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Novel serum and bile protein markers predict primary
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Background & Aims: Prognostic biomarkers are lacking in pri-
mary sclerosing cholangitis, hampering patient care and the
development of therapy. We aimed to identify novel protein
biomarkers of disease severity and prognosis in primary scleros-
ing cholangitis (PSC).

Methods: Using a bead-based array targeting 63 proteins, we
profiled a derivation panel of Norwegian endoscopic retrograde
cholangiography bile samples (55 PSC, 20 disease controls) and a
Finnish validation panel (34 PSC, 10 disease controls). Selected
identified proteins were measured in serum from two Norwegian
PSC cohorts (n=167 [1992-2006] and n=138 [2008-2012]),
inflammatory bowel disease (n = 96) and healthy controls (n = 100).
Results: In the bile derivation panel, the levels of 14 proteins were
different between PSC patients and controls (p <0.05); all were
confirmed in the validation panel. Twenty-four proteins in the bile
derivation panel were significantly (p <0.05) different between
PSC patients with mild compared to severe cholangiographic
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changes (modified Amsterdam criteria); this was replicated for
18 proteins in the validation panel. Interleukin (IL)-8, matrix met-
allopeptidase (MMP)9/lipocalin (LCN)2-complex, S100A8/9,
S100A12 and tryptophan hydroxylase (TPH)2 in the bile were
associated with both a PSC diagnosis and grade of cholangio-
graphic changes. Stratifying PSC patients according to tertiles of
serum IL-8, but not MMP9/LCN2 and S100A12, provided excellent
discrimination for transplant-free survival both in the serum
derivation and validation cohort. Furthermore, IL-8 was associ-
ated with transplant-free survival in multivariable analyses in
both serum panels independently of age and disease duration,
indicating an independent influence on PSC progression. How-
ever, the Enhanced Liver Fibrosis (ELF®) test and Mayo risk score
proved to be stronger predictors of transplant-free survival.
Conclusions: Based on assaying of biliary proteins, we have iden-
tified novel biliary and serum biomarkers as indicators of severity
and prognosis in PSC.

Lay summary: Prognostic biomarkers are lacking in primary scle-
rosing cholangitis, hampering patient care and the development
of therapy. We have identified inflammatory proteins including
calprotectin and IL-8 as important indicators of disease severity
and prognosis in bile and serum from patients with primary scle-
rosing cholangitis.

© 2017 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
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Introduction

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver
disease characterized by progressing inflammation and fibrosis of
the intra- and extrahepatic bile ducts, leading to cirrhosis in the
majority of patients. PSC is frequently associated with inflamma-
tory bowel disease (IBD) and other immunological diseases. To
date, liver transplantation is the only curative treatment in PSC,
as there is no medical therapy of proven benefit to halt disease
progression. The disease course is highly variable between PSC
patients, with transplant-free survival ranging from 12-21 years
in different cohorts [1,2].

Predictors of outcome in terms of liver transplantation or
death have been proposed, mainly based on biochemical vari-
ables (e.g. bilirubin or alkaline phosphatase) or clinical signs
(e.g. variceal bleeding or ascites) [3], but currently there are no
validated prognostic tools to reliably estimate the prognosis in
the individual patient [4,5]. Furthermore, the lack of validated
biomarkers reflecting relevant disease inflammatory activity is
a major hurdle for clinical trials struggling to demonstrate effect
of new therapeutic options. A position paper was recently pub-
lished by the International PSC Study Group aiming to define sur-
rogate endpoints for clinical trials based on a consensus process
[6]. Biomarkers reflecting liver fibrosis including the serum-
based Enhanced Liver Fibrosis (ELF®; Siemens Medical Solutions
Diagnostics Inc., Tarrytown, NY, USA) test have been reported
to predict prognosis in PSC [7]. Although promising biomarkers,
a critical question is whether the proposed markers reflect dis-
ease activity or disease stage.

In this study, we aimed to explore whether inflammatory
biomarkers or biomarkers of fibrosis other than ELF® represent
biomarkers of disease activity or disease stage in large-duct
PSC. As bile is in immediate contact with the primary target of
the disease, i.e. the cholangiocytes (of the bile ducts), we hypoth-
esized that the biliary protein pool would be more likely than
serum to accurately reflect disease activity. In order to investigate
this we performed an exploratory analysis of a large number of
putative biomarker proteins in bile, using a custom multiplex
antibody array platform and applying a two-step analysis with
validation of significant results in an independent panel. Sec-
ondly, we investigated the prognostic potential of key proteins
identified in bile, in sera from two independent cohorts by a sim-
ilar two-step derivation-validation analysis.

