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Abstract
Background

Intrahepatic cholestasis of pregnancy (ICP) is a liver disease that speci�cally occurs during pregnancy. Pregnant
women with ICP biochemically re�ect elevated liver functions and increases in serum bilirubin levels, while
clinically individuals can display symptoms of itching and have elevated risks of preterm delivery and stillbirths.
We hypothesized that there linkages between gut microbiota and ICP progression exist and could be
scienti�cally characterized.

Methods

In total, 27 patients with ICP and 31 una�icted control patients were recruited in this study. We performed 16S
rRNA gene amplicon sequencing on gut microbiota from individual fecal samples. Sequencing data was
analyzed and the correlations between components of microbiota and patient ICP status were tested. Relative
abundances, related metabolic pathways, and signi�cantly different OTUs between ICP and control patients
were identi�ed.

Results

Biochemical indices including measures for bile, ALT, AST, Dbil, and Tbil, and these were found to at higher levels
in ICP versus control patients. Gut microbiota in pregnant women was dominated by four major phyla and 27
core genera. PCoA analysis results indicated that there was marginal signi�cant clustering in unweighted
Unifrac distance matrices. A moderate correlation coe�cient was observed between speci�c OTUs and
measured clinical parameters of patients. When comparing relatively rare microbiota taxa, the abundance of
Butyricimonas was lower, while Citrobacter, Pseudomonas, Streptococcus, and Weissella were higher in ICP
patients than in control patients. No signi�cant differences in the pathways between ICP and control patients
were identi�ed.

Conclusions

Our research indicated that patients with ICP have altered phylogenetic gut microbiota pro�les compared to
control patients without ICP, and that the composition was associated with measurements of patient clinical
parameters. These alterations may be correlated with variations of the levels of patient enteric bile acids, and
may play a role in the progression of ICP.   

Background
Intrahepatic cholestasis of pregnancy (ICP) is a common liver disease that occurs during pregnancy. Global
incidence of ICP has been reported to vary at levels fro,  from 0.2 % to 2 % depending upon the sample region
and ethnicity (1). Typical symptoms of ICP include itching without a rash that is typically localized to the soles
of the feet and palms of the hands. Symptoms also include elevated levels of both liver enzymes and serum
bilirubin. Fetal complications are more signi�cant compared to strictly maternally associated complications. In
2014, a large prospective national cohort in the United Kingdom was examined and results indicated that
women with severe ICP had signi�cantly elevated risks of preterm delivery, stillbirth, and admissions for
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treatment into neonatal units compared to una�icted controls (2). Other symptoms that can affect the fetus as
a result of ICP a�iction in pregnant women include meconium-stained amniotic �uids, neonatal depression, and
respiratory distress syndrome (3-5).

Although underlying mechanisms of ICP are not fully understood, several factors have been identi�ed as being
important. Reproductive hormones that encompass estrogens and progesterones have been implicated in the
dynamics of pathogenesis of ICP. Several studies that have examined data for  animal based models have
unveiled the dynamics behind cholestatic effects of estrogen and its impact on hepatotoxity (6-8). Researchers
also found that the levels of progesterone metabolites were higher in ICP a�icted patients versus una�icted
patients, implying an adverse association (9). A genetic link has also been suggested for patients a�icted with
ICP, as it was found that patients with a family history of ICP had a higher risk of recurrence of ICP and
symptoms than did than sporadic patients without such family histories (92 % versus 40 %) (10). Moreover,
several genetic variants that are normally mainly involved in the dynamics of bile acid synthesis and in transport
pathways have been implicated in as playing important roles in relation to ICP. Chief among these variants are
mutations in the hepatocellular transport protein ABCB4 (MDR3), which was been found   for more than 15 % of
ICP cases in one study (11). There is also evidence that helps to support and which may prove that
environmental factors also play important roles in the dynamics of ICP. A cross-sectional cohort study which
occurred for patients in Chile had results that indicated that the prevalence of ICP was associated with seasonal
variation, with the lowest recorded incidences of ICP in summer months. This seasonal variation was found to
coincide with higher levels of plasma Selenium concentrations in summer compared to other months,
supporting the implication that  nutrition is an important factor in the dynamics of pathogenesis of ICP (12).

The dynamics of the relationship between gut microbiota and health has been increasingly extensively studied
in recent years. As one of the most important  factors related to individual health, gut microbiota have been
implicated to play important roled in the dynamics of metabolism and in the level of immunity of hosts (13).
Some of the species of gut microbiota have been demostrated to be able to provide easily absorbed short-chain
fatty acids from fermenting dietary �ber; others can synthesize vitamins as well as metabolize bile acids and
sterols as to bene�t the hosts (14). Disturbances of the balance of the �ora making up gut microbiota are have
been found to be related to various diseases including in�ammatory disorders, obesity, and colon cancer (15).

