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Summary

Autoantibodies to intracellular targets in mitochondria and nuclei are sero-
logical hallmarks of primary biliary cirrhosis (PBC). One of the most recently
identified cellular targets of PBC autoantibodies is a novel cytoplasmic struc-
ture referred to as GW bodies [GWB, G (glycine) W (tryptophan)-containing
bodies (GWB)]. GWB are indentified as discrete cytoplasmic domains that are
involved in mRNA processing via the RNA interference (RNAi) pathway. Key
components of GWB include the proteins GW182, Ago2, RNA-associated
protein 55 (RAP55) and Ge-1/Hedls. The primary objective was to study the
frequency and clinical association of antibodies directed to GWB components,
in 109 PBC patients.Autoantibodies to mitochondrial antigen–pyruvate dehy-
drogenase complex (M2), branched-chain 2-oxo-acid dehydrogenase complex
and 2-oxo glutarate dehydrogenase complex (3E-BPO), gp210, sp100, promy-
elocytic leukaemia cell antigen (PML) and liver kidney microsomal-1 antigen
(LKM-1) were detected by a line immunoassay and antibodies to GWB
(GW182, RAP55, Ge-1, GW2, GW3) and glutamate receptor interacting
protein (GRIP)-associated protein-1 (GRASP-1), by an addressable laser bead
immunoassay (ALBIA). The most common GWB autoantigen targets were:
RAP55-28%, GW182-12%, GW2-2% and antibodies to GRASP-1-17%. By
comparison, the frequency of reactivity to established PBC autoantigens was:
gp210, 27%; sp100, 27% and PML, 17%. None of the autoantibodies were
associated with differences in Mayo risk score or liver decompensation. This
study is the first study to show that antibodies to RAP55, GW182 and GRASP-1
are the most common GWB targets in PBC.
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Introduction

Primary biliary cirrhosis (PBC) is a chronic, progressive
autoimmune disorder of the liver characterized by non-
suppurative inflammation of small bile ducts, which may
lead ultimately to hepatic failure [1]. In addition to clinical
characteristics and liver biopsy, the detection of autoanti-
bodies is an important adjunct for the diagnosis of PBC.
Although anti-mitochondrial antibodies (AMA) are specific
and sensitive biomarkers for the diagnosis of PBC [2], their
prognostic value is not widely accepted [3]. In the last two
decades a number of other autoantibodies, including certain
anti-nuclear antibodies (ANAs) [4], have been recognized as
specific targets of PBC. More recently, some attention has
focused upon cytoplasmic target antigens that are identified
as a cytoplasmic dot staining (CDS) pattern produced by
autoantibodies in PBC sera [5,6]. One of the cellular targets
are mRNA processing bodies (P bodies), also known as GW
bodies [GWB, G (glycine) W (tryptophan)-containing
bodies (GWBs)] [7], which have been reported in 5–10% of
PBC sera [5,6]. In addition, autoantibodies to another
recently described cytoplasmic target antigen, glutamate
receptor interacting protein (GRIP)-associated protein-1
(GRASP-1), also gives a CDS pattern [8], and one study that
focused upon identifying novel target antigens by immuno-
screening protein arrays found that seven of seven of PBC
sera reacted with this antigen [9].

A number of studies have indicated that certain autoanti-
bodies seen in PBC are associated with certain clinical
features. For example, antibodies to the nuclear envelope
protein gp210 have been shown to be associated with severe
disease and anti-centromere antibodies with progressive
portal hypertension in a Japanese PBC cohort [10]. However,
to date there have been no published reports of the associa-
tion of anti-GWB with clinical features of the disease. There-
fore, the goal of this project was to examine the frequency of
autoantibodies to components of GWBs and other autoan-
tibodies that give a CDS pattern (i.e. GRASP-1) and to study
their relationship to other autoantibodies and clinical fea-
tures in a cohort of 109 PBC patients.

