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Abstract:

Objective: This study aims to explore the causal relationp between circulating
inflammatory proteins and Intrahepatic Cholestasis of Pregnancy (ICP) using a two-
sample Mendelian randomization approach. Pregnancy (ICP) using a two-sample
Mendelian randomization approach. Methods: Based on genome-wide association
study (GWAS) datasets, genetic variations strongly associated with circulating
inflammatory proteins were selected as instrumentation. Based on genome-wide
association study (GWAS) datasets, genetic variations strongly associated with
circulating inflammatory proteins were selected as instrumental variables. A variety of
statistical models including Inverse Variance Weighted (IVW), MR-Egger, weighted
median, and weighted mode were employed to assess the potential impact of
circulating inflammatory proteins on ICP. Additionally, MR-Egger intercept tests
were conducted to evaluate pleiotropy, while Cochran’s Q-tests and leave-one-out
analyses were used to assess the potential impact of circulating inflammatory proteins
on ICP risk. Tests and leave-one-out analyses were used to assess heterogeneity and
the robustness of the findings. Results: The analysis indicated a causal relationship
between elevated levels of the inflammatory proteins and the risk of ICP. The analysis
indicated a causal relationship between elevated levels of the inflammatory
chemokine CCL23 (C-C Motif Chemokine 23, CCL23) and an increased risk of ICP
(OR: 1.176, 95% CI: 1.027-1.346). 1.027-1.346, P=0.019). Conversely, elevated
levels of CUB Domain-containing Protein 1 (CDCP1) were associated with a
decreased risk of ICP (OR: 0.821, 95% CI: 0.730-0.923, P=0.001). 0.001).
Furthermore, sensitivity analyses confirmed the association between specific
circulating inflammatory proteins and ICP. No evidence of reverse causality was
found in the bid. No evidence of reverse causality was found in the bidirectional MR
analysis. Conclusion: The findings of this study underscore the significant role of
circulating inflammatory proteins in the pathway. Inflammatory proteins in the
pathogenesis of ICP, suggesting that modulation of the inflammatory pathway could
be an effective strategy for the prevention or treatment of ICP.
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1. Introduction

Intrahepatic cholestasis of pregnancy (ICP) is one of the most common liver
disorders during pregnancy, especially in the second or third trimester [1]. The main
clinical manifestations of ICP include intolerable itching of the skin, especially on the
palms of the hands and soles of the feet, and a significant increase in serum bile acid
concentration [2] .The main clinical manifestations of ICP include intolerable itching
of the skin, especially on the palms and soles of the feet, and a significant increase in
serum bile acids. Studies have shown that the development of ICP is associated with
an obstruction of bile excretion , which leads to a build-up of toxic bile acids in the
bloodstream, leading to the symptoms described above. The condition usually
resolves quickly after delivery. Although ICP does not usually have long-term health
effects on the mother, it can lead to a range of adverse maternal outcomes, such as
preterm labor, placental abruption, and even intrauterine death [3]. In addition, fetuses
of patients with ICP may face higher health risks, including fetal asphyxia and
increased need for neonatal intensive care units (NICUs) [4]. The mechanism by
which ICP occurs remains unknown. However, the mechanisms by which ICP occurs
remain unclear.

In recent years, an increasing number of studies have focused on the role of
inflammation in the pathogenesis of ICP. The inflammatory response is regulated by a
complex of cells and mediators, including circulating inflammatory proteins such as
cytokines, chemokines and other soluble receptors [5,6]. As small molecule proteins
and cytokines that regulate the immune response and promote or inhibit the
inflammatory process, circulating inflammatory proteins may play a role in ICP
through multiple mechanisms [7]. These proteins not only directly affect the transport
and metabolism of bile acids by hepatocytes , but may also be indirectly involved in
the development of ICP by affecting placental function and regulation of progesterone
levels, among other things [8,9]. The role of inflammation in the development of ICP
can be seen in the following Thus, an in-depth understanding of the role of
inflammation and its associated circulating inflammatory proteins in ICP is important
for unraveling the pathophysiological mechanisms of ICP and developing effective
therapeutic and preventive strategies.

Mendelian Randomization (MR), a method that uses genetic variation as an
instrumental variable to estimate the causal relationship between exposure and
outcome, has shown unique strengths in studies that have resolved the relationship
between circulating inflammatory proteins and ICP [10]. Because genetic variants are
randomly assigned at birth, MR analysis reduces the problems of confounders and
reverse causation that are common in traditional observational studies, providing us
with more reliable causal inferencesl1 MR analysis can reduce the problems of
confounding and reverse causation that are common in traditional observational
studies, providing us with more reliable causal inferences [11].