Crosstalk between gut microbiota and metabolism of bile acids has recently become increasingly intensively
studied. Gut microbiota are involved in several processes that are improtant in the dynamics of metabolism of
bile acids by deconjugation of glycine or taurine from bile acid to prevent its reuptake through the small
intestine. Deconjugated primary bile acids instead enter the colon, where they can be metabolized into
secondary bile acids through the coutrse of a series of enzymatic reactions. These reactions involve CYP7A1,
CYP7B1, and CYP27A1 (16), which are regulated by bacteria mainly from the genera of Clostridium and
Eubacterium belonging to within the Firmicutes phylum (17). Gut microbiota can also regulate bile acid
synthesis indirectly via their in�uences upon receptors including FXR and FGF19 (16). At the same time, bile
acids or FXR could help to regulate the gut microbiota community. As a detergent, bile acid is likley to be able to
destroy the bacterial membrane, while also inducing transcription of anti-microbial factors through FXR, iNOS
and IL-18 to induce an immune response (18). The dysregulation of microbiota-bile acid interactions also occurs
in pathological states, including diet induced obesity (19), cholestatic liver disease (20), gastrointestinal
in�ammation, and carcinogenesis (21).  
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To understand whether or not gut microbiota was associated with ICP, we collected fecal samples from pregnant
women diagnosed with ICP and from healthy women as the control samples. We extracted DNA from individuals
stool samples and conducted 16S rRNA sequencing. We hypothesized that several potentially pathogenic
bacteria, including Enterobacteriaceae and Streptococcus would have increased levels of prevalence and that
contrastingly the butyric acid producing bacteria Butyricimonas would be inhibited in patients with ICP. The
examinations of potential changes in microbial diversity might help to contribute to a better understanding of
the progression of ICP and thus help to lead to better preventive measures and treatment options for patients
a�icted with ICP.

Methods
Study Participants

This study was performed at the First A�liated Hospital of Chongqing Medical University, China, between May,
2015 and February, 2016 with approval of all study aspects granted from the hospital Ethics Committee. Written
informed consent were collected from all participating patients.

In total we collected samples from 27 individual patients that were con�rmed to be a�icted with ICP. ICP was
diagnosed and classi�ed according to the following criteria: severe pruritus without rash; notably elevated
concentrations of maternal serum bile acids (> 10 μM); absence of de�nitive itching-causing diseases; absence
of other liver-damaging diseases, such as gallstones, hepatotoxic drug consumption, hepatitis, and
in�ammatory bowel diseases among others.; and no smoking and or drinking histories. Thirty-one age and BMI
matched pregnant women una�icted by ICP were recruited as controls for the study. 

Sampling

A stool sample from each individual was collected after ICP diagnoses were con�rmed during pregnancy or were
collected during consultations and before delivery of the child (for the control samples). After collection,
samples were stored at -80 ℃ until further processed. Blood samples were also collected after patients fasted
and at the same time such as to allow comparative examinations of biochemical parameters including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total serum bilirubin (Tbil), and direct bilirubin (Dbil).

Stool DNA Extraction and Sequencing

DNA was extracted from stool samples following standard protocols and procedures (22). We targeted and
quanti�ed the levels of expression of amplicons of 16S rDNA resultant from the V3 and V4 regions for all
quali�ed DNA samples. Amplicons were sequenced using the Miseq platform and 300-PE-cycles based upon
standard protocols described in the literature (22).

Bioinformatics and Statistical Analysis

We performed quality control on sequenced reads with the use of an in-house developed software, which �ltered
for low-quality data, ambiguous bases, low complexity of reads, and adapter reads as has been previously
described (22).  PE-reads with acceptable levels of quality were then assembled into tags. Operational
taxonomic units (OTUs) were clustered using a ≥97 % similarity threshold for tags with Uparse (version
7.0.1090) using all default settings in the Uparse OTU analysis pipeline program (23). OTUs were taxonomically
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annotated using a bootstrap cutoff of 80 %, which is level that has been previously used in similarly oriented
studies (24, 25). Alpha diversity was calculated using Mothur (version 1.31.2) (26). Corresponding rarefaction
curves and box graphs and or histograms were plotted through use of R statistics software (27). Beta diversity
was measured by Bray-Curtis, weighted , and unweighted UniFrac calculations with the function
“beta_diversity.py” in the QIIME pipeline (28). A heatmap for beta diversity was produced using the R 'aheatmap'
function within the 'NMF' package. Principal coordinate analysis (PCoA) analysis was performed using QIIME
and an iterative algorithm, with 75 % of the total sequences randomly extracted after iterations which
producedweighted and or unweighted species classi�cations and information about abundance. The results
from PCoA were plotted using GraphPad Prism 5 software (29).  Linear Discriminant Analysis Effect Size
(LEfSe) (30) and Picrust (31) were performed to determine if there weredifferences in OTUs between
comparisons of ICP and control patients and to predict the functional contents of the metagenome.

