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Abstract

Introduction: Intrahepatic cholestasis of pregnancy (ICP) usually occurs in the third trimester and associated with increased
risks in fetal complications. Currently, the exact cause of this disease is unknown. In this study we aim to investigate the
potential proteins in placenta, which may participate in the molecular mechanisms of ICP-related fetal complications using
iTRAQ-based proteomics approach.

Methods: The iTRAQ analysis combined with liquid chromatography-tandem mass spectrometry (LC-MS/MS) was
performed to separate differentially expressed placental proteins from 4 pregnant women with ICP and 4 healthy pregnant
women. Bioinformatics analysis was used to find the relative processes that these differentially expressed proteins were
involved in. Three apoptosis related proteins ERp29, PRDX6 and MPO that resulted from iTRAQ-based proteomics were
further verified in placenta by Western blotting and immunohistochemistry. Placental apoptosis was also detected by
TUNEL assay.

Results: Proteomics results showed there were 38 differentially expressed proteins from pregnant women with ICP and
healthy pregnant women, 29 were upregulated and 9 were downregulated in placenta from pregnant women with ICP.
Bioinformatics analysis showed most of the identified proteins was functionally related to specific cell processes, including
apoptosis, oxidative stress, lipid metabolism. The expression levels of ERp29, PRDX6 and MPO were consistent with the
proteomics data. The apoptosis index in placenta from ICP patients was significantly increased.

Conclusion: This preliminary work provides a better understanding of the proteomic alterations of placenta from pregnant
women with ICP and may provide us some new insights into the pathophysiology and potential novel treatment targets for
ICP.
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Introduction toxic endogenous substances, including bile acids [7], or xenobi-
otics that reach the maternal circulation [8]. Disturbances to
placental function may challenge this protection. Moreover, a role
for the placenta in the development of ICP has been suggested,
due to the disappearance of pruritus and the normalization of liver
function tests after delivery of the placenta [9,10]. Studies have
also shown that high concentrations of bile acids can induce
apoptosis in the placenta, and the incidence of apoptosis decreases
after treatment with ursodeoxycholic acid (UDCA), which protects
the placenta from the toxic effect of bile acids and commonly used
in the management of ICP [9,11]. All these findings suggest that a
high concentration of bile acids may play a key role in damage to
the placenta, and also participate in the molecular pathogenesis of
ICP and the incidence of adverse fetal outcomes.

Intrahepatic cholestasis of pregnancy (ICP) is the specific
pregnancy-related liver disease which occurs at the third trimester
of pregnancy. ICP is characterized by pruritus and elevated liver
enzymes and/or serum bile acids [1,2], and the disease symptoms
and liver dysfunction resolve quickly after delivery. However, ICP
can lead to complications for both mother and fetus, and is
associated with an increased risk of spontaneous preterm labor,
fetal distress and sudden intrauterine death [3-6]. Currently, the
exact cause of this disease is unknown. The risk of adverse fetal
outcomes is reportedly increased in pregnancies when the
maternal bile acid levels exceed 40 umol/L [6]. Therefore, bile
acids are likely to play a key role in the pathogenesis of ICP.

Under physiological circumstances, the placenta plays a crucial
role in protecting the fetus from the adverse effects of potentially
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However, the mechanisms responsible for placental apoptosis in
ICP patients have not yet been clearly identified. Moreover, it is
not clear whether other pathological changes occur in the placenta
from ICP patients with a high concentration of bile acids.
Identification of the placental proteins which are affected in ICP is
indispensable to our understanding of the complex molecular
background associated with this multifactorial event. To investi-
gate the changes in the proteome of placenta from pregnant
women with ICP, an isobaric tags for relative and absolute
quantification (ITRAQ) - based proteomics approach was
performed in this study. The identification of differentially
expressed proteins may help to facilitate a better understanding
of the molecular mechanisms of ICP-related fetal complications.