Therefore, this study employed a two-way two-sample MR approach to clarify the
causal relationship between circulating inflammatory proteins ICP. We attempted to
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utilize genetic variants significantly associated with specific circulating inflammatory
proteins as instrumental variables (IVs), aiming to reduce potential interference and
thus more accurately assess the effect of circulating inflammatory proteins on ICP risk.
With this approach, we hope to reveal the role of circulating inflammatory proteins in
the occurrence and development of ICP, and thus provide new strategies and
theoretical basis for the prevention and treatment of ICP.

2. Methodology

2.1. Study design

The aim of this study is to analyze the association between circulating inflammatory
proteins and ICP, where circulating inflammatory proteins are the exposure factors
and ICP is the study outcome. To guarantee the stability and credibility of the findings,
we will conduct multiple validity tests, heterogeneity analyses, and sensitivity checks,
and estimate the efficacy of the tests.Three conditions need to be fulfilled for a MR
study to be valid: (1) the instrumental variable (IV) needs to be strongly correlated
with the exposure factor; (2) the association between the IV and the findings of the
study should not be subjected to a confounding bias; and (3) the effect of the IV on
the findings should be only through the exposure factor as a pathway [12]. The two-
way two-sample MR analysis method adopted in this study can reveal the causal
relationship between exposure factors and study outcomes more effectively and
robustly than the traditional single-sample MR method by using independent sample
data from different genome-wide association studies (GWAS) [13].

2.2. Data source

Our study used 91 circulating inflammatory proteins as exposure factors. By
accessing the Genome-Wide Association Studies (GWAS) database provided by the
Medical Research Council Integrated Epidemiology Unit (MRC IEU) in the UK, we
retrieved data related to these inflammatory factors with registry numbers ranging
from GCST90274758 to GCST90274848 (https://www.ebi.ac.uk/gwas/). The dataset
included 11 cohorts totaling 14,824 participants of European ancestry [14]. The
outcome variable of the study was intrahepatic cholestasis of pregnancy (ICP), and the
GWAS summary data for ICP was provided by the FinnGen Collaboration, which
included 940 cases of FEuropean descent and 122,639 control individuals
(https://r10.finngen.fi/).

2.3. Instrumental Variables (IVs) Selection

In the process of exploring the causal link between circulating inflammatory
proteins and ICP, we conducted a rigorous screening of instrumental variables (IVs)
to ensure the scientific validity and accuracy of the analysis. First, to ensure a strong
association between IVs and the exposure factor-circulating inflammatory proteins-we
selected single nucleotide polymorphisms (SNPs) with a P value of <1.0 x 107, a
criterion that is often regarded as the threshold of significance for genome-wide
association. Subsequently, to minimize the possibility of the influence of multiple
related loci on the same chromosome, we removed SNPs with linkage
disequilibrium.This step was accomplished by setting the random effect below a
specific threshold (r* < 0.001, kb = 1 Mb), which ensured independence among the
selected IVs. We also excluded IVs containing palindromic sequences to avoid
analysis errors due to inconsistencies between effect alleles and effect sizes. To ensure
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a low risk of instrumental variable bias in the selected IVs, we further excluded SNPs
with an F statistic of less than 10. This criterion was determined by calculating the
formula [F = (R¥(1- R?)) * ((N-K-1)/K)], where N is the sample size and K is the
number of IVs. a high or a low value of F is directly correlated to the reliability of the
IVs. Finally, we queried each SNP in the PhenoScanner database to exclude potential
confounders and to ensure that the selected IVs affected ICP only through circulating
inflammatory proteins, which fulfilled all the conditions of the two-sample MR
randomization analysis.

2.4. MR analysis

In this study, we mainly performed MR analysis by random-effects inverse variance
weighted (IVW) method with the aim of assessing the causal association between
circulating inflammatory proteins and ICP. The IVW method is considered to be the
preferred method for estimating the causal effect because of its high test efficacy. In
addition, we used analytical methods such as Weighted Median, Weighted Mode, and
MR-Egger regression, which can assess the stability and confidence of the causal
relationship from different perspectives. In order to fully consider the heterogeneity
and horizontal pleiotropy of genetic variation on the results, a series of stability and
reliability tests were performed. Cochran’s Q statistic and leave-one-out were used for
sensitivity analyses, which helped to identify individual SNPs that had a significant
effect on the results. The intercept of MR-Egger regression was used to test for the
presence of horizontal pleiotropy, and thus to assess the robustness of the analyzed
results. robustness of the analyzed results. All these statistical analyses were done in
the R environment using Two Sample MR, aiming to ensure the reliability and
robustness of the MR analysis results from multiple dimensions.