The relative abundance at 95 % con�dence intervals for differences between ICP and control patients at a series
of taxonomic levels was calculated by using a non-parametric Mann-Whitney test or by using the Benjamini-
Hochberg approach for determination of the false discovery rate (FDR) and the corresponding applied
correction. Spearman's rank correlation coe�cients were compared between OTUs and six biochemical
parameters (ALT, AST, bile, Tbil, Ibil, and Dbil) were quanti�ed and compared using the cor.test function in the R
Statistics suite with all default pararmeters. All biochemical parameters were expressed as the median and
interquartile range (IQR). Non-parametric Mann-Whitney tests with resultant p-values < 0.05 were considered as
statistically signi�cant between comparisons of ICP and control patients. We used the Geom_boxplot and
geom_jitter functions in the ggplot2 package in R statistics in order to draw results for the six biochemical
parameters. We used the VennDiagram package and method to map OTUs in the form of a Venn diagram.
Lastly, we used a Euclidean based distance algorithm and used “complete” clustering methods in R statistics in
order to draw a phylogenetic tree at the level of taxonomic organization of Genus.

Results
Study Subject Characteristics

In total 27 ICP patients and 31 control patients were enrolled in our study. Basic clinical information for subjects
is summarized in Table 1 and Figure 1, in which the ages were equivalent between ICP and control patients. ICP
patients were sampled at ~ 35.4 weeks while the control patients were sampled at ~39.4 weeks. Median values
of bile, ALT, AST, Dbil, and Tbil were all signi�cantly higher in ICP versus control patients (Figure 1, Table 1), Ibil
median values for ICP patients were ~ two times higher than were the values in control patients (3.5 versus 1.7).

Table 1. Study subject characteristics.
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  ICP(n=27) Control(n=31)  

  Median IQR Median IQR p-value

Age 28 7 29 6 0.5573

Sampling pregnancy weeks 35.4 3.5 39.4 2 1.97E-09

Bile (μmol/L) 26.6 57.1 8.1 3.3 2.56E-07

Total serum bilirubin (μmol/L) 15.3 12 6.5 2.9 7.18E-08

Indirect bilirubin (μmol/L) 3.5 4.3 1.7 5.2 0.08912

Direct bilirubin (μmol/L) 10.6 11 4.6 3.8 7.84E-08

Aspartate aminotransferase (U/L) 104 164 19 3 1.69E-06

Alanine aminotransferase (U/L) 168 285 17 9 1.28E-06

 

Characterizing Gut Microbiota in Women with ICP and controls

16S rRNA amplicon-based microbiome analysis was performed on stool samples from 27 ICP and 31 healthy
control patients. After sequencing using the Miseq platform and preliminary data processing, clean reads were
assembled into tags. Similar numbers of tags (on average 89265 ± 17127 tags for each ICP patient and 90964 ±
13947 tags for each control patient) were clustered into OTUs. There were no signi�cant differences for the
identi�ed OTUs in comparisons between the two groups (median = 234 for ICP and 238 for control patients,
Figure S1A). Alpha diversity analyses revealed that the number of OTUs in ICP patients was 9.8 % lower than
were the resultant number of OTUs for control patients (p = 0.0165). Alpha rarefaction curves of numbers of
observed OTUs for both patient groups showed a gradual leveling off by 60,000 sequences, while our sequences
did not total greater than 400,000, suggesting there was adequate saturation at the selected rarefaction level
(Figure S1B).

Collectively, the composition of gut microbiota of pregnant women was dominated by four major phyla
including Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria, all of which occurred in more than 95 %
of these samples. At the level of genus, 27 core genera, including Faecalibacterium, Streptococcus, Escherichia,
 existed in more than 95 % of the samples from pregnant women (Table S1).

The PCoA results based on overall bacterial community composition showed a marginally signi�cant clustering
in unweighted UniFrac distance matrices (Figure 2A, ANOSIM, p=0.0434), which only took the microbiota
composition into account. In contrast, no signi�cant clustering was observed in weighted UniFrac analysis
(Figure 2B, ANOSIM, p=0.1578) in which more abundant OTUs were observed with an overall stronger effect.

Five measures (Chao, ace, sobs, Shannon, Simpson) were used to analyze the abundance and diversity of
microbiota within samples. None of the �ve measures showed any signi�cant differences for comparisons
between ICP and control group patients (Figure S2, Table S2).

We next examined the correlation coe�cient between OTUs and clinical parameters for both ICP and control
patients. When we set up the estimates threshold above 0.4 or below -0.4, and p-value < = 0.001 (which means a
moderate relationship), we observed that: 1) Lachnospiraceae, Weissella, Citrobacter, and Bacillus were
positively associated with ALT; 2) Blautia_producta, and Clostridiales were positively associated with bile; 3)
Dialister, Ruminococcus were negatively and Streptococcus_luteciae, Clostridiales were positively associated



Page 8/18

with Dbil; 4) Weissella, Bacillus, Streptococcus_luteciae were positively associated with AST; 5) Weissella,
Streptococcus_luteciae, Clostridiales were positively and Oscillospira was negatively associated with Tbil (Table
2).