Materials and Methods

Patients and tissue samples

Placental tissue samples used in this study were randomly
collected from 4 women with uncomplicated pregnancies and 4
women with pregnancies complicated by ICP in Wuxi Maternity
and Child Health Care Hospital of Nanjing Medical University
between May 2011 and September 2011. All subjects were
primiparous Chinese women with a singleton pregnancy. ICP was
diagnosed in women presenting with classical pruritus associated
with liver dysfunction and raised serum bile acids, both of which
resolved after delivery. All other causes of liver dysfunction,
including preeclampsia, HELLP (hemolysis, elevated liver en-
zymes and low platelets) syndrome, acute fatty liver of pregnancy,
primary biliary cirrhosis, viral hepatitis and any ultrasound
abnormality that may result in biliary obstruction were excluded
[9]. None of the patients received UDCA treatment. The
characteristics of patients and the serum levels of bile acid are
summarized in Table 1. The serum levels of bile acid were
measured at diagnosis time. The placentas were collected from
ICP patients and controls after cesarean section and the tissues
were collected followed a previous published method [12]. Briefly,
five different punches from various areas of each placenta were
pooled randomly immediately after caesarian section, and washed
in cold normal saline to eliminate any contaminating blood. The
placental tissues were then immediately frozen in liquid nitrogen
for proteomics research and western blotting. For immunohisto-
chemistry and TUNEL experiments, placental tissues were fixed in
PBS with 10% formalin for 24 h at 4°C. Then, they were
dehydrated in a graded series of ethanol and embedded in
paraffin. Ethical approval for this study was obtained from the

Table 1. The clinical characteristics of pregnant women with
ICP and healthy pregnant women.

Parameter ICP Control
Age (years) 29.5+4.65 28.7+2.38
Body weight 64.25+5.12 67+3.83
Gestational age (weeks) 36.36+1.17 38.110.88
TBA (umol/L) 87.78+9.62% 3.33+%1.27
ALT (IU/L) 178.98+97.62* 11.25%2.75
AST (IU/L) 138.32+52.25*% 15.25+2.87

TBA, total bile acid; alanine transaminase, ALT; aspartate transaminase, AST;
Statistical analysis was performed using t-tests; *P<<0.05 was considered
significant.

doi:10.1371/journal.pone.0083281.t001
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Institutional Review Board of Nanjing Medical University and all
participants signed an informed consent form.

Protein lysis, digestion and labeling with 8-plex iTRAQ
reagents

To extract proteins from placental samples, frozen tissues were
dissolved in a lysis buffer containing 7 M urea, 2 M thiourea, 2%
(w/v) DTT and 1% (v/w) protease inhibitor cocktail at 4°C for
1 h, and then insoluble molecules were removed by centrifugation
at 40,000 g for 1 h at 4°C. The supernatant was collected, and
protein concentration was determined by the Bradford method
using bovine serum albumin (BSA) as the standard as described
previously [13]. Trypsin digestion and iTRAQ Ilabeling were
performed according to the manufacturer’s protocol (Applied
Biosystems, Foster City, CA, USA). Briefly, 100 pg protein from
each sample was reduced, alkylated and then digested overnight at
37°C with trypsin (mass spectrometry grade; Promega, Madison,
WI, USA) for 12 h, and labeled with iTRAQ reagents (Applied
Biosystems) as follows: ITRAQ tag 113, control-1; 114, control-2;
115, control-3; 116, control-4; 117, patient-1; 118, patient-2; 119,
patient-3 and 121, patient-4. The proteins were then mixed and
dried using Labconco CentriVap system 79700 (Labconco
Clorporation, MO, USA) according to the manufacturer’s protocol
at 1500 rpm for about 3 h at 4°C.

SCX fractionation

Labeled peptide mixtures were resuspended in SCX chroma-
tography Buffer A (10 mM NH,COOH, 5% ACN, pH 2.7) and
loaded onto a strong-cation exchange column (I mm ID x10 cm
packed with Poros 10 S; DIONEX, Sunnyvale, CA, USA) for
fractionation. Fractionation was performed using a linear salt
gradient ammonium formate a flow-rate of 50 pl/min as follows:
0% to 30% B (800 mM NH,COOH, 5% ACN, pH 2.7) for
21 min; 30% to 56% B for 7 min; 56% to 100% B for 1 min;
100% B for 3 min; 100% to 0% B for 1 min; 0% B for 20 min
before the next run, effluents were monitored at 214 nm based on
the UV-light trace, and fractions were collected every 2 min; a
total of 20 fractions were obtained.

