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ABSTRACT

Objective: This study aimed to investigate the potential diagnostic value of
endoplasmic reticulum (ER) stress-induced proteins, namely heat shock protein A5
(HSPAS) (also known as GRP78) and C/EBP homologous protein (CHOP), in maternal
serum for identifying patients with intrahepatic cholestasis of pregnancy (ICP).

Material and Methods: A prospective case-control study was conducted with 37
pregnant women diagnosed with ICP and 36 healthy pregnant controls. Serum
HSPA5 and CHOP levels were quantified using enzyme-linked immunosorbent assay
(ELISA) Kits.

Results: While HSPA5 and CHOP levels were higher in the ICP group compared to
the control group, the differences were not statistically significant (p-values of 0.164
and 0.310, respectively).

Conclusion: The findings of this investigation did not yield sufficient evidence
to validate the use of serum HSPA5 and CHOP levels for diagnosing ICP. Further
research with larger sample sizes and exploration of placental tissue levels are
warranted.
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INTRODUCTION

Intrahepatic cholestasis of pregnancy (ICP) is a pregnancy-specific
liver disease characterized by skin pruritus and elevated bile
acids, leading to adverse perinatal outcomes.! Although there are
management recommendations based on bile acid levels, there is a
lack of consensus on the diagnostic criteria for ICP. Several factors
such as genetic, hormonal, immunological, and environmental factors
are proposed to be involved in the pathogenesis of ICP. However,
the exact molecular mechanism is still unclear.?? Emerging evidence
suggests that endoplasmic reticulum (ER) stress may have a role in
the development of ICP.B4

The endoplasmic reticulum (ER) is a vital organelle in eukaryotic
cells, playing a role in a number of functions including post-
translational modification, protein folding, and oligomerization.
Bl Under ER stress conditions such as ICP, the accumulation of
misfolded proteins triggers the unfolded protein response, which can
lead to apoptosis.®! In the case of ICP, ER-induced apoptosis results
in a decline in placental function.[”

Glucose-regulated protein 78 (GRP78), also known as
immunoglobulin heavy chain binding protein (BIP), is a chaperone
protein in the heat shock protein 70 (HSP70) family, primarily located
in the ER. It is also referred to as HSPA5.5-1" HSPA5 plays a vital
role in the physiological and pathological conditions of the ER. It is
essential for protein folding, assembly, transport, calcium balance,
and ER stress signaling.l'?'® In addition, overexpression of HSPA5
has been documented in various types of tumor, including lung, breast,
stomach, prostate, and hepatocellular carcinoma.l'*'®1 HSPA5 and
C/EBP homologous protein (CHOP) are key biomarkers associated
with the ER stress response pathways.!"*2% Upregulation of these
biomarkers indicates a cellular attempt to restore ER homeostasis or
trigger apoptosis during ER stress.?% Given the potential involvement
of ER stress in the pathophysiology of ICP, the exploration of the
diagnostic utility of HSPA5 and CHOP presents a promising avenue
for addressing this disease.

Although several studies have investigated the potential
diagnostic value of HSPA5 and CHOP markers in placental tissue for
ICP, no studies have investigated them in maternal blood. Therefore,
this study aims to explore the potential diagnostic value of HSPA5
and CHOP biomarkers in identifying patients with ICP.

MATERIAL AND METHODS

The study was approved by the Ethics Committee of University
of Health Sciences Tirkiye, Zeynep Kamil Women and Children’s
Diseases Training and Research Hospital (Date: 05.05.2021, No:
105) in accordance with the principles set forth in the Declaration
of Helsinki. Prior to their participation in the study, all pregnant
women were informed of the nature of the study and provided
written consent.

This prospective case-control study was conducted at the
Department of Perinatology of a tertiary referral hospital between
May 2021 and May 2022. The diagnosis of ICP was based on the
presence of clinical symptoms (itchiness without skin changes)
and abnormal laboratory test results, specifically an elevated
concentration of serum fasting total bile acid (=10.00 pmol/L) and
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a concentration of alanine aminotransferase (ALT)>33 U/L and
aspartate aminotransferase (AST)>32 U/L.

The exclusion criteria were as follows: patients with incomplete
data, congenital malformations, chromosomal abnormalities,
systemic disease, multiple pregnancies, chronic or acute liver
disease (Wilson’s disease, cholecystitis, primary sclerosing
cholangitis, primary biliary cirrhosis), and HELLP syndrome. The
exclusion criteria included cirrhosis, alpha-1-antitrypsin deficiency,
symptomatic cholelithiasis, cytomegalovirus, Epstein-Barr virus,
autoimmune hepatitis, acute fatty liver of pregnancy, active or viral
hepatitis, and HELLP syndrome.