Table 2. Correlation coe�cient between OTUs from all subjects and clinical parameters.

OTUs Estimates p-value Occ SampCount Catalogue Taxonomy
Otu1090 0.408477 0.001456 56 58 ALT Lachnospiraceae
Otu319 0.43044 0.000745 18 58 ALT Weissella
Otu411 0.434778 0.000649 36 58 ALT Citrobacter
Otu711 0.406692 0.001535 16 58 ALT Bacillus
Otu319 0.414393 0.001221 18 58 AST Weissella
Otu711 0.441002 0.00053 16 58 AST Bacillus
Otu737 0.44422 0.000477 25 58 AST Streptococcus_luteciae
Otu147 0.419866 0.001034 58 58 bile Blautia_producta
Otu973 0.426097 0.000853 29 58 bile Clostridiales
Otu20 -0.41329 0.001262 27 58 Dbil Dialister
Otu737 0.450102 0.000393 25 58 Dbil Streptococcus_luteciae
Otu802 -0.41767 0.001106 6 58 Dbil Ruminococcus
Otu973 0.464376 0.000241 29 58 Dbil Clostridiales
Otu319 0.419613 0.001042 18 58 Tbil Weissella
Otu411 0.405553 0.001587 36 58 Tbil Citrobacter
Otu7 0.479112 0.000142 23 58 Tbil Prevotella_stercorea
Otu718 -0.40842 0.001459 17 58 Tbil Oscillospira
Otu737 0.412664 0.001286 25 58 Tbil Streptococcus_luteciae
Otu973 0.430958 0.000732 29 58 Tbil Clostridiales

 

At the genus level, the abundance of Butyricimonas was signi�cantly lower in the group of ICP patients
compared to patients making up the control group. However, Blautia, Citrobacter, Pseudomonas, Streptococcus
and Weissella were signi�cantly higher in ICP versus control patients. At the species level, Streptococcus lutecia
was higher in ICP patients. At the class level, Bacilli and Gammaproteobacteria were higher in ICP patients. At
the order level, Enterobacteriales, Lactobacillales, and Pseudomonadales were higher in ICP patients. At the
family level, Enterobacteriaceae, Leuconostocaceae, Pseudomonadaceae, and Streptococcaceae were higher in
ICP patients (Figure 3, Table 3). All these bacteria were considered to be rare (mean relative abundance < 5 %) in
both the ICP control patient groups.

Table 3. Differential relative abundances of bacterial in six levels with FDR P-value <0.05.
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Items Mean(ICP) SD(ICP) Mean(Nor) SD(Nor) p.value FDR  
Bacilli 0.43725 0.590779 0.141213 0.182898 0.000676 0.015548 Class
Gammaproteobacteria 2.542838 5.428261 0.443897 0.691728 0.001971 0.022667
Enterobacteriales 2.186482 5.326455 0.386201 0.704164 0.002905 0.032923 Order
Lactobacillales 0.378908 0.577339 0.114305 0.178683 0.000462 0.008636
Pseudomonadales 0.003022 0.004634 0.000907 0.002216 0.000508 0.008636
Enterobacteriaceae 2.186482 5.326455 0.386201 0.704164 0.002905 0.04067 Family
Leuconostocaceae 0.009571 0.020579 0.00033 0.001309 0.000117 0.006011
Pseudomonadaceae 0.002195 0.003701 0.000363 0.000717 0.000322 0.006011
Streptococcaceae 0.340405 0.566579 0.077515 0.095561 0.000273 0.006011
Blautia 1.700667 1.161503 0.899852 0.689057 0.001317 0.026867 Genus
Butyricimonas 0.077094 0.112087 0.22485 0.30419 0.010086 0.098031
Citrobacter 0.041611 0.074845 0.002425 0.005323 0.00014 0.007293
Pseudomonas 0.002195 0.003701 0.000363 0.000717 0.000322 0.010948
Streptococcus 0.327829 0.566782 0.072758 0.094323 0.001317 0.026867
Weissella 0.009296 0.020585 0.000299 0.001305 0.000143 0.007293
Streptococcus luteciae 0.078866 0.155461 0.00461 0.017362 0.000431 0.029739 Species

 

In total, 51 metabolic pathways were identi�ed by PICRUSt (Figure 4). There were no signi�cant differences in
examinations of the pathways for comparisons between ICP and control patients.