3. Result

3.1. Effect of circulating inflammatory proteins on ICP

A total of 2570 SNPs were selected as I'Vs for 91 circulating inflammatory proteins
according to the selection criteria for IVs. Detailed information on the genetic variants
used in the MR analyses is shown in Table S1. The F-statistics of the selected SNPs
were all greater than 10, suggesting that the present study was not susceptible to weak
instrumental variable bias. As shown in Figure 1 and Figure 2, IVW results of four
circulating inflammatory proteins were shown to be associated with ICP risk,
including: eosinophil chemokine, chemokine CCL23, interleukin 15 receptor o
antibody, and CUB structural domain-containing protein 1. Among them, eosinophil
chemokine (OR: 1.284, 95% CI: 1.092-1.509, P=0.002), chemokine C-C Motif
Chemokine 23 (CCL23) (OR: 1.176, 95% CI: 1.027-1.346, P=0.019), and interleukin
15 receptor alpha antibody (IL-15RA) (OR: 1.141, 95% CI: 1.020-1.277, P=0.021)
levels were positively associated with the risk of developing ICP. On the contrary, the
level of CUB Domain-containing Protein 1 (CDCP1) (OR: 0.821, 95% CI: 0.730-
0.923, P=0.001) was negatively associated with the risk of ICP.
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Exposure Method NSNP OR(95%CI) P
Eotaxin levels
Inverse variance waighted 28 1.284(1.092-1.509) 0002 L e
MR Egger 28 1.506(1.112-2.038) 0014 L - +
Weighted median 28 1.226(0978-1.538) 0077 et
Weighted mode 28 1.285(0.964-1.712) 0099 —=
C-C motif chemokine 23 levels
Inverse variance weighted 31 1.176(1.027-1.346) 0019 ——
MR Eager 31 1.051(0.870-1.270) 0607 e
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Weighted mode 31 1.139(0.9721.334) 0118 =
CUB domain-containing protein 1 levels
Imverse variance weighted 36 0821(0.730-0923) 0001 -
MR Egger 36 0.962(0.789-1172) 0703 ==t
Weighted median 36 0.816(0.696-0.957) 0012 =
Weighted mode 36 0.849(0.7121.012) 0076 5. 3
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MR Egger 22 1.120(0.923-1.359) 0264 H—
Weighted median 22 1.202(1.050-1.376) 0008 J—
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Figure 1. Forest plot of causal effects of circulating inflammatory proteins on ICP.
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Figure 2. Scatter plot of the causal effect of circulating inflammatory proteins on ICP.

3.2. Sensitivity analysis

In order to verify the robustness of the results, a series of analyses including
Cochran’s Q test, MR-Egger regression and leave-one-out method were performed,
all of which did not reveal heterogeneity and pleiotropy. In Figure 3, Cochran’s IVW
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Q test shows that there is no heterogeneity among the selected IVs. In Figure 4, the
leave-one-out method showed no change in the results when removing SNPs one by
one for MR analysis. According to the results of MR-Egger intercept analysis, the
presence of horizontal pleiotropy was not detected for eosinophil chemokine
(P=0.235), chemokine CCL23 (P=0.235), interleukin 15 receptor «a-antibody
(P=0.064), and CUB structural domain-containing protein 1 (P=0.813) (Table 1).

Table 1. Results of heterogeneity analysis and horizontal multiple validity test.

Circulating inflammatory Methods Heterogeneity Horizontal
proteins multiplicity
MR-IVW Egger intercept test

Eotaxin levels Statistics Q=35.729 -0.022

P 0.121 0.235

€-C motif chemokine 23 Statistics Q=40.933 0.022

levels
P 0.088 0.116
CUB domain-containing Statistics Q=40.690 0.023
protein 1 levels
P 0.234 0.064
Interleukin-15 receptor . B
subunit alpha levels Statistics Q=23.450 0.004
P 0.32 0.813
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Figure 3. Funnel plot of causal effects of circulating inflammatory proteins on ICP.
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Figure 4. Leave-one-out plot of the causal effect of circulating inflammatory proteins on ICP.

3.3. Reverse MR analysis

We performed reverse MR analysis to infer whether there is a causal relationship
between ICP and four circulating inflammatory proteins. We selected SNPs that were
significantly associated with the risk of ICP as IVs (Table S2), and the primary
analytical method, IVW, indicated that there was an inverse causal relationship
between ICP and eosinophil chemokines (OR: 1.022, 95% CI: 1.002-1.042, P=0.03),
and antibodies to interleukin 15 receptor a (OR: 1.022, 95% CI: 1.000-1.043, P=
0.046) had an inverse causal relationship (Table S2), so the causal relationship
between these two inflammatory proteins and ICP could not be determined (Figure 5).
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Figure 5. Forest plot of causal effects of ICP on circulating inflammatory proteins.

4. Discussion

We found that ICP risk was associated with levels of the chemokine CCL23 and
CUB structural domain-containing protein 1. High levels of the chemokine CCL23
increased the risk of ICP development, and conversely, elevated levels of CUB
structural domain-containing protein 1 were associated with a decreased risk of ICP.