LC-MS/MS analysis

The twenty fractions were sequentially loaded onto a u-
precolumn ™ cartridge (0.3x5 mm, 5 pm, 100 A; DIONEX) at
a flow rate of 20 ul/min. The trap column effluent was then
transferred to a reverse-phase  microcapillary  column
(0.075x150 mm, Acclaim® PepMapl00 C18 column, 3 um,
100 A; DIONEX). Reverse-phase separation of peptides was
performed using the following buffers: 2% ACN, 0.5% acetic acid
(buffer A), and 80% ACN, 0.5% acetic acid (buffer B); a gradient
was used (4% to 9% buffer B for 3 min, 9% to 33% buffer B for
170 min, 33% to 50% buffer B for 10 min, 50% to 100% buffer B
for 1 min, 100% buffer B for 8 min, 100% to 4% buffer B for
1 min).

Peptide analysis was performed using LTQ Orbitrap Velos
(ThermoFisher Scientific, San Jose, CA, USA) coupled directly to
a LC column. An MS survey scan was obtained for the m/z range
350-1800, and ion trap collision-induced dissociation (CID)-MS/
MS spectra were acquired from the survey scan for the 8 most
intense ions, followed by higher-energy collision dissociation
(HCD)-MS3 fragmentation of the most intense fragment ion in
an m/z range between 400-800 of each of the 8 most intense ions
(as determined by Xcalibur mass spectrometer software in real
time). Dynamic mass exclusion windows of 60 s were used;
siloxane (m/z 445.120025) was used as lock mass.

December 2013 | Volume 8 | Issue 12 | e83281



Comparative Proteomics Analysis in ICP

Protein identification and quantification

Peak lists were generated using the software of the mass
spectrometer. The raw files were used to search the International
Protein Index (IPI) human proteome database (version 3.83;
93289 sequences) [14] using MaxQuant (version 1.2.2.5) [15]. A
common contaminants database was also included for quality

PLOS ONE | www.plosone.org

Table 2. Differentially expressed proteins in the placenta tissue from pregnant women with ICP and healthy pregnant women
identified by iTRAQ labeling-based proteomics.