LEfSe identi�ed eight signi�cant (log10(LDA SCORE) > = 2 or log10(LDA SCORE) < = -2) OTUs (i.e., Streptococcus
(genus), Lactobacillales (order), Streptococcaceae (family), Bacilli (class), Blautia (genus), Enterobacteriaceae
(family), Enterobacteriales (order), and Gammaproteobacteria (class)) in ICP patients group and identi�ed 12
signi�cant OTUs (i.e., S24-7 (class), Betaproteobacteria (class), Burkholderiales (order), Sutterella (genus),
Alcaligenaceae (family), Bacteroides ovatus (species), Odoribacteraceae (family), Odoribacter (genus),
Butyricicoccus (genus), Bacteroides eggerthii (species), Bacteroides caccae (species), and Oscillospira (genus))
in controls (Figure 5).

Discussion
In this study, we analyzed gut microbiota in the third-trimester of pregnant women, and examined the
relationship between gut microbiota and ICP for the �rst time. We determined correlation coe�cients for
comparisons between OTUs and clinical parameters, as well as determined differences between ICP control
patient groups on different taxonomic levels. Additionally, we performed analyses for the prediction of
metagenomic functions to distinguish differential abundances of OTUs. Our �ndings indicated that the observed
increase of pathogenic bacteria (Enterobacteriaceae, Streptococcus) and decrease of butyrate-producing
populations of bacteria (Butyricimonas) might have contributed to the progression of ICP and symptoms in
patients. What’s more, we identi�ed eight signi�cant OTUs in ICP patients and 12 signi�cant OTUs in control
patients. We combined the patients from the two groups and then examined the common bacteria collectively.
We found that Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria were the dominant phyla, while 27
core genera including Faecalibacterium, Streptococcus, Escherichia were the dominant genera in both groups.
The compositions of these taxa were found to be in accordance with a previous study focusing on microbiota
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changes during pregnancy, which had results that similarly indicated that relative abundances of Proteobacteria
and Actinobacteria increased as pregnancy progressed. We also found that OTUs including members of the
Enterobacteriaceae family and Streptococcus genus were dominant in the third trimester (32). Another survey of
fecal microbiota of a cohort of 314 young Chinese individuals  was able to identify a list of 16 abundant genera,
11 of which were also included in our core genera list, further validating our data (33).

While few studies have been performed with a high focus upon the �ora making up the gut microbiota in
patients with ICP, some teams have studied the metagenomes in bile acid related abnormity or liver diseases. A
study which examined gut microbiota for patients with cirrhosis had levels of observed bile acid entering the
intestine that were low, and Enterobacteriaceae (the only one family belonging to Enterobacteriales) was found
to have increased (34). This result was in accordance with our observations. Another study which examined
 primary sclerosing cholangitis (PSC) found that when the bile was inhibited from releasing to small intestine the
proportions of Blautia increased (35). We obtained similar results in our experiments. Intestinal bile acid is one
of the major regulators of gut microbiota and inhibition of the entrance of bile acid to intestines causes bacterial
dysbiosis, as gram-positive members such as Rumminococcaceae and members of Clostridium cluster XVIa,
which are involved insecondary fecal bile acid production and anti-in�ammatory response, were inhibited (17)
Contrastingly,  pro-in�ammatory and potentially pathogenic taxa, including Enterobacteriaceae, increased (34).
In our study, Butyricimonas was inhibited in the patients in the ICP group compared to patients in the control
group. As Butyricimonas is able to produce butyrate, one of the members of the short-chain fatty acids (SCFA),
inhibition of Butyricimonas decreases butyrate production, further disturbs the anti-in�ammatory effects, and
impacts the level of intestinal barrier integrity.

Bile acids affect gut microbiota composition directly through antimicrobial effects or indirectly through impacts
upon FXR-dependent antimicrobial peptides. As one of the components of the pool of bile acids, deoxycholic
acid (DCA), has a strong effect upon inhibiting the growth of the microbiome and acts as a detergent upon
bacterial membranes (36). In ICP patients, Ruminococcus and Blautia both had a strong correlation with serum
Tbil. Enterobacteriales and Streptococcaceae composition was found to have increased, which was also
commonly seen similarly based examinations of the impacts of cirrhosis upon gut microbiota. It is likely that
overgrowth of potentially pathogenic bacteria including Enterobacteriaceae and Streptococcus is normally
suppressed due to mutual inhibitions with healthy human bacteria, such as Lachnospiraceae and
Ruminococcaceae. When the latteris is inhibited, the overgrowth of Enterobacteriaceae and Streptococcus
occurs. This observation is in accordance with previous results from bacteriological cultures of fecal samples,
which indicated that Escherichia coli and staphylococcus spp. had overgrowth in patients that were a�icted
with cirrhosis (37).