Materials and methods
Patient population and data collection

PSC was diagnosed based on typical cholangiographic findings according to
acknowledged criteria after the exclusion of secondary causes of sclerosing
cholangitis, and excluding small duct PSC [8,9]. The first pathological cholangio-
graphy defined the time of PSC diagnosis. For the PSC patients, we queried patient
records and research databases for information on clinical and laboratory data,
including fever, cholangitis, jaundice, ascites, encephalopathy, esophageal varices,
variceal bleeding, IBD status, colorectal or hepatobiliary malignancy, and medica-
tion at the time of bile or serum extraction. IBD diagnosis was based on colono-
scopy and histology findings. Diagnoses of ulcerative colitis (UC) and Crohn’s
disease were established by accepted criteria. We retrieved updated information
on liver transplantation dates and indications (Table S1) by December 31st 2012
from the Nordic Liver Transplant Registry and data on all-cause death by the same
date from the Norwegian Death Registry.
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We included two panels of bile samples; an exploratory derivation panel (bile
panel-1), and an independent validation panel (bile panel-2) (Fig. S1A). We
selected bile samples from PSC patients based on clinical and laboratory data in
order to constitute groups of varying disease activity, applying the original Ams-
terdam score [10] to categorize the PSC patients into groups of “mild” or “ad-
vanced” disease (Amsterdam scores 0-2 or >3, respectively) based on revision
of endoscopic retrograde cholangiography (ERC) images. Bile panel-1 consisted
of bile samples extracted at ERC from 55 large-duct PSC patients (16 mild, 37
advanced) and 20 disease controls (details in Fig. S1) retrieved from the NoPSC
Biobank, Oslo, Norway (Table 1). Bile panel-2 included bile samples extracted
at ERC from a Finnish cohort of 34 PSC patients (12 mild, 22 advanced) and 10
controls (Table 1).

For the serum analyses, we adopted a two-step study design including two
PSC panels recruited during two different, well-defined time periods (Fig. S1B).
The panels were not overlapping. Statistically significant results obtained in
serum panel-1 were tested in serum panel-2. Serum panel-1 included serum sam-
ples from 167 large-duct PSC patients (median follow-up time of 4 years [range:
0-20.1] from time of serum sampling) collected during 1992-2006. Serum panel-
2 included 138 independent PSC patients (median follow-up time of 2.2 years
[range: 0.0-4.3] from serum sampling) were collected during 2008-2012 from
the NoPSC Biobank. Control serum panels of 100 healthy controls and 96 UC cases
from a population based Norwegian cohort were retrieved for comparison [11].
The characteristics of the study populations are shown in Table 2.

Standard biochemical analyses were retrieved from clinical routine labora-
tory databases including C-reactive protein, white blood count, platelets, crea-
tinine, total bilirubin, albumin, international normalized ratio (INR), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP) and gamma-glutamyltransferase (GGT). Mayo risk scores were calculated
using the algorithm for the revised Mayo risk score [12].

Ethical approval

The protocol was in accordance with Declaration of Helsinki and approved by the
regional committee for research ethics in South Eastern Norway (reference num-
ber 2011/2572). All study participants provided written, informed consent.

Bile sample preparation

The samples were thawed and 100 pul of bile was added to 150 pul PBS containing
0.1% Tween 20 and protease inhibitor cocktail (Sigma-Aldrich, St. Louis, Missouri,
USA), then centrifuged at 4 °C for 10 min at 14,000 rpm. CleanAscite™ (100 pl, Bio-
tech Support Group, NJ, USA) and Protein G Sepharose (50 pul; Sigma-Aldrich) were
used for removal of lipids and immunoglobulins, respectively. Proteins were
labelled with amine-reactive biotin (NHS-PEO4-Biotin 1 mg/mL, Thermo Fischer
Scientific, IL, USA) for 45 min on ice and separated on a Superdex 200 10/300 GL
SEC column coupled to an Akta Purifier (GE Lifesciences). The mobile phase was
PBS containing 0.05% Tween 20 at a flow rate of 0.5 ml/min. After a retention vol-
ume of 8 ml, 24 fractions of 0.5 ml each were collected. The fractions were ali-
quoted and stored at —70 °C until analysis. The samples and fractions were kept
cold at all times during the preparation procedure to limit proteolysis.

Antibody array analysis

The production of the bead-based antibody array has been described in detail
elsewhere [13]. The antibodies used are commercially available and have been
evaluated thoroughly in-house with regard to specificity prior to the current
study [14]. A comprehensive list of the antibodies used is provided in Table S2.
Antibody-coupled beads were mixed, aliquoted and stored at —70 °C. Mixtures
of beads with up to 1728 different color codes were added to SEC fractions con-
taining biotinylated bile proteins. After overnight incubation, the beads were
washed three times with PBS containing 1% Tween 20 (PBT). Streptavidin-
conjugated phycoerythrin was added to label captured biotinylated proteins
(SA-PE, Jackson Immunoresearch). The beads were washed in PBT and analysed
with an LSRII flow cytometer (BD Biosciences, San Jose, California, USA) as
described previously [13]. Flow cytometry files were analysed with a customized
software capable of automatically reading the fluorescent bar codes of micro-
sphere subsets and exporting the median SA-PE fluorescence in text format
[15]. The data output is reactivity profiles for all antibodies in the array where
molecular size is on the x-axis and fluorescence intensity on the y-axis. Specific
target capture is visualized as peaks in the reactivity profile. In order to obtain
quantitative data we calculated the peak areas using scripts in Microsoft Excel.
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