and 39.4+1.1 weeks, respectively. Pregnancy
ended prematurely in one case of ICP (10 %), whereas in
the control group no case of delivery before 37 weeks of
pregnancy occurred. From the total of ICP-complicated
pregnancies, 40 % were terminated by cesarean section,
in contrast to 35 % in the control group. The mean
APGAR score at the first minute was 9.3+0.6 and
9.2+0.8, and at the fifth minute was 10.0+£0.0 and
9.7+0.5 for the ICP and control groups, respectively.
From the ICP patients, 7 were treated with 750-1000 mg
UDCA/day for 3-14 days after the first blood collection
(stage “Dg”) and 3 patients did not use UDCA. The
Ethics Committee of the General University Hospital and
1™ Faculty of Medicine of Charles University in Prague
approved this study. Written informed consent was
obtained from all study participants before any study
related procedures had been carried on.

Sample collection

In the ICP patients, the blood samples were
firstly collected in the 3™ trimester after diagnosis of ICP
and before starting the treatment with UDCA while the
controls were firstly examined in the week 36 of gestation
(stage (Dg)). Both groups were further monitored at labor
(Lab), day 5 postpartum (d5), week 3 postpartum (wk3)
and week 6 postpartum (wko6). The treatment with UDCA
in ICP patients was ceased immediately after labor.
Serum was obtained after centrifugation for 5 min at
2,000xg at 0 °C and stored at -20 °C until analyzed.

Liver function tests
Standard
as  alanine

serum biochemical markers such
(ALT),
aminotransferase (AST), y-glutamyltransferase (GGT),
(ALP)

determined on an automatic analyzer (Modular analyzer,

aminotransferase aspartate

alkaline phosphatase and bilirubin  were
Roche Diagnostics GmbH, Mannheim, Germany), using
routine laboratory assays. The TBA were quantified using
an EIA kit from Trinity Biotech USA Inc. (Jamestown,

NY, USA).

Steroid analysis

The levels of 38 unconjugated steroids and
25 steroid conjugates were measured in the maternal
serum and serum from mixed umbilical blood. The
steroid metabolome included C21 A’ steroids, C19 A’
steroids, C21 At steroids, C19 At steroids, estrogens, C21

Sa/B-reduced steroids and C19 5a/B-reduced steroids.
Most of the steroids were measured by GC-MS using our
previously published method (for details see Hill et al.
2010c). However, instead of the system GCMS-QP2010
Plus we wused the GCMS-TQS8040
(both systems were from Shimadzu (Kyoto, Japan)).
Q3-SIM  mode.
17-hydroxypregnenolone and 17-hydroxypregnenolone

in this study

The analysis was conducted in
sulfate were measured using our previously published
RIA methods (Hill et al. 1999, Vcelakova et al. 2007)
while 17-hydroxyprogesterone, cortisol, and testosterone
were quantified by RIA kits
(Marseille, France).

from Immunotech

Statistical analysis

The differences in levels of steroids and liver
function test during late gestation, at labor, and during
three periods postpartum (day5, week 3, and week 6
postpartum) were evaluated using a mixed-design
analysis of variance (ANOVA) model. In this model, the
fixed effects factors were between-subjects variables and
the stage effect was a within-subjects variable (all
subjects were measured in all periods). The between-
subject factors were ICP (ICP positive vs. controls),
gestational age at the diagnosis of ICP (GA, Dg:
<week 36 vs. >week 36 of gestation, samples from
controls were collected in week 36 of gestation) and
gestational age at labor (GA, labor: <week 38 vs.
>week 38 of gestation). The factors GA, Dg and GA,
labor were incorporated into the model to control for
changing steroid levels in the fetomaternal circulation
during gestation (Hill et al. 2010a, Hill et al. 2014). The
within-subject factor was Stage (diagnosis of ICP,
labor, day 5 postpartum, week 3 postpartum, week 6
postpartum) and the model also included the ICP x Stage
interaction testing the significance of divergence between
time profiles of controls and patients. The mixed-design
ANOVA model was followed by least significant
difference multiple comparisons. Respecting the skewed
data distribution and non-constant variance in most
dependent variables, these were transformed by power
achieve data
homoscedasticity prior to further data processing
(Meloun et al. 2000). The homogeneity and distribution
of the transformed data were checked by residual analysis
as described elsewhere (Meloun et al. 2002). The
statistical software Statgraphics Centurion, version XV

transformations  to symmetry and

from Statpoint Inc. (Herndon, Virginia, USA) was used
for the ANOVA testing.
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Fig. 1. Profiles of liver function tests in late pregnancy, at labor
and postpartum in women with ICP and controls. Full and empty
circles with error bars represent the re-transformed means with
their 95 % confidence intervals for ICP patients and controls,
respectively. The differences in levels of steroids and liver
function test during late gestation, at labor, and during three
periods postpartum (day 5, month 3, and month 6 postpartum)
were evaluated using ANOVA model consisting of between-
subject factors ICP (ICP positive vs. controls), gestational age at
the diagnosis of ICP (GA, Dg: <week 36 vs. >week 36 of
gestation, samples from controls were collected in week 36 of
gestation) and gestational age at labor (GA, labor: <week 38 vs.
>week 38 of gestation), within-subject factor Stage and
ICPxStage interaction. Respecting the skewed data distribution
and non-constant variance in most dependent variables, these
were transformed by power transformations to achieve data
symmetry and homoscedasticity prior to further data processing.
Statistical significance of the factors and interaction was as
follows: A) ICP: F=115.5, p<0.001; Stage: F=15.2, p<0.001;

ICPxStage: F=22.3, p<0.001; B) ICP: F=51.4, p<0.001;
ICPxStage: F=14.4, p<0.001; C) ICP: F=90.5, p<0.001;
ICPxStage: F=9.8, p<0.001; D) ICP: F=77.4, p<0.001;

ICPxStage: F=8.7, p<0.001.

Results

The profiles of circulating C21 steroids in
women with intrahepatic cholestasis of pregnancy (ICP)
and controls (C) at the diagnosis of ICP in the
3" trimester (Dg), at labor (Lab), day 5 postpartum (d5),
week 3 postpartum (wk3) and week 6 postpartum (wko6)
are shown in Table 1 as well as the corresponding data
for C19 steroids and estrogens. Liver function tests show
pronounced between-group differences in pregnancy, but
these differences diminish d5 and wk3 and disappear in
wko6. As expected, all profiles of liver function tests
exhibit significant ICP x Stage interaction demonstrating
significantly different courses of the corresponding
profiles for controls and patients (Fig. 1). Alternatively,
the steroid profiles, as well as ratios of C21 to C19
steroids, keep the between-group differences from stage
Dg up to stage wko6 postpartum (Table 1, Figs 2 and 3).
Only the profile of conjugated So-pregnane-3a,20a-diol
shows a significant interaction ICP x Stage indicating
different courses of time profiles for ICP group and
controls (steeper fall within stages Lab and wké6 in the
patients, Table 1). While the levels of C21 steroids tend
to higher levels in the patients, the concentrations of C19
steroids are mostly lower (Table 1, Fig. 2) in this group.
Moreover, several profiles of C21 to C19 steroid ratios
are also regularly shifted to higher values in the patients
when compared to controls (Fig. 3). Estrogen profiles
mostly do not significantly differ except the levels of
estrone sulfate showing a significant shift to lower values
and estriol sulfate levels showing the opposite trend
(Table 1). In the mixed umbilical blood of ICP patients,
we found higher levels of pregnenolone, conjugated and
unconjugated Sa-pregnane-3a,20a-diol and cortisol but
lower levels of androgen metabolites epiandrosterone,
etiocholanolone sulfate and estrogens estrone and
estradiol sulfate (Table 2).