Studies in which rats were examined suggested that after IT surgery the levels of circulating bile acid increased
signi�cantly. As a result, the homeostasis of glucose was found to have been improved. Proportional increases
of Gammaproteobacteria in IT-operated animals were a potential contributor of the observed increase in the
levels of circulating bile acids  (38). Another study which examined a colitis mouse model found that
Citrobacterrodentium infection downregulated the genes involved in bile acid biosynthesis and transportation,
and increased the risk of cholestasis (39). In our study, we also found a signi�cantly increased levesl of
Citrobacter in the ICP patient group. Three case-reports have also indicated that severe Pseudomonas infections
could lead to the development of irreversible hepatocellular cholestasis without liver cell necrosis or bile duct
injury, although the mechanisms and dynamics of pathogenesis were undescribed (40, 41). Notably, the serum
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level of Tbil was found to have increased dramatically in ICP patients, inferring a that there is a relationship
between Tbil and Pseudomonas.

In our experimental results, women with ICP were sampled at a median time of pregnancy of 35.4 weeks (i.e.
before full term) and control women were sampled at a median of 39.4 weeks (i.e. at term). A previous study
which examined temporal variation in the composition ofhuman microbiota during pregnancy evaluated the
communities sampled in consecutive weeks through delivery and found that there were no signi�cant trends
over gestational time (P > 0.05, t test) (42). Thus, in our study we felt it was appropriate and reasonable to have
collected samples at different time points in the third trimester.

In conclusion, our study presented the �rst view of research which examined the gut microbiota of ICP a�icted
patients as well as for a concomitant una�icted control group of patients. Although the mechanisms and
dynamics with regards to how phylogenetic diversity changes gut microbiota in patients a�icted with ICP
remains obscure, our �ndings might provide new diagnostic and treatment strategies during pregnancy for this
disease and the associated symptoms. Further studies are needed however that seek to identify factors
impacting gut bacterial composition in ICP patients to prevent the occurrence and progression of these
complications in the third trimester of pregnancy.

Conclusions
In this manuscript, we analyzed the fecal microbiota from 27 ICP patients and 31 comparable controls by 16S
rRNA gene amplicon sequencing and tested the correlation between components of microbiota and ICP. Our
results indicated for the �rst time that patients with ICP have an altered phylogenetic gut microbiota pro�le
compared with control group. Our �ndings might provide the new diagnosis and cure strategies to this pregnant
related disease.
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SCFA: Short-Chain Fatty Acids;

DCA: Deoxycholic Acid.

Declarations
Ethics approval and consent to participate

Approval was also granted by the Ethics Committee of the First A�liated Hospital of Chongqing Medical
University (No.201530). Written informed consent were collected from all participating patients.

Consent for publication

Not applicable.

Availability of data and materials

The data reported in this study have been deposited in the CNSA (https://db.cngb.org/cnsa/) of CNGBdb with
accession code CNP0000403.

Competing interests

The authors declare that they have no competing interests.

Funding

Design of this study is supported by National Key Research and Development Program of Reproductive Health &
Major Birth Defects Control and Prevention (No. 2016YFC1000407), Key Program of International Cooperation of
NSFC (No. 81520108013). This study’s collection, analysis, and interpretation of data is supported by National
Natural Science Foundation of China for Youth (No. 31501207, No. 81300075), the Natural Science Foundation
of Guangdong Province (No. 2014A030313795), the Shenzhen Municipal Government of China (No.
JCYJ20170412152854656, JCYJ20180703093402288), “111 program” of Ministry of Education P. R. C and
State Administration of Foreign Experts Affairs P. R. C. and Guangdong Enterprise Key Laboratory of Human
Disease Genomics (2011A060906007), Shenzhen Engineering Laboratory for Birth Defects Screening (DRC-
SZ[2011]861).

Authors' contributions

WJ and HB designed research; RL, XH, ZZ, collected samples and clinical data from patients, and conducted
experiments; YC, CL, LF, LX, ZJ, JH analyzed the data; Sledzinski T analysed data; WJ, HB wrote the paper.

Acknowledgements

We appreciate the obstetrician and nurse of the First A�liated Hospital of Chongqing Medical University for
providing sample preservation and transportation of this study.

References



Page 13/18

1. Wood AM, Livingston EG, Hughes BL, Kuller JA. Intrahepatic Cholestasis of Pregnancy: A Review of
Diagnosis and Management. Obstet Gynecol Surv. 2018;73(2):103-9.

2. Geenes V, Chappell LC, Seed PT, Steer PJ, Knight M, Williamson C. Association of severe intrahepatic
cholestasis of pregnancy with adverse pregnancy outcomes: a prospective population-based case-control
study. Hepatology. 2014;59(4):1482-91.

3. Kenyon AP, Piercy CN, Girling J, Williamson C, Tribe RM, Shennan AH. Obstetric cholestasis, outcome with
active management: a series of 70 cases. BJOG. 2002;109(3):282-8.

4. Zecca E, De Luca D, Marras M, Caruso A, Bernardini T, Romagnoli C. Intrahepatic cholestasis of pregnancy
and neonatal respiratory distress syndrome. Pediatrics. 2006;117(5):1669-72.