The control group was composed of randomly selected pregnant
women who did not have any chronic disease, had a singleton
pregnancy, and made their regular obstetric visits in our outpatient
polyclinic. These women had uneventful pregnancies and no
obstetric disorders requiring preterm induction.

Sample size of the study was determined based on previously
published research using the G*Power 3.1.27 Statistical power (1—)
of 80% was deemed necessary at the 0.05 (a) significance level, and
the two-way analysis of variance test was used for the medium effect
size. The required sample size was calculated to be 31 subjects.

Following a physical examination and ultrasonographic
evaluation, peripheral blood samples were collected via the ulnar vein
from each pregnant woman for the analysis of CHOP and HSPA5
levels. The samples were centrifuged at 4000 rpm for 10 minutes,
after which the serum was separated and stored at —80°C until assay.

Serum CHOP and HSPA5 concentrations were analyzed using
the enzyme-linked immunosorbent assay (ELISA) method with
commercial kits (Shanghai Sunred Biological Technology Co., Ltd.,
China, CHOP Catalog No: 201-12-5342; HSPA5 Catalog No: 201-
12-3243) in accordance with the manufacturer’s instructions. In
the CHOP analysis, the intra-assay variation coefficient was<10%,
and the inter-assay variation coefficient was<12%, with a sensitivity
of 0.191 ng/mL. In the HSPA5 analysis, the intra-assay variation
coefficient was<10%, and the inter-assay<12%, with a sensitivity of
0.048 ng/mL.

The measurements were taken automatically on the ELISA
reader (ThermoScientific, Finland) using a computer program (Scanlt
for Multiscan FC 2.5.1). The absorbancy of each well was determined
at 450 nm. The concentration of samples and controls was calculated
based on the standard curve. The results are reported as the CHOP
and HSPAS5 concentration (ng/mL) in the samples.

Statistical Analysis

Continuous variables were presented as meanzstandard deviation
or median (min—-max), while categorical data were presented as
numbers and percentages. To assess the normality of continuous
variables, the Kolmogorov—Smirnov test was used. For variables
that exhibited a normal distribution, the Student’s t-test was applied.
Conversely, for variables that exhibited a non-normal distribution, the
Mann—Whitney U test was used. To compare categorical data, the
Chi-square test and Fisher’s exact test were employed. All analyses
were conducted using IBM SPSS version 26.0 (IBM Corporation,
Armonk, NY, USA), and statistical significance was set at p<0.05.
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Table 1: Demographic and clinical characteristics of pregnant

Table 2: Laboratory results of pregnant women with ICP and

women with ICP and controls controls

ICP (n=37) Control (n=36) p ICP (n=37) Control (n=36) p
Age (years) 30.59+4.40 29.11+6.79 0.271* HSPA5 2.28 (1.44-21.29) 2.13 (1.61-9.38) 0.164*
BMI (kg/m?) 30.36+5.58 29.20+3.95 0.311* (ng/mL)
GA at delivery (weeks) 35 (28—40) 37 (30—40) 0.002** CHOP 7.21 (3.78-55.14) 6.24 (3.50-17.68) 0.310**
Gravidity 2 (1-5) 2 (1-6) 0.424* (ng/mL)
Parity 1 (0-5) 0.5 (04) 0.547** AST 51 (8-340) 16 (6-34) <0.001**
Number of children 1 (0-5) 0 (0—4) 0.392** ALT 76 (6-557) 9.5 (4-28) <0.001**
History of cholestasis 4 (10.8) 0 (0) 0.115** Hb 11.3 (8.3—-185) 11.4 (8.7-14) 0.873**
History of IUFD 1(2.7) 0 (0) 1.000*** PLT 222 (0.98-445) 205 (103-371) 0.287**
Progesterone use 2(5.4) 1(2.8) 1.000*** INR 0.96 (0.35-153) 0.98 (0.80-1.21) 0.579**
UDC treatment 26 (70.3) 0 (0.0) <0.001*** Bile acid 22 (10.2-90) - -
Itching 32 (86.5) 1(2.8) <0.001**~ (umol/L)
Abdominal pain 1(2.7) 1(2.8) 1.000"** **: Mann-Whitney U Test; ***: Fisher’s Exact Test. ICP: Intrahepatic
Nausea 2(5.4) 1(2.8) 1.000*** cholestasis of pregnancy; HSPA5: Heat shock protein A5; CHOP: C/-
Loss of Appetite 5(13.5) 0 (0.0) 0.029*** EBP homologous protein; AST: Aspartate aminotransferase; ALT: Alanine
Steatorrhea 1(2.7) 0 (0) 1.000*** transaminase; Hb: Hemoglobine; PLT: Platelets; INR: International

*: Student’s T Test; **: Mann-Whitney U Test; ***: Fisher’s Exact Test. UDC:
Ursodeoxycholic acid; BMI: Body mass index; GA: Gestational age; IUFD:
intrauterine fetal death; ICP: Intrahepatic cholestasis of pregnancy. Data are
expressed as median (Q1-Q3), mean+SD or number (percentage) where
appropriate. A p value of <0.05 indicates a significant difference. Statistically

significant p-values are in bold.