Fold change (P: C Expression
Accession no. Gene name Protein name ratio) P value change
IPI00000643 BAG2 BAG family molecular chaperone regulator 2 9.9 1.3E-02 Up
1P100032328 KNG1 Isoform HMW of Kininogen-1 77 3.7E-02 Up
IPI00947127 LDHA L-lactate dehydrogenase A chain isoform 3 3.7 4.9E-02 Up
IP100968077 AFP Alpha-fetoprotein 34 1.3E-02 Up
IPI00031479 PDIA5 Protein disulfide-isomerase A5 2.8 2.8E-02 Up
1P100022229 APOB Apolipoprotein B-100 2.8 3.3E-02 Up
1P100022977 CKB Creatine kinase B-type 2.7 2.1E-02 Up
IP100917938 SERPINE2 glia-derived nexin isoform ¢ precursor 2.5 8.7E-03 Up
IP100216008 G6PD Isoform Long of Glucose-6 -phosp-hate -dehydrogenase 25 2.8E-02 Up
IPI00007118 SERPINE1 Plasminogen activator inhibitor 1 25 1.6E-02 Up
IPI00945633 SSR1 Uncharacterized protein 2.2 4.6E-03 Up
IP100024911 ERp29 Endoplasmic reticulum resident protein 29 2.0 1.2E-02 Up
IPI00479186 PKM2 Isoform M2 of Pyruvate kinase isozymes M1/M2 2.0 2.4E-02 Up
IPI00013475 TUBB2A Tubulin beta-2A chain 1.9 3.0E-03 Up
IPI00465248 ENO1 Isoform alpha-enolase of Alpha-enolase 1.8 2.6E-02 Up
IP100009904 PDIA4 Protein disulfide-isomerase A4 1.8 1.1E-02 Up
1P100000105 MVP Major vault protein 1.8 1.3E-02 Up
IP100018335 FLT1 Isoform FIt1 of Vascular endothelial growth factor receptor 1 1.8 4.5E-02 Up
IP100219018 GAPDH Glyceraldehyde-3-phosphate dehydrogenase 1.8 2.4E-02 Up
1P100023598 TUBB4 Tubulin beta-4 chain 1.7 4.3E-02 Up
1P100220301 PRDX6 Peroxiredoxin-6 1.7 1.8E-02 Up
IPI00477729 ACOX1 Isoform 2 of Peroxisomal acylcoenzyme A oxidase 1 1.7 4.0E-02 Up
IP100011229 CTSD Cathepsin D 1.7 2.8E-02 Up
IPI00000816 YWHAE Isoform 1 of 14-3-3 protein epsilon 1.7 4.6E-02 Up
IP100217766 SCARB2 Lysosome membrane protein 2 1.6 4.2E-02 Up
IPI00031420 UGDH UDP-glucose 6-dehydrogenase 1.6 4.6E-02 Up
IP100216691 PFN1 Profilin-1 1.6 2.1E-02 Up
IP100304866 TNFAIP2 Tumor necrosis factor alpha-induced protein 2 1.6 2.5E-02 Up
1P100009923 P4HA1 Isoform 1 of Prolyl 4-hydroxylase subunit alpha-1 1.5 3.4E-02 Up
IP100236556 MPO Isoform H7 of Myeloperoxidase 35 5.9E-03 Down
IPI00456534 TTC7B Isoform 2 of Tetratricopeptide repeat protein 7B 1.7 2.1E-02 Down
IP100329482 LAMA4 Isoform 1 of Laminin subunit alpha-4 1.7 2.9E-02 Down
IPI00070943 PI4KA Isoform 1 of Phosphatidylinositol 4-kinase alpha 1.7 1.5E-03 Down
IPI00790445 ANO6 anoctamin-6 isoform d 1.6 1.1E-02 Down
IPI00307017 LNPEP Isoform 1 of Leucyl-cystinyl aminopeptidase 1.6 1.1E-02 Down
1P100059279 EXOC4 Exocyst complex component 4 1.5 1.9E-03 Down
IP100002406 BCAM Basal cell adhesion molecule 15 4.7E-02 Down
IP100026944 NID1 Isoform 1 of Nidogen-1 15 2.9E-02 Down
The table contains quantitative information for proteins which were at least > 1.5-fold upregulated or at least <0.67-fold downregulated in pregnant women with ICP (P)
compared with healthy pregnant women (C), as defined in the experimental procedures. The key proteins verified by Western blot and immunohistochemisty analysis
were highlighted in bold. The corresponding average ratios between the two groups (P:C) were given.
doi:10.1371/journal.pone.0083281.t002

control. A reverse strategy was used to estimate the false discovery
rate. Enzyme specificity was set as Trypsin/P (no Proline
restriction); the maximum number of missed cleavage sites
permitted was two. The minimum peptide length required was
six. Carbamidomethylation of cysteine (+57 Da), and 8-Plex
iITRAQ modification of N-term (+304 Da) and K (+304 Da) were
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set as fixed modifications, and oxidized methionine (+16 Da) was
set as a variable modification. Mass tolerance for precursor ions
and fragment ions were set to 20 ppm and 0.5 Da, respectively.
The site, peptide and protein false discovery rates (FDR) were set
to 0.01.

Protein quantification was calculated by combining the
MaxQuant identification results with local Libra quantification
algorithm [16], except that the quantification signals were
extracted from the corresponding HCD-MS3 spectra. For the
identification of differentially expressed proteins, the cutoffs for the
fold change and P value (Student’s t-test) were set to 1.5 and 0.05,
respectively.

Bioinformatic analysis

To obtain an overview of the expression levels of the
differentially expressed proteins, 38 differentially expressed pro-
teins from ICP and healthy pregnant women from iTRAQ data
were analyzed by a hierarchical clustering method using MeV [17]
(Table 2). An analysis of cellular processes influenced by
differentially expressed proteins from ICP and healthy pregnant
women was performed using PathwayStudio (v7.00) software
(Ariadne Genomics, Inc. Rockville, MA) [18]. The cellular
processes influenced by the differentially expressed proteins were
determined by searching the database for the imported genes/
proteins and for cellular processes in which the imported genes/
proteins are involved. Each identified cellular process was
confirmed manually using the relevant PubMed/Medline hyper-
linked abstracts.

Comparative Proteomics Analysis in ICP

Western blotting

Frozen tissues from 4 pregnant women with ICP and 4 healthy
pregnant women were dissolved in a lysis buffer for protein
extraction as described above, and samples containing 100 pug of
protein from placental tissues of 4 ICP paitents and 4 normal
controls were electrophoresed on a 12% SDS polyacrylamide gel
and transferred to a nitrocellulose membrane (GE Healthcare, San
Francisco, CA, USA). The membranes were blocked in Tris-
buffered saline (IBS) containing 5% non-fat milk powder for 1 h,
and incubated overnight with anti-ERp29 (ab42002, 1:150;
Abcam, Cambridge, MA, USA), anti-MPO (ab45977, 1:500;
Abcam), anti-PRDX6 (ab59543, 1:500; Abcam) and anti-Tubulin
(ab6046, 1:1000; Abcam) antibodies diluted in TBS/5% non-fat
milk powder. Tubulin was used as a loading control. The
membranes were washed three times (10 min each) with TBS
and incubated for 1 h with horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG (1:1000; Beijing ZhongShan
Biotechnology, Beijing, China). Specific proteins were detected
using an ECL kit and Alphalmager (FluorChem5500; Alpha
Innotech). The protein expression levels were analyzed using
AlphaEaseFC software (Alpha Innotech, San Leandro, CA, USA).

Immunohistochemistry

Formalin-fixed tissues from 4 pregnant women with ICP and 4
healthy pregnant women were embedded in paraffin, sectioned at
5 um, and mounted on silane-coated slides. The sections were
dewaxed and rehydrated through descending grades of alcohol to
distilled water, followed by blocking of endogenous peroxidase
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Figure 1. Cluster analysis of differentially expressed proteins in the placental tissue from pregnant women with ICP and healthy
pregnant women. Hierarchical cluster analysis for the 38 differentially expressed proteins displaying significantly altered expression levels in the
placental tissue from pregnant women with ICP and healthy pregnant women. “N” represents healthy pregnant women and “P"” represents pregnant
women with ICP. The protein expression levels are shown as colored boxes; red indicates a high expression level and green indicates a low expression

level.
doi:10.1371/journal.pone.0083281.g001
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Figure 2. Bioinformatic analysis of differentially expressed proteins in the placental tissue from pregnant women with ICP and
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using 3% (v/v) hydrogen peroxidase in phosphate buffered saline
(PBS). The sections were subjected to microwave antigen retrieval
in 0.02 M EDTA, washed in PBS and blocked with goat serum
(Beijing  ZhongShan Biotechnology) for 2 h, then incubated
overnight at 4°C with anti-ERp29 (1:200), anti-MPO (1:200)
and anti-PRDX6 (1:200). Following three washes in PBS, the
sections were incubated with HRP-conjugated secondary antibody
(1:1,000; Beijing ZhongShan Biotechnology) for 1 h at room
temperature. Immunoreactivity was demonstrated using diamino-
benzidine (Beijing ZhongShan Biotechnology) for increased
sensitivity, which produced a brown insoluble precipitate at
immunopositive sites. Sections were counterstained with hema-
toxylin and mounted with a cover glass. The negative controls
were incubated with a solution that was devoid of any primary
antibody. All immunostained sections were evaluated in a blinded
manner by two observers.

PLOS ONE | www.plosone.org

Assessment of placental apoptosis using the TUNEL assay

In order to investigate the appearance of apoptosis in the
placental tissue from pregnant women with ICP, we quantified the
apoptotic index in the placenta using TUNEL assay. Paraffin-
embedded tissues were sectioned at 5 wm. Sections were then
stained using the ApopTag in situ apoptosis detection kit
(Millipore Corp, San Francisco, CA, USA) according to the
manufacturer’s instructions as described previously [19]. All the
sections were evaluated in a blinded manner by two observers. For
the assessment of apoptosis, ten high-power fields (x400 magni-
fications) were selected randomly in each specimen, and nuclear
staining of trophoblastic cells was examined; the number of
TUNEL-positive cells/field was counted to represent the apoptotic
index [20].
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Figure 3. Western blot analysis of PRDX6, ERp29 and MPO in the placental tissue from pregnant women with ICP and healthy
pregnant women. The expression levels of PRDX6 and ERp29 were significantly upregulated, whereas MPO was significantly downregulated in
placenta from pregnant women with ICP compared to that in placenta from healthy pregnant women (P=0.002, P=0.018 and P=0.009,
respectively); B-tubulin was used as an internal control. (*P<<0.05; **P<<0.01).

doi:10.1371/journal.pone.0083281.g003

Statistical analysis

Statistical analysis was performed using SPSS software 16.0
(SPSS Inc., Chicago, IL, USA). The data was analyzed using
Student’s t-test and one way analysis of variance. The results were
expressed as the mean = SE. A P-value less than 0.05 was
considered statistically significant.

Results

The clinical characteristics of pregnant women with ICP
and healthy pregnant women

The clinical characteristics of 4 pregnant women with ICP and
4 healthy pregnant women were summarized in Table 1.
There were no significant differences in the maternal ages,
body weight between ICP group and normal control group
(P>0.05). Although the delivery weeks of pregnant women
with ICP were slightly earlier, there was no significant difference
between pregnant women with ICP and healthy pregnant
women (36.36*1.17 vs. 38.11%0.88, P>0.05). However, the
levels of total bile acid (IBA), alanine transaminase (ALT)
and aspartate transaminase (AST) in pregnant women with
ICP were significantly higher than that in healthy pregnant
women (87.78%£9.62 umol/L vs 3.33%1.27 umol/L, 178.98 1U/
L *+97.62 IU/Lvs 11.25%2.75 TU/L and 138.32%52.25 IU/L vs
15.25%£2.87 IU/L; P<0.05, respectively) (Table 1).

PLOS ONE | www.plosone.org

Identification of differentially expressed proteins in the
placental tissue from pregnant women with ICP and
healthy pregnant women by iTRAQ Labeling and LC-MS/
MS

2120 proteins (7399 peptides) were identified in the placental
tissues from pregnant women with ICP and healthy pregnant
women by iTRAQ and LC-MS/MS. 38 differentially expressed
proteins were separated, of them 29 were upregulated and 9 were
downregulated in placenta from pregnant women with ICP
(Table 2). Cluster analysis was performed to characterize the
specific and unique expression patterns of the 38 differentially
expressed proteins, it displayed the significantly altered expression
levels of the proteins in pregnant women with ICP and healthy
pregnant women (Fig. 1). To gain a better understanding of the 38
proteins identified in this study, a detailed analysis of cellular
processed influenced by these proteins was performed using
PathwayStudio™ software. As shown in Fig. 2, most of the
identified proteins were functionally related to specific cell
processes, including apoptosis, oxidative stress, lipid metabolism,
cell cycle, immune response, cell proliferation and cell growth. Of
them, endoplasmic reticulum protein 29 (ERp29), peroxiredoxin 6
(PRDX6) and myeloperoxidase (MPO) are apoptosis related
proteins.
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Western blot and immunohistochemical analysis of
protein identity

Western blot analysis and immunohistochemistry were per-
formed to validate the proteomic findings. ERp29, PRDX6 and
MPO are apoptosis related proteins and have not been
investigated in the pathogenesis of ICP, we then further verified
the roles of ERp29, PDRX6 and MPO in the pathogenesis of ICP.
The expression levels of ERp29 and PRDX6 were significantly
increased, and the expression level of MPO was significantly
reduced in the placenta from pregnant women with ICP
compared to that in the placenta from healthy pregnant women
measured by western blot (Fig. 3, P<<0.05; respectively). We also
performed immunohistochemical analysis to define the cellular
location of these proteins in human placenta. As shown in Iig. 4,
all three proteins were expressed predominantly in the cytoplasm
and/or nucleus of the syncytiotrophoblastic and/or cytotropho-
blastic cells of human placental tissue. The expression patterns of
the three proteins were consistent with the MS and Western blot
analysis.

Apoptosis was increased in the placenta from pregnant
women with ICP

As above our above proteomic results showed the expression of
apoptosis related proteins were changed, we then further
investigated the appearance of apoptosis in the placenta from
pregnant women with ICP. As shown in Fig. 5, there were few
TUNEL-positive cells in the placental tissue from healthy
pregnant women (A), whereas TUNEL-positive cells in tropho-
blasts were significantly increased in the placental tissue from
pregnant women with ICP (B) quantified by TUNEL assay.

PLOS ONE | www.plosone.org

Discussion

To better understanding the pathogenesis of ICP, an iTRAQ-
based proteomics approach was performed in this study. Our
findings suggested that a total of 38 differentially expressed
proteins were identified, of them 29 were upregulated and 9 were
downregulated in placenta from pregnant women with ICP. The
hierarchical cluster analysis also revealed significantly altered
protein expression patterns between pregnant women with ICP
and healthy pregnant women. Bioinformatic analysis revealed that
most of the 38 proteins were functionally related to specific cell
processes, including apoptosis, oxidative stress, lipid metabolism,
cell cycle, immune response, cell proliferation and cell growth. Jing
et al. [21] have identified differentially expressed genes in the
placental tissues of ICP patients compared with normal controls,
and most of the differentially expressed genes were involved in
apoptosis, cell growth, immune response and transportation,
which were almost consisted with our LC-MS/MS data. To the
best of our knowledge, this is the first report of a proteomics-wide
analysis of protein expression in placenta from pregnant women
with ICP. Our findings provided the evidences that placental
apoptosis, growth dysfunction, as well as immune maladaptation
and disordered lipid metabolism were important pathophysiology
of ICP and were possibly participated in the pathogenesis of ICP.

To validate the proteomic result and further investigate the
preliminary function of the identified proteins, based on the
availability of antibodies three apoptosis related proteins, ERp29,
MPO and PRDX6 which have not been investigated in the
placenta from pregnant women with ICP were chosen for further
analysis. The expression patterns of the three proteins were
analyzed by Western blot and immunohistochemical analysis, and
the results confirmed that PRDX6 and ERp29 were upregulated,
whereas MPO was downregulated in ICP, compared to controls,
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Figure 5. Comparison of the incidence of apoptosis in placenta from pregnant women with ICP compared to that in placenta from
healthy pregnant women (x400). TUNEL assay demonstrated the incidence of apoptosis in placenta from pregnant women with ICP was higher
than that in placenta from healthy pregnant women (A and B). Semi-quantitative analysis indicated there was significantly higher incidence of

apoptosis in placenta from pregnant women with ICP (P=0.007) (C).
doi:10.1371/journal.pone.0083281.g005

which confirming the LC-MS/MS data (P<0.05, respectively;
Fig. 3 and Fig. 4). We also demonstrated increased apoptosis in the
placental tissue of ICP patients (Fig. 5), which may be the primary
pathological event and result in damage to the trophoblast
structure and function of placenta causing reduced oxygen and
nutrient transfer to the fetus and finally result in the incidence of
adverse fetal outcomes. However, the mechanism of apoptosis was
not clearly indentified.