5. Brouwers L, Koster MP, Page-Christiaens GC, Kemperman H, Boon J, Evers IM, et al. Intrahepatic cholestasis
of pregnancy: maternal and fetal outcomes associated with elevated bile acid levels. Am J Obstet Gynecol.
2015;212(1):100 e1-7.

�. Crocenzi FA, Mottino AD, Cao J, Veggi LM, Pozzi EJ, Vore M, et al. Estradiol-17beta-D-glucuronide induces
endocytic internalization of Bsep in rats. Am J Physiol Gastrointest Liver Physiol. 2003;285(2):G449-59.

7. Simon FR, Fortune J, Iwahashi M, Qadri I, Sutherland E. Multihormonal regulation of hepatic sinusoidal Ntcp
gene expression. Am J Physiol Gastrointest Liver Physiol. 2004;287(4):G782-94.

�. Yamamoto Y, Moore R, Hess HA, Guo GL, Gonzalez FJ, Korach KS, et al. Estrogen receptor alpha mediates
17alpha-ethynylestradiol causing hepatotoxicity. J Biol Chem. 2006;281(24):16625-31.

9. Lammert F, Marschall HU, Glantz A, Matern S. Intrahepatic cholestasis of pregnancy: molecular
pathogenesis, diagnosis and management. J Hepatol. 2000;33(6):1012-21.

10. Savander M, Ropponen A, Avela K, Weerasekera N, Cormand B, Hirvioja ML, et al. Genetic evidence of
heterogeneity in intrahepatic cholestasis of pregnancy. Gut. 2003;52(7):1025-9.

11. Jacquemin E, Cresteil D, Manouvrier S, Boute O, Hadchouel M. Heterozygous non-sense mutation of the
MDR3 gene in familial intrahepatic cholestasis of pregnancy. Lancet. 1999;353(9148):210-1.

12. Reyes H, Baez ME, Gonzalez MC, Hernandez I, Palma J, Ribalta J, et al. Selenium, zinc and copper plasma
levels in intrahepatic cholestasis of pregnancy, in normal pregnancies and in healthy individuals, in Chile. J
Hepatol. 2000;32(4):542-9.

13. Cabreiro F, Gems D. Worms need microbes too: microbiota, health and aging in Caenorhabditis elegans.
EMBO Mol Med. 2013;5(9):1300-10.

14. Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan JF, Dinan TG. Minireview: Gut microbiota: the neglected
endocrine organ. Mol Endocrinol. 2014;28(8):1221-38.

15. Guarner F, Malagelada JR. Gut �ora in health and disease. Lancet. 2003;361(9356):512-9.

1�. Sayin SI, Wahlstrom A, Felin J, Jantti S, Marschall HU, Bamberg K, et al. Gut microbiota regulates bile acid
metabolism by reducing the levels of tauro-beta-muricholic acid, a naturally occurring FXR antagonist. Cell
Metab. 2013;17(2):225-35.

17. Ridlon JM, Kang DJ, Hylemon PB, Bajaj JS. Bile acids and the gut microbiome. Curr Opin Gastroenterol.
2014;30(3):332-8.

1�. Inagaki T, Moschetta A, Lee YK, Peng L, Zhao G, Downes M, et al. Regulation of antibacterial defense in the
small intestine by the nuclear bile acid receptor. Proc Natl Acad Sci U S A. 2006;103(10):3920-5.



Page 14/18

19. Zheng X, Huang F, Zhao A, Lei S, Zhang Y, Xie G, et al. Bile acid is a signi�cant host factor shaping the gut
microbiome of diet-induced obese mice. BMC Biol. 2017;15(1):120.

20. Li Y, Tang R, Leung PSC, Gershwin ME, Ma X. Bile acids and intestinal microbiota in autoimmune cholestatic
liver diseases. Autoimmun Rev. 2017;16(9):885-96.

21. Jia W, Xie G, Jia W. Bile acid-microbiota crosstalk in gastrointestinal in�ammation and carcinogenesis. Nat
Rev Gastroenterol Hepatol. 2018;15(2):111-28.

22. Qin J, Li Y, Cai Z, Li S, Zhu J, Zhang F, et al. A metagenome-wide association study of gut microbiota in type
2 diabetes. Nature. 2012;490(7418):55-60.

23. Edgar RC. UPARSE: highly accurate OTU sequences from microbial amplicon reads. Nat Methods.
2013;10(10):996-8.

24. Cole JR, Wang Q, Fish JA, Chai B, McGarrell DM, Sun Y, et al. Ribosomal Database Project: data and tools
for high throughput rRNA analysis. Nucleic Acids Res. 2014;42(Database issue):D633-42.

25. DeSantis TZ, Hugenholtz P, Larsen N, Rojas M, Brodie EL, Keller K, et al. Greengenes, a chimera-checked 16S
rRNA gene database and workbench compatible with ARB. Appl Environ Microbiol. 2006;72(7):5069-72.