Discussion

In contrast to the liver function tests showing
divergent time profiles in patients and controls due to
fading concentrations of noxious substances in the former
group (Fig. 1), the profiles of steroid levels (Table 1,
Fig. 2) and steroid ratios (Fig. 3) were less divergent or
parallel particularly in sulfated C19 steroids. This may
indicate permanently impaired steroidogenesis in women
with ICP irrespectively of the pregnancy status and
a possible use of the circulating steroids for estimation of
predisposition to ICP even in nonpregnant women.
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Fig. 2. Profiles of 17-ox0-C19 steroids
showing significant differences
between women with ICP and controls
in late pregnancy, at labor and
postpartum. The statistical method,
symbols, and drawings are the same
as for Figure 1. Statistical significance
of the factors and interaction was as
follows: A) ICP: F=37.8, p<0.001;
ICPxStage: F=0.3, p=0.876; B) ICP:
F=47.2, p<0.001; ICPxStage: F=1.6,
p=0.197; C) ICP: F=69.5, p<0.001;
ICPxStage: F=1.1, p=0.346; D) ICP:
F=14.1, p<0.001; ICPxStage: F=0.9,
p=0.485; E) ICP: F=37.2, p<0.001;
ICPxStage: F=1.5, p=0.216; F) ICP:
F=34.9, p<0.001; ICPxStage: F=0.9,
p=0.463.

lab d5 wk3 wke
Stage

d5  wk3 wké
Stage

Dg Lab d5 wk3 wké
Stage

Dg Lab

UDCA treatment in most of our ICP-patients
after diagnosis of ICP is an important confounding factor
for the steroid metabolism between stages Dg and Lab.
Nevertheless, the first stage Dg was not influenced by
UDCA as the blood withdrawal was performed before the
beginning of medication and a similar situation was in
postpartum periods when the excessive formation of
progesterone was terminated at labor and the UDCA
treatment was finished. Concerning the situation after the
beginning of UDCA medication to labor, some authors
did not found a significant influence of UDCA on steroid
metabolism (Estiu ef al. 2015) and others reported
a suppressed synthesis of So/B-reduced progesterone
metabolites (Abu-Hayyeh et al. 2016). In the present
the
metabolites at labor remain increased despite the UDCA

study, levels of 5o/B-reduced progesterone
treatment. The small number of ICP patients untreated by
UDCA (n=3) does not allow an exact comparison

whether the androgen levels significantly differ between

Dg

d5  wk3 wké
Stage

Lab

UDCA-treated and UDCA-untreated ICP patients (n=7)
and no data is available in the literature concerning the
UDCA effect on conjugated C19 steroids. However, the
circulating levels of sulfated androgens in untreated ICP
patients at labor are apparently unaltered when compared
with the UDCA-treated patients. When considering data
from others, the pregnane levels in UDCA-untreated ICP
patients would be either unaltered or even higher than in
the treated ICP patients (Abu-Hayyeh et al. 2016, Estiu et
al. 2015). Therefore, the steroid alterations in the UDCA-
untreated ICP patients at labor against the control group
would be either comparable or even more explicit than in
the case of UDCA-treated women. Thus, our most
important finding of permanent alterations in maternal
steroidogenesis in ICP patients is not derived from the
UDCA treatment but from the predisposition of a part of
the female population to ICP due to an attenuated activity
of zona reticularis.
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Table 2. Steroids (nM) in mixed umbilical blood from patients with intrahepatic cholestasis of pregnancy (ICP) and controls (C) at labor.