Material and methods

Patients and sera

All patients were assessed and followed by one of six hepa-
tologists at a single tertiary care medical centre in Southern
Alberta, Canada (referral base of ~1·5 million) between 2006
and 2009. Patients had a clinical diagnosis of PBC and other
co-existing liver diseases were excluded by standard testing.
The diagnosis of PBC was based on the presence of at least
two of the following three criteria: cholestatic liver biochem-
istry, AMA-positivity and/or compatible liver histopathology
(31 patients) [11]. One hundred and nine PBC patients were
recruited to the study, and their serum samples were col-

lected and sent to the Mitogen Advanced Diagnostics Labo-
ratory at the University of Calgary (http://www.mitogen.ca)
for autoantibody analysis. Written consent was obtained
from all patients in accordance with the project approved by
the Conjoint Health Ethics Review Board at the University of
Calgary. Clinical and demographic data were obtained by
retrospective chart review and were used to calculate the
Mayo risk score (http://www.mayoclinic.org) [12]. Sera from
age-matched normal (n = 500) and other disease controls
[20 primary sclerosing cholangitis; 40 liver-kidney-
microsome (LKM) antibody-positive autoimmune hepatitis;
50 coeliac disease] were obtained from Mitogen Advanced
Diagnostic Laboratory.

Indirect immunofluorescence (IIF)

Anti-mitochondrial antibodies (AMA) were detected rou-
tinely by IIF using rodent kidney substrate and conventional
techniques, as published previously [13]. In addition, each
serum was screened by IIF at a dilution of 1:160 for other
autoantibodies utilizing a commercially prepared human
epidermoid cancer cell (HEp-2) substrate kit (HEp-2000™;
ImmunoConcepts, Inc., Sacramento, CA, USA) and a heavy
chain-specific, fluorescein-conjugated goat anti-human
immunoglobulin (Ig)G as the secondary antibody as
described previously [14]. Antibodies to dsDNA were deter-
mined by IIF using a Crithidia luciliae substrate (Immuno-
Concepts, Inc.) [15]. Co-localization of cytoplasmic discrete
dot staining was performed with a monoclonal antibody to
GW182, a component of GW bodies [16].

Addressable laser bead immunoassay (ALBIA)

The reactivity of the sera with Sm, U1-RNP, Ro52, SS-A/
Ro60, SS-B/La, ribosomal P (C22 epitope [17]), Jo-1
(histidyl-tRNA synthetase), chromatin and topoisomerase I
(Scl-70) autoantigens was determined by ALBIA (Quanta-
Plex9; INOVA Diagnostics, Inc., San Diego, CA, USA) on a
Luminex 100 flow fluorometer (Luminex Corp., Austin, TX,
USA), as described elsewhere [18]. Antibodies to GWB com-
ponents and other cytoplasmic targets including valosin-
containing protein (VCP) [19], early endosome antigen 1
(EEA1) [20], Ge-1/Hedls [21], signal recognition particle
(SRP) [22], GW182, GW2, GW3 [6], Ribo P2 [23], RNA-
associated protein 55/like Sm antigen (Rap55/LSm14) [24]
and cytoplasmic linker protein (CLIP-170) [25] were also
assayed by ALBIA. All proteins were full-length recombinant
human proteins, except GW2 and GW3, which were partial
length recombinant proteins.

Line immunoassay (LIA)

Autoantibodies to antigens associated with autoimmune
liver disease (M2, 3E-BPO, Sp100, PML, gp210, LKM-1,
LC-1, SLA/LP, Ro52) were identified by LIA (Euroimmun,
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Lübeck, Germany) using the protocol supplied by the
manufacturer. Similarly, autoantibodies to a spectrum of
common autoantigens seen in systemic autoimmune dis-
eases (RNP68, RNPA, RNPC, SmB, SmD, Ro/SSA60,
Ro/SSA52, SSB/La, Rib-P, PCNA, CENP-B, scleroderma, Scl-
70, Jo-1, histone, dsDNA) were tested in a commercially
available LIA (Mikrogen GmbH, Neuried, Germany).