2�. Kozich JJ, Westcott SL, Baxter NT, Highlander SK, Schloss PD. Development of a dual-index sequencing
strategy and curation pipeline for analyzing amplicon sequence data on the MiSeq Illumina sequencing
platform. Appl Environ Microbiol. 2013;79(17):5112-20.

27. Orakov AN, Sakenova NK, Sorokin A, Goryanin, II. ASAR: visual analysis of metagenomes in R.
Bioinformatics. 2018;34(8):1404-5.

2�. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, et al. QIIME allows analysis
of high-throughput community sequencing data. Nat Methods. 2010;7(5):335-6.

29. Lozupone C, Knight R. UniFrac: a new phylogenetic method for comparing microbial communities. Appl
Environ Microbiol. 2005;71(12):8228-35.

30. Segata N, Izard J, Waldron L, Gevers D, Miropolsky L, Garrett WS, et al. Metagenomic biomarker discovery
and explanation. Genome Biol. 2011;12(6):R60.

31. Langille MG, Zaneveld J, Caporaso JG, McDonald D, Knights D, Reyes JA, et al. Predictive functional
pro�ling of microbial communities using 16S rRNA marker gene sequences. Nat Biotechnol.
2013;31(9):814-21.

32. Koren O, Goodrich JK, Cullender TC, Spor A, Laitinen K, Backhed HK, et al. Host remodeling of the gut
microbiome and metabolic changes during pregnancy. Cell. 2012;150(3):470-80.

33. Zhang J, Guo Z, Xue Z, Sun Z, Zhang M, Wang L, et al. A phylo-functional core of gut microbiota in healthy
young Chinese cohorts across lifestyles, geography and ethnicities. ISME J. 2015;9(9):1979-90.

34. Kakiyama G, Pandak WM, Gillevet PM, Hylemon PB, Heuman DM, Daita K, et al. Modulation of the fecal bile
acid pro�le by gut microbiota in cirrhosis. J Hepatol. 2013;58(5):949-55.

35. Torres J, Bao X, Goel A, Colombel JF, Pekow J, Jabri B, et al. The features of mucosa-associated microbiota
in primary sclerosing cholangitis. Aliment Pharmacol Ther. 2016;43(7):790-801.

3�. Begley M, Gahan CG, Hill C. The interaction between bacteria and bile. FEMS Microbiol Rev. 2005;29(4):625-
51.

37. Liu Q, Duan ZP, Ha DK, Bengmark S, Kurtovic J, Riordan SM. Synbiotic modulation of gut �ora: effect on
minimal hepatic encephalopathy in patients with cirrhosis. Hepatology. 2004;39(5):1441-9.



Page 15/18

3�. Cummings BP, Bettaieb A, Graham JL, Kim J, Ma F, Shibata N, et al. Bile-acid-mediated decrease in
endoplasmic reticulum stress: a potential contributor to the metabolic bene�ts of ileal interposition surgery
in UCD-T2DM rats. Dis Model Mech. 2013;6(2):443-56.

39. Merrell MD, Nyagode BA, Clarke JD, Cherrington NJ, Morgan ET. Selective and cytokine-dependent regulation
of hepatic transporters and bile acid homeostasis during infectious colitis in mice. Drug Metab Dispos.
2014;42(4):596-602.

40. Combe C, Banas B, Zoller WG, Manns MP, Schlondorff D. [Antibiotic-induced prolonged cholestasis:
suspected induction by ceftibuten]. Z Gastroenterol. 1996;34(7):434-7.

41. Funada H, Matsuda T, Okada Y. Jaundice associated with Pseudomonas aeruginosa bacteremia
complicating acute leukemia. Intern Med. 1995;34(2):100-3.

42. DiGiulio DB, Callahan BJ, McMurdie PJ, Costello EK, Lyell DJ, Robaczewska A, et al. Temporal and spatial
variation of the human microbiota during pregnancy. Proc Natl Acad Sci U S A. 2015;112(35):11060-5.

Figures



Page 16/18

Figure 1

The distributions of ALT, AST, bile, Dbil, Ibil, and Tbil values in ICP and healthy control patients. AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Dbil: direct bilirubin; Ibil: indirect bilirubin; and Tbil: total
serum bilirubin.
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Figure 2

Principal coordinate analysis (PCoA) plots of stool samples from ICP and healthy control patients. PCoA plots of
unweighted (A) and weighted (B) UniFrac distance matrices. Each dot represents the bacterial community
composition of one individual stool sample. Axis titles indicate the percentage of variation explained.

Figure 3

Differential relative abundance between ICP and healthy control patients. Assessed and organized according to
taxonomic levels of Order (A), Family (B) or Genus (C).
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Figure 4

The relative abundance of stool samples on 51 metabolic pathways.

Figure 5

Analysis of LDA effect size of community differences between ICP and healthy control patients.
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