) Group ANOVA
Variable C ICP - p
Pregnenolone 48 (38, 63) 31(27,37) 6.7 0.018
Cortisol 280 (190, 420) 130 (100, 180) 59 0.025
Estrone 130 (100, 180) 54 (40, 71) 11 0.004
Estradiol sulfate 7 (5.6, 8.5) 3.9(3,4.8) 7.9 0.011
Sa-pregnane-3a,200-diol 4.27 (2.96, 5.94) 7.6 (5.98, 9.55) 4.8 0.041
Conjugated Sa-pregnane-3o,20a-diol 859 (613, 1180) 3900 (3020, 5080) 31.2 <0.001
Epiandrosterone 0.209 (0.157, 0.289) 0.132(0.107, 0.163) 4.6 0.046
Etiocholanolone sulfate 1.93 (1.45, 2.53) 0.921 (0.709, 1.18) 9.2 0.007

ICP and C — ICP patients and controls, respectively, F — F-statistic, p — statistical significance of factors in ANOVA model.
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Fig. 3. Profiles of ratios of conjugated pregnanediols to
corresponding conjugated 17-oxo-5a/B-reduced androstanes in
late pregnancy, at labor and postpartum in women with ICP and
controls. The statistical method, symbols, and drawings are the
same as for Figure 1. Statistical significance of the factors and

interaction was as follows: A) ICP: F=155.1, p<0.001;
ICPxStage: F=4.6, p=0.002; B) ICP: F=84.4, p<0.001;
ICPxStage: F=4.4, p=0.003; C) ICP: F=43.4, p<0.001;
ICPxStage: F=5.4, p<0.001; D) ICP: F=51.6, p<0.001;

ICPxStage: F=1.1, p=0.346.

Based on the present results and data from others
(Biason-Lauber et al. 2013, Kamrath et al. 2013), we
completed a diagram illustrating the formation and
transplacental transport of conjugated pregnanediols in
pregnancy (Fig.4). We hypothesize that pregnenolone
sulfate of fetal origin is converted to progesterone
in placenta and subsequently also to

200-dihydroprogesterone  during the transplacental
passage. These steroids together with a part of placental
progesterone synthesized from the maternal LDL
cholesterol (Hill et al. 2010a, Hill et al. 2010b) penetrate
into the maternal compartment. Maternal liver and further
tissues gradually convert the progestogens to conjugates
of pregnanolone isomers and pregnanediols with a shift to
the latter substances in ICP patients due to augmented
activity of liver AKR1CI1 converting steroid 20-oxo- to
20a-hydroxy-group. This shift is indicated by more
pronounced differences between patients and controls for
200-dihydroprogesterone then for progesterone (Table 1).
Pregnanolone isomers and possibly also the
pregnanediols are converted to the corresponding
S50/B-reduced C19 CYP17A1 via the
alternative “backdoor” pathway. Whereas our data
reduced CYP17A1 the ICP

patients in the C17,20 lyase step, the balance between

steroids by

indicate activity for
the toxic sulfated pregnanediols and harmless
S0/B-reduced-17-oxo C19 steroids is shifted to the former
substances in these patients. Therefore, more quantities of
toxic steroid metabolites in ICP patients may penetrate
backwards into the fetus. The differences in the mixed
umbilical blood are less pronounced than in the maternal
blood. However, the main noxa, conjugated Sa-pregnane-
30,20a-diol and its unconjugated counterpart are elevated
in the umbilical blood as well. Hence, the altered
catabolism of placental steroids in the maternal but not in
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the fetal compartment is critical for the development of
ICP. Reduced levels of estrone, estradiol sulfate in the
mixed umbilical blood of patients may partly reflect the
lower activity of maternal zona reticularis and perhaps

LDL chol
Preg$ @ Prog20c
Prog
Fetus
Placenta
(FZFA)

“IConjugated
pregnanediols (10-20%)

Risk/harm/death

also the fetal zone of the fetal adrenal (FZFA) due to
hereditary predisposition to lower activities of the
aforementioned tissues as estrogens originate from
androgens.

Fig. 4. Simplified scheme of formation
and transport  of  conjugated
pregnanediols in pregnancy. FZFA —
fetal zone of the fetal adrenal, PregS —

pregnenolone sulfate, LDL chol —
maternal LDL cholesterol, Prog -
progesterone, Prog20a - 20a-
dihydroprogesterone, ZR - zona
reticularis in maternal adrenal cortex,
CYP17A1 - steroid 17-hydroxylase-

Mother
(liver, adrenal
ZR)

1 Conjugated
Pregnanediols (100%)

17,20-lyase, SULT2A1 - steroid
sulfotransferase, AKR1C1 -
subfamily1lC type 1 aldoketoreductase
(20-oxo — 20a-hydroxy).

Pruritus

Maternal zona reticularis (ZR) and liver, backdoor pathway
J CYP17A1 lyase activity, *SULT2A1 activity, “MPAKR1C1 activity
=> J,conjugated reduced 17-oxo-androstanes, ‘P conjugated pregnanediol (di)sulfates

ICP commonly manifests in the third trimester,
and the risk of ICP for the fetus increases with increasing
gestational age. Moreover, the levels of conjugated
pregnanediols also exhibit an increasing trend in this
period (Abu-Hayyeh et al. 2016) and then rapidly
decrease after labor (Reyes 2016). In humans and great
apes, the activity of the FZFA is controlled by the
placental corticoliberin (CRH), the expression of which
exponentially rises with approaching term (Hill ef al.
2010a, Petraglia et al. 2010, Sirianni et al. 2005, Smith
et al. 2009). The attenuated activity of CYP17Al
C17,20-lyase step in ICP patients might be associated
with a reduced expression of the placental CRH in these
subjects as suggested by Zhou et al. (2013). The authors
demonstrate lower CRH expression in the placenta from
ICP patients with an unchanged placental expression of
mRNA for both CRH and the type 1 CRH receptors
(CRH-R1). They also report a considerably slower
increase of circulating CRH levels with advancing
gestation in the ICP group against controls. Millona et al.
(2012) report that BAs strongly inhibit the CYP17Al
expression in mouse liver, which is FXR-dependent.
In addition, Anakk et al. (2011) demonstrate that FXR
and small heterodimer partner (SHP) knockout mice
exhibit strong upregulation of CYPI17A1 mRNA,
CYP17Al protein. At the same time, the knockout mice
show increased circulating 17-hydroxyprogesterone at
suppressed DHEA levels.

The adult zona reticularis is a successor of
FZFA and reinstates its functioning from adrenarche
reaching maximum activity in the second decade and
gradually goes out till senescence (Hill ef al. 2010a, Hill
et al. 2010b, Rege et al. 2016, Sulcova et al. 1997). We
hypothesize, that there is a predisposition to permanently
attenuated CYP17A1 activity for the lyase step in women
with the history of ICP from adrenarche to senescence
irrespectively of the pregnancy status. The reduced
activity of CYP17A1 C17,20-lyase step in ICP patients
might also be associated with an impaired expression of
CYB5 enzyme (Rege et al. 2016) in the maternal zona
reticularis. We have also found attenuated activity of the
CYP17A1 C17,20 lyase step in further pathologies such
as IgA nephropathy (Sterzl et al. 2017), mood and
anxiety disorders (Duskova et al. 2015) and Alzheimer’s
disease (Vankova et al. 2016). This insufficiency was
sometimes accompanied by reduced sulfotransferase
activity (Vankova et al. 2015).

In conclusion, our results indicate persistent
changes in steroid metabolism in women with ICP.
Although we do not directly evaluate enzyme activities,
but data for their
estimation, indicate slightly
the steroid A’
pronouncedly weakened C17,20

used metabolomic
the
C17-hydroxylation in

qualitative
results increased
pathway at
lyase step even
considering that both steps are catalyzed by the same

CYP17A1 enzyme (but on different active sites).
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Whereas the steroid alterations in ICP patients persist in
the puerperium, the circulating steroids could be
potentially utilized in predicting the predisposition to ICP
even in non-pregnant women of fertile age. However,

further studies are needed to confirm this hypothesis.
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