RESULTS

The analysis included 37 pregnant women with ICP and 36 healthy
pregnant women. The mean age of the pregnant women with ICP
and controls was 30.59+4.40 and 29.11+6.79 years, respectively.
There was no significant difference between the groups in terms of
age, body mass index (BMI), gravidity, parity, number of children,
family history of ICP, history of intrauterine fetal death (IUFD), or
progesterone administration (p>0.05). A total of 26 (70.3%) of the
ICP group was on ursodeoxycholic acid treatment, whereas none
of the pregnant women in the control group received any medical
treatment (p<0.001). Itching was observed in 32 (86.5%) patients
in the ICP group and in 1 (2.8%) patient in the control group
(p=0.001). A loss of appetite was observed in 5 (13.5%) of the
ICP group, whereas no such cases were identified in the control
group (p=0.029). Significantly lower gestational weeks at delivery
was observed in the ICP group compared to the controls (p=0.002).
Demographic and clinical characteristics of pregnant women with
ICP and controls are given in Table 1.

The HSPA5 and CHOP values were observed to be higher in
the ICP group than in the control group. However, these differences
did not reach statistical significance, with p-values of 0.164 and
0.310, respectively. Patients with ICP had significantly higher alanine
transaminase (ALT) and aspartate transaminase (AST) values in
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normalized ratio. Data are expressed as median (Q1-Q3), mean+SD or
number (percentage) where appropriate. A p value of <0.05 indicates a

significant difference. Statistically significant p-values are in bold.

biochemical tests than the control group (for all, p<0.001). In terms
of other laboratory parameters, there were no significant differences
between the two groups. Laboratory results of pregnant women with
ICP and controls are presented in Table 2.

DISCUSSION

Research has indicated that GRP78 and CHOP levels in placental
tissue may be a valuable diagnostic tool for diseases characterised
by elevated ER stress, including ICP.7 In a similar vein, we
hypothesised that if GRP78 and CHOP levels in placental tissue
reflect increased ER stress, serum HSPA5 and CHOP measurement
would also reflect increased ER stress and serve as diagnostic
biomarkers for ICP. However, our findings indicated that while
maternal serum HSPA5 and CHOP levels were higher in the patients
with ICP compared to the healthy control group, the differences were
not statistically significant. Further research is necessary to fully
understand the diagnostic and prognostic significance of maternal
serum ER stress biomarkers in ICP.

A recent study conducted by Yu et al.?”! explored the expression
of HSPA5 and CHOP in placental tissue of ICP patients and reported
significantly increased expression of these markers in comparison to
healthy controls. Similarly, Wang et al.” also reported elevated levels
of HSPA5 and CHOP in the placenta of ICP patients. In contrast,
our study found no significant difference in the levels of HSPA5 and
CHOP between the patients with ICP and the healthy control group.
This discrepancy may be attributed to the fact that we examined
these markers in maternal serum rather than in placental tissue.
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Therefore, further research is needed to determine the association
between HSPA5 and CHOP levels in ICP and their potential role as
biomarkers for diagnosis.

Several limitations should be taken into consideration. Firstly, our
study examined these markers in maternal blood serum, while other
studies showing a connection assessed them in placental tissue.
This raises the possibility that the markers may not be released into
the bloodstream in detectable amounts. Secondly, the present study
involved a relatively small group (37 with ICP, 36 healthy controls).
Larger studies might yield more conclusive results. Lastly, the markers
assessed in our study were not specific to the endoplasmic reticulum
of the liver; they are also widely released in the lungs, breast, and
stomach. Despite these limitations, our study was the first to examine
the HSPA5 and CHOP markers in the maternal serum of ICP.

CONCLUSION

In conclusion, no robust evidence was found to support the use of
HSPA5 and CHOP values in the diagnosis of intrahepatic cholestasis
of pregnancy. However, this result may be attributed to the fact that
the markers were examined in venous blood rather than placental
tissue. It is recommended that further multicentric studies with larger
sample sizes be conducted to establish the clinical value of serum
HSPA5 and CHOP in the diagnosis of intrahepatic cholestasis.
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