Recently, the protein ERp29 has gained much research interest.
ERp29 1s a recently identified endoplasmic reticulum protein
which is associated with the induction of apoptosis and oxidative
stress [22]. Studies have demonstrated that ERp29 can activate the
pathways which mediate caspase activation and apoptosis [23].
Overexpression of ERp29 may result in GO/G1 arrest and inhibit
breast cancer cell proliferation [24]. Using proteomic analysis,
Fang et al. identified that elevated ERp29 expression may be
responsible for the apoptosis induced by curcumin in MCF-7
breast cancer cells [25]. Moreover, increased expression of ERp29
was detected in the placenta from women with preeclampsia using
proteomics analysis and it may relate to the oxidative stress and
apoptosis [26]. In this study, we also observed significantly
increased ERp29 expression in the placenta of ICP patients,
which suggested that overexpression of ERp29 may play a key role
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and participate in the induction of apoptosis in the placental tissue
of ICP patients.

PRDX6 is a novel peroxidase enzyme, and an anti-oxidant
protein. Oxidative stress can induce PRDX6 expression [27].
Overexpression of PRDXG6 protects cells against oxidative damage
and inhibits apoptosis in lung epithelial cells [28]. Downregulation
of PRDX6 in a lung epithelial cell line resulted in increased
sensitivity to oxidants and apoptosis [29]. In our study, overex-
pression of PRDX6 was observed in the placental tissue of ICP
patients. We speculate that overexpression of PRDX6 may be a
compensatory response in human body, which may play an ant-
oxidant role and protect the placenta against oxidative damage
and apoptosis in ICP patient. MPO is a peroxidase enzyme and
abundantly expressed in neutrophil granulocytes. It functions to
prevent apoptosis through inhibition of caspase-3 activation [30].
Overexpression of MPO has been detected in ovarian cancer, and
silencing of MPO gene expression induced apoptosis in cancer
cells through activation of caspase-3 [31]. Our observation that
MPO is downregulated in ICP patients provides evidence that a
reduction in the anti-apoptotic effect of MPO is associated with
increased apoptosis in the placenta of ICP patients.

High concentrations of bile acids can induce several morpho-
logical abnormalities including increased number of syncytial
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knots [9,32], and increased expression of apoptotic markers in the
placental tissues in vivo and in vitro [1,9]. It should be noted that
although the vivo study in rodent model with cholestasis was much
more acute and severe than is usually seen in patients with ICP,
the findings is meaningful for investigation of the pathophysiology
of ICP. Syncytial knots are thought to be sequestrations of
degenerating nuclei and proposed to represent areas of increased
apoptosis. The number of syncytial knots is increased in several
pregnancy complications including pre-eclampsia, diabates and
ICP, which were associated with increased placental apoptosis
[9,32]. Studies also reported that the syncytial knot formation was
the effects of bile acids on placental morphology in ICP [9,32],
and apoptosis played a key role in the bile acid-induced
morphological abnormalities [9]. All these findings suggested that
placental apoptosis induced by high concentrations of bile acids is
one of the mechanisms response to development of ICP and the
pathophysiology of fetal complications. In this study our data
showed that the expression of ERp29 and PRDXG6 levels were
increased, and the expression level of MPO was reduced in
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placenta from pregnant women with ICP. Our data also showed
TUNEL-positive trophoblast cells in placenta from pregnant
women with ICP were significantly increased, suggesting ERp29,
PRDX6 and MPO are involved in the apoptosis in ICP.

In conclusion, our preliminary data using an iTRAQ-based
proteomics approach indicates that ERp29, MPO and PRDX6
might play key roles in placental apoptosis in ICP patients. These
results might provide us some new insights into the pathophys-
iology and potential novel treatment targets for ICP. However, our
study is a preliminary work with the limitation that the data was
based on a small number of samples. So, we will perform further
study with expanded cohort in future, which will contribute to
shedding light on the target treatment of ICP.
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