ICP is a pregnancy-specific complication characterized by elevated serum levels of
bile acids and itchy skin in pregnant women, but the mechanism by which ICP occurs
is currently unknown [15]. Previous studies have pointed out that the inflammatory
response plays an important role in the development of liver injury. For example,
Inflammatory factors such as interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-0) are often abnormally elevated in patients with hepatic injury, which may
contribute to the development of ICP by affecting the function of liver cells and
promoting the abnormal secretion of bile acids [16,17,18]. In addition, these
inflammatory proteins may also be associated with an increased risk of adverse
pregnancy outcomes in ICP, including preterm labor and fetal distress [19].
Inflammation and Bile Acid Dysregulation. The mechanistic link between
inflammation and bile acid dysregulation involves cytokine-mediated inhibition of
bile acid transport proteins on hepatocyte membranes, leading to accumulation of bile
acids in the liver and body circulation [20,21] . Studies have also suggested that anti-
inflammatory therapy may be effective in patients with ICP. Anti-inflammatory
treatments such as ursodeoxycholic acid have shown some efficacy in lowering serum
bile acids and mother's symptoms by modulating cytokine levels [22,23]. These
findings emphasize the potential for targeting inflammatory pathways as part of a
comprehensive treatment strategy for ICP.

CCL23 is a chemokine with chemotactic activity towards monocytes and activated
T-lymphocytes and can act by binding to specific receptors such as CCR1 [24]. If
CCL23 is aberrantly expressed or activated during pregnancy due to certain stimuli
(e.g., hormonal changes or genetic factors), it may increase the risk of ICP by
promoting the accumulation of inflammatory cells (e.g., monocytes and lymphocytes)
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in the liver, exacerbating the abnormal accumulation of bile acids and hepatic
dysfunction. In addition, upregulation of CCL23 may induce hepatocytes and immune
cells to release inflammation-related cytokines , such as IL-6 and TNF-a, etc., and the
excessive release of these cytokines may disrupt the normal metabolism and excretion
process of bile acids, leading to the development of ICP [25]. In addition, CCL23
affects the balance of the immune response by regulating the activity of immune cells
and the production of cytokines, and this immune imbalance may lead to damage to
the placenta and maternal tissues, exacerbating the development of ICP [26]. The
development of ICP is exacerbated by this immune imbalance.

CUB structural domain-containing protein 1 (CDCPI) is a transmembrane
glycoprotein expressed in a variety of cell types, which plays an important role in cell
proliferation, migration, cell signaling, and interaction with the extracellular matrix
[27]. Previous studies have found that CDCP1 is highly overexpressed in a variety of
solid tumors such as breast, colon, and lung cancers [28]. Al-Awadhi et al. could
reduce prostate cancer metastasis by inhibiting the expression of CPCP1 [29]. And
our study found that the expression level of CDCP1 was negatively correlated with
the risk of ICP, which implies that elevated levels of CDCP1 may help to reduce the
occurrence of ICP. Currently, studies have not shown direct evidence that CDCP1 is
associated with inhibition of inflammatory cell activation and reduction of liver
inflammation in ICP or other liver diseases. Further studies are needed to explore and
validate the role of CDCP1 in this specific context, especially how it affects
inflammatory processes and cytokine release in liver disease.

In this study, we explored the causal relationship between circulating inflammatory
proteins and ICP by two-sample bidirectional Mendelian randomization. First,
compared with traditional observational studies, MR analysis is effective in reducing
the interference caused by confounding factors and reverse causality. In addition, to
rule out possible pleiotropic effects, the MR-Egger intercept, Cochran’s Q test, and
leave-one-out method were used in this study to verify the robustness of the causal
relationships. Despite these advantages, our study has some limitations. First, as the
study sample was mainly derived from a European population, the broad applicability
of the results may be limited, especially in populations of other ethnicities. Second,
the two-sample MR approach used focused primarily on the linear effects of ICP risk
and may have failed to capture more complex nonlinear relationships. Finally,
although this study provided a statistical association between circulating inflammatory
proteins and ICP, further clarification is needed regarding the specific biological
mechanisms underlying this relationship. Future studies need to explore the
underlying mechanisms in detail with additional biomarkers and clinical trials.

5. Conclusions

In summary, we comprehensively assessed the potential causal relationship between
circulating inflammatory proteins and ICP. This two-sample MR study provides
conclusive evidence that the levels of two circulating inflammatory proteins are
causally associated with ICP. This finding suggests that modulating inflammatory
pathways may provide an effective strategy to prevent or treat ICP. This further
emphasizes the importance of a deeper understanding of the mechanisms that regulate
inflammation and provides a possible direction for the development of new
therapeutic approaches in the future.
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