Western blot

Full-length recombinant GRASP-1 was produced as a poly-
histidine tagged protein in pDEST-17 vector (Invitrogen
Corporation, Carlsbad, CA, USA) and then purified on a
nickel column (Ni-NTA spin kit; Qiagen, Inc., Valencia, CA,
USA). Three mg of the purified protein was then loaded in
each lane of a 10% sodium dodecyl sulphate polyacrylamide
gel and after separation at 120 volts for 1·5 h was transferred
to nitrocellulose sheets. Strips of nitrocellulose were then
probed for reactivity with sera diluted 1:100 using a conven-
tional immunoblot procedure, as published previously [20].

Clinical outcomes

In addition to the autoantibody profile (including AMA)
and Mayo risk score, other clinical outcomes examined
included laboratory values of total bilirubin, albumin, alka-
line phosphatase (ALP), creatinine (Cr) and prothrombin
time (INR). Hepatic decompensation was defined as the
presence of ascites, varices or encephalopathy at any time
point after diagnosis. Retrospective chart review was con-
ducted to determine the presence of any other autoimmune
conditions. Finally, a response to UDCA was defined as a
decrease in ALP > 40% from pretreatment level or normal-
ization of ALP after 1 year of treatment [26].

Data analysis

Demographic characteristics of the study cohort and anti-
body titres were described according to the median [inter-
quartile range (IQR)] and proportions. Comparisons
between groups (e.g. antibody-negative versus -positive)
were made using Fisher’s exact and c2 tests for categorical
variables and Mann–Whitney U-tests for continuous vari-
ables, as appropriate. All statistical analyses were performed

using stata version 10 software (Stata Corp., College
Station, TX, USA). A P-value less than 0·05 was considered
statistically significant.

Results

Patient characteristics

The demographics and laboratory values of the 109 PBC
patients included in this study are shown in Table 1. The
majority (92%) was female and the median ages at diagnosis
of PBC and sera collection were 53 (IQR 24–77) and 58 years
(IQR 33–90), respectively. Therefore, the median duration of
disease follow-up after the diagnosis of PBC was 5 years
(IQR 1–28). Fatigue and/or pruritus were present in 45% of
patients at the time of diagnosis (n = 49). Retrospective chart
review indicated that 94% (n = 103) had a positive conven-
tional AMA test (rodent kidney substrate) at the time of
diagnosis. Demographic and clinical features did not differ
between AMA-positive and -negative patients (Table 2). The
median Mayo risk score at the time of disease diagnosis was
4·06 (available for 95 of 109 patients) (IQR 2·0–6·8). The

Table 1. Clinical features and laboratory findings in 109 primary biliary

cirrhosis (PBC) patients at the time of sera collection.

Female/male (%) 92/8

Age at diagnosis, years 53 (24–77)*

Length of disease, years 5 (1–28)*

AMA+ (%) 94

IIF+ (%) 100

Mayo risk score 4·05 (2·2–7·8)*

Bilirubin, mmol/l (normal = 0–20) 8 (2–60)*

Albumin, g/l (normal = 33–48) 38 (24–44)*

ALP, U/L (normal = 30–145) 126 (39–753)*

Cr, mmol/l (normal = 50–120) 71 (37–157)*

INR (normal = 0·9–1·1) 1 (0·9–1·2)*

Treatment with UDCA (%) 92

Other medications for PBC (%) 7

Other autoimmune conditions (%) 21

Liver biopsy (%) 31

Hepatic decompensation (%) 6

*Median (IQR) laboratory values. ALPL, alkaline phosphatase;

AMA, anti-mitochondrial antibodies; Cr, creatinine; IIF, indirect immu-

nofluorescence; INR, prothrombin time; IQR, interquartile range n,

normal value; UDCA, ursodeoxycholic acid.

Table 2. Clinical and biochemical features of anti-mitochondrial antibodies (AMA)-positive and AMA-negative primary biliary cirrhosis (PBC)

patients.

AMA-positive

(n = 103) (94%)

AMA-negative

(n = 6) (6%) P-value

Age (years) (median) 58 (51–65) 61 (56–75) 0·34

Female, n (%) 94 (92) 6 (100) 1

Mayo score (median) 4·0 (3·6–4·6) 4·5 (3·8–5·1) 0·33

Associated autoimmune conditions, n (%) 20 (19) 1 (17) 1

Hepatic decompensation, n (%) 7 (7) 0 1

Anti-GWB in primary biliary cirrhosis
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median Mayo risk score at the time of sera collection was
4·05 (IQR 2·2–7·8), giving an estimated 5-year survival of
91% [12] (Table 1). The median laboratory values at the time
of sera collection of total bilirubin, albumin, ALP, Cr and
INR are shown in Table 1. Ninety-two per cent (n = 100) of
patients were treated with ursodeoxycholic acid (UDCA) at
an average daily dose of 14 mg/kg (IQR 7–27 mg/kg). Eight
patients (7%) were on additional medications; seven on
methotrexate (average dose 11 mg/week), one on Rituximab
(1 g, two doses separated by 2 weeks) and three on colchicine
(dose 1·2 mg/day). Nineteen per cent (n = 21) had co-
morbid autoimmune conditions (Raynaud’s, seven; systemic
sclerosis, six; autoimmune thyroid disease, four; Sjögren’s
syndrome, four; rheumatoid arthritis, four; systemic lupus
erythematosus, one; antineutrophil cytoplasmic antibodies-
related glomerulonephritis, one; autoimmune hepatitis, one;
coeliac disease, one; sarcoidosis, one; ulcerative colitis, one;
subacute cutaneous lupus, one). Seven patients (6%) had
evidence of hepatic decompensation at some point in their
disease course.

Autoantibody results

At the time of sera collection, all PBC patients displayed a
positive IIF as tested on HEp-2 cells, with a variety of stain-

ing patterns (Table 3). The most common patterns were
cytoplasmic speckled/mitochondrial in 91% followed by
nuclear speckled (65%) and nuclear envelope (57%). The
CDS pattern was seen in 23% of the sera, and in selected sera
this pattern co-localized with markers of GW bodies (Fig. 1).
As expected, the most prevalent antigen targets were the
mitochondrial M2 and 3E-BPO autoantigens (Table 4): 89
(82%) patients were M2-positive and 80 (73%) were
3E-BPO-positive. By comparison, 71 (65%) had both
anti-M2 and anti-3E-BPO; 18 (17%) had antibodies to M2
but not 3E-BPO; nine (8%) had antibodies to 3E-BPO but
not M2 and 11 (10%) did not have antibodies to either M2
or 3E-BPO. Also as measured by LIA, the frequency of reac-
tivity to other common autoantigens associated with PBC
were: gp210 27%, sp100 27% and PML 17%. None of the
sera had antibodies to the liver–kidney–microsome (LKM)
antigen and Table 4 shows the frequency of various autoan-
tibodies detected in our study in comparison to the frequen-
cies cited in other publications. Antibodies to GWB were
detected in one of 500 age-matched controls, but were not
detected in sera from the 20 primary sclerosing cholangitis,
40 LKM antibody-positive autoimmune hepatitis or 50
coeliac disease patient sera.

As measured by ALBIA, the most common GWB autoan-
tigen targets of the PBC sera were: RAP55 28%, GW182 12%
and GW2 2%, but none reacted with Ge-1. The normal
serum with anti-GWB antibodies reacted with GW182. Sev-
enteen per cent (n = 18) of the PBC sera had antibodies to
GRASP-1, as detected by immunoblotting techniques. Of
interest, of the 25 samples that showed the CDS pattern by
IIF, only 11 reacted with GWB components included in our
ALBIA (nine RAP55; one GW1; one GW2) and three reacted
with GRASP-1. Further, not all sera with antibodies to GWB
components as detected by ALBIA were identified as having
anti-GWB on the basis of IIF on HEp-2 cells primarily
because the CDS pattern in some cases was masked or
obscured by AMA staining (Fig. 1). Of the 25 samples with
the CDS pattern, 20 also had a cytoplasmic speckled/
mitochondrial pattern on IIF. In an analysis of the PBC sera
with anti-GWB, all were associated with other autoantibod-

Table 3. Prevalence of indirect immunofluorescence staining patterns

of 109 primary biliary cirrhosis (PBC) sera on human epidermoid

cancer cell (HEp-2) substrate.

IIF pattern* % Reference

Cytoplasmic speckled/mitochondrial 91 [51]

Nuclear speckled 65 [56]

Nuclear envelope 57 [4,57,58]

Cytoplasmic discrete speckled 23 [5,51]

Multiple nuclear dots 22 [58,59]

Centromere 10 [56,60]

Homogeneous 4 [56]

Nucleolar 2 [61]

Midbody 1 [62]

*Reviewed in [63]. IIF, indirect immunofluorescence.

(a) (b) (c)

Fig. 1. Indirect immunofluorescence (IIF) of a human primary biliary cirrhosis (PBC) serum on a conventional clinical laboratory screening

substrate, human epidermoid cancer cells (HEp-2), displayed a cytoplasmic staining pattern typical of anti-mitochondrial antibodies (a).

Co-localization with a monoclonal antibody 4B6 (anti-GW182) (b) revealed that the some sera also had a cytoplasmic dot staining (CDS)

pattern that was masked by the anti-mitochondrial antibodies (AMA) staining but that co-localized (arrows) with GWB, G (glycine) W

(tryptophan)-containing bodies (GWBs) (c). Reactivity with GWB was substantiated by addressable laser bead immunoassay (ALBIA) when it was

found that these sera had high titres of antibodies to components of GWB (i.e. RAP55, GW182).

L. M. Stinton et al.

150 © 2010 The Authors
Clinical and Experimental Immunology © 2010 British Society for Immunology, Clinical and Experimental Immunology, 163: 147–156



ies and hence anti-GWB antibodies were not an independent
serological variable.

Associations between autoantibodies and
clinical features

For antibodies with a frequency of >10%, a more in-depth
analysis of the clinical associations was examined (Table 5).
None of the autoantibodies, including gp210 or Sp100, were
associated significantly with differences in Mayo risk score or
evidence of liver decompensation. As expected, M2 and
3E-BPO autoantibodies were associated with a positive AMA
as detected by IIF (P = 0·001, P = 0·005), and CENP-B anti-
bodies were associated with other autoimmune conditions
(one Sjögren’s syndrome, six systemic sclerosis, three
Raynaud’s) (P = 0·04). Only antibodies to 3E-BPO were
associated significantly with a response to UDCA treatment.

Discussion

The IIF cytoplasmic discrete speckled (CDS) pattern has
been reported in 0·1–9% of sequential sera submitted to a
clinical diagnostic laboratory for IIF testing [6,27]. This wide
range probably depends upon the substrates used for testing,
the awareness of laboratory personnel of this pattern of
staining and the referral pattern of the diagnostic laboratory.
Autoantibodies producing the CDS pattern react with five to
20 circumscribed cytoplasmic structures, which is distinct
from other cytoplasmic staining patterns [5]. In addition to
lysosomes and endosomes [27], one of the targets of this
particular IIF pattern are mRNA processing bodies known as
GW bodies (GWBs) or P bodies [7]. GWBs are known to
have a key role in the RNA interference (RNAi) pathway
[28]. These structures, having a diameter of 100–300 mM, are

somewhat unique in that they do not have a limiting mem-
brane and they contain several autoantigen targets, including
GW182 (GW1) [29], Ge-1/Hedls [21], Ago2 [6], diacyl-
phosphatidylethanolamine [30] and RAP55/LSm14 [24].
RAP55 (also known as LSm14) is a protein believed to be
involved in shuttling mRNAs between GWBs and stress
granules [24]. Ge-1 (also known as Hedls) is believed to be
involved in the P-body decapping process [21]. In previous
studies, the most common clinical associations of autoanti-
bodies to GWBs were Sjögren’s syndrome, ataxia and
neuropathies [6,18]. Other studies have indicated that
approximately 5–10% of PBC patients have autoantibodies
against GWBs [5,6].

In our PBC cohort, 23% had a CDS IIF pattern, and we
tested all sera for reactivity against an array of GWB antigens
components that included RAP55, GW1, GW2, GW3 and
Ge-1. A previous study from our laboratory found that the
most common target of a serological anti-GWB cohort was
Ge-1 (58%), followed by GW1 (40%) [6]. However, in the
PBC disease cohort that was the focus of the current study,
RAP55 (28%) and GW1 (12%) were the most common
targets. This highlights the difference of findings between a
serological cohort (i.e. anti-GWB sera) and a disease cohort
(i.e. PBC patients) and suggests that perhaps there are
disease-specific patterns of the anti-GWB response. Of note,
only a minority of samples that had antibodies to GWB
components displayed a readily identified CDS staining
pattern (RAP55 9, GW1 1, GW2 1). Possible explanations for
this may include that the CDS pattern is masked by the more
prominent cytoplasmic/mitochondrial pattern commonly
seen in PBC sera, indicating that IIF is not a sensitive method
to detect these antibodies and, hence, more specific assays
such as ALBIA that contain the relevant GWB analytes are
needed for their detection. In addition, our data indicate that

Table 4. Antibody prevalence in the primary biliary cirrhosis (PBC) cohort compared to the literature.

Antigen M2 3E-BPO Ro52 RAP55 gp210 sp100 PML GRASP-1 GW182

Frequency % 82 73 32 28 27 27 17 17 12

Reported Frequency % 75–96 57 25–28 57 17–25 20–30 19 100 50

References [64] [65] [51,53] [9] [36,64] [4,35,64] [42] [9] [6]

Antigen CENP-B VCP SS-A/Ro60 SS-B/La SLA/LP dsDNA GW2 Scl-70 PCNA

Frequency % 11 11 8 6 3 3 2 2 2

Reported Frequency % 10–30 12 30 7 0·6–4 10–17 n.a. 0 n.a.

References [48,66,67] [19,52] [53] [66] [64,68] [53,69] [67]

Antigen Ribo-P RNP EEA1 Chromatin Ge-1 Sm Jo-1 Histone

Frequency % 1 1 1 1 0 0 0 0

Reported Frequency % 5 5 n/a 7–25 100 24–34 24–26 81

References [66] [67] [64,66] [9] [53,67] [53,67] [53]

EEA1, early endosomal antigen 1; 3E-BPO, branched-chain 2-oxo-acid dehydrogenase complex and 2-oxo glutarate dehydrogenase complex; CENP,

centromere; GRASP-1, glutamate receptor interacting protein (GRIP)-associated protein-1; LC-1, liver cytosolic-1 antigen; LKM-1, liver kidney

microsomal-1 antigen; M2, mitochondrial antigen–pyruvate dehydrogenase complex; PCNA, proliferating cell nuclear antigen; PML, promyelocytic

leukaemia cell antigen; n.a., not available or not published; SLA/LP, soluble liver antigen/liver pancreas antigen; Sm, Smith/U2-U6 ribonucleoprotein

antigen; SRP, signal recognition particle; VCP, valosin-containing protein.
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Table 5. Association of autoantibodies having a prevalence >10% with Mayo risk score, AMA results, associated autoimmune conditions, hepatic

decompensation and response of treatment with UDCA in 109 PBC patients.

Autoantibody
(frequency) Positive (+) Negative (-) P-value

M2 (82%) Mayo risk score, median (IQR) 4·0 (3·6–4·6) 4·2 (3·7–4·5) 0·95
AMA-positive, n (%) 88 (99) 15 (75) 0·001
Associated autoimmune conditions, n (%) 18 (20) 3 (15) 0·76
Hepatic decompensation, n (%) 6 (7) 1 (5) 1
Response to UDCA, n (%) 41 (55) 10 (63) 0·78

3E-BPO (73%) Mayo risk score, median (IQR) 4·0 (3·6–4·7) 4·1 (3·7–4·5) 0·6
AMA-positive, n (%) 79 (99) 24 (83) 0·005
Associated autoimmune conditions, n (%) 16 (20) 5 (17) 1
Hepatic decompensation, n (%) 6 (8) 1 (3) 0·67
Response to UDCA, n (%) 33 (49) 18 (82) 0·007

Ro52 (32%) Mayo risk score, median (IQR) 4·0 (3·7–4·6) 4·1 (3·6–4·6) 0·79
AMA-positive, n (%) 31 (89) 72 (97) 0·08
Associated autoimmune conditions, n (%) 10 (29) 11 (15) 0·12
Hepatic decompensation, n (%) 2 (6) 5 (7) 1
Response to UDCA, n (%) 11 (52) 40 (58) 0·8

RAP55 (28%) Mayo risk score, median (IQR) 3·9 (3·3–4·4) 4·1 (3·7–4·8) 0·13
AMA-positive, n (%) 30 (97) 73 (94) 0·67
Associated autoimmune conditions, n (%) 6 (19) 15 (19) 1
Hepatic decompensation, n (%) 2 (6) 5 (6) 1
Response to UDCA, n (%) 17 (59) 34 (56) 0·82

gp210 (27%) Mayo risk score, median (IQR) 4·4 (3·8–4·6) 4·0 (3·6–4·6) 0·07
AMA-positive, n (%) 29 (97) 74 (94) 1
Associated autoimmune conditions, n (%) 4 (13) 17 (22) 0·42
Hepatic decompensation, n (%) 2 (7) 5 (6) 1
Response to UDCA, n (%) 12 (52) 39 (58) 0·63

Sp100 (27%) Mayo risk score, median (IQR) 4·0 (3·7–4·5) 4·1 (3·6–4·6) 0·65
AMA-positive, n (%) 28 (97) 75 (94) 1
Associated autoimmune conditions, n (%) 3 (10) 18 (23) 0·18
Hepatic decompensation, n (%) 1 (3) 6 (8) 0·67
Response to UDCA, n (%) 12 (48) 39 (60) 0·35

PML (17%) Mayo risk score, median (IQR) 4·0 (3·7–4·5) 4·1 (3·6–4·6) 0·61
AMA-positive, n (%) 18 (95) 85 (94) 1
Associated autoimmune conditions, n (%) 2 (11) 19 (21) 0·36
Hepatic decompensation, n (%) 1 (5) 6 (7) 1
Response to UDCA, n (%) 8 (57) 43 (57) 1

GRASP-1 (17%) Mayo risk score, median (IQR) 4·0 (3·7–4·8) 4·1 (3·6–4·6) 0·85
AMA-positive, n (%) 17 (94) 86 (95) 1
Associated autoimmune conditions, n (%) 4 (22) 17 (19) 0·75
Hepatic decompensation, n (%) 2 (11) 5 (5) 0·33
Response to UDCA, n (%) 10 (67) 41 (55) 0·57

GW1 (12%) Mayo risk score, median (IQR) 4·1 (3·7–4·4) 4·0 (3·6–4·6) 0·99
AMA-positive, n (%) 12 (92) 91 (95) 0·54
Associated autoimmune conditions, n (%) 1 (8) 20 (21) 0·46
Hepatic decompensation, n (%) 0 (0) 7 (7) 0·6
Response to UDCA, n (%) 8 (67) 43 (55) 0·54

CENP-B (11%) Mayo risk score, median (IQR) 3·7 (3·3–4·6) 4·1 (3·7–4·6) 0·33
AMA-positive, n (%) 9 (82) 94 (96) 0·11
Associated autoimmune conditions, n (%) 5 (45) 16 (16) 0·04
Hepatic decompensation, n (%) 1 (9) 6 (6) 0·54
Response to UDCA, n (%) 5 (50) 46 (58) 0·74

VCP (11%) Mayo risk score, median (IQR) 3·7 (3·0–4·3) 4·1 (3·7–4·6) 0·13
AMA-positive, n (%) 11 (92) 92 (95) 0·51
Associated autoimmune conditions, n (%) 3 (25) 18 (19) 0·7
Hepatic decompensation, n (%) 2 (17) 5 (5) 0·17
Response to UDCA, n (%) 8 (67) 43 (55) 0·54

AMA, anti-mitochondrial antibodies by IIF; 3E-BPO, branched-chain 2-oxo-acid dehydrogenase complex and 2-oxo glutarate dehydrogenase
complex; CENP, centromere protein; GRASP-1, glutamate receptor interacting protein (GRIP)-associated protein-1; PML, promyelocyte leukaemia
antigen; UDCA, ursodeoxycholic acid; VCP, valosin-containing protein; IQR, interquartile range.
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there are probably other still to be identified CDS antigenic
targets, including unknown GWB antigens, which were not
assayed in our study.

As noted above, in our previous studies of a GWB serology
cohort [6] we found that Ge-1 was the most common target
autoantigen for anti-GWB sera, with a frequency of 58%.
However, of the 38 of 55 patients who were positive for Ge-1
in that study, only one was known to have PBC while three
other PBC patients in this cohort had other anti-GWB
reactivity. In a study that probed a protein macroarray with
seven PBC sera that had a CDS pattern, it was found that
anti-RAP55 was present in four (57%) and anti-Ge-1 in four
(57%) of sera [9]. In our larger unselected PBC cohort, we
found that the frequency of anti-RAP55 (28%) and anti-
Ge-1 (0%) was remarkably lower. This discrepancy is prob-
ably due to differences in techniques and assays used to
detect RAP55 and Ge-1 and also differences in the demo-
graphics of the patient cohort, most notably the fact that the
former study used preselected PBC sera with the CDS
pattern, whereas the PBC patients in our study were not
preselected.

GW182 (GW1) was the first autoantigen discovered in
GWBs [7], and we found previously that this was a common
target autoantigen (40%) for anti-GWB sera, and of the 22 of
55 patients who reacted with GW182 only two had PBC [6].
In the present study of our PBC cohort, we found that the
frequency of anti-GW182 was 12% (n = 13). Other target
antigens in GWBs are GW2 and GW3, but antibodies to
these proteins in our PBC cohort were remarkably uncom-
mon (2% and 0·9%, respectively), suggesting that these are
probably not significant autoantibody targets of PBC
patients. By comparison, 16% of a cohort of GWB sera
reacted with GW2 and 9% with GW3 [6], once again empha-
sizing the different perspectives that can be gained when
studying disease cohorts as opposed to serology cohorts.

Human autoantibodies directed against the novel autoan-
tigen GRASP-1 are also associated with a CDS IIF staining
pattern on HEp-2 substrates that does not overlap or
co-localize with GWBs [8]. A previous study reported that
seven of seven sera from PBC patients preselected on the
basis of CDS pattern reacted to GRASP-1 [9]. When exam-
ined by immunoblot, the frequency of anti-GRASP-1 in our
unselected PBC cohort was 17% (n = 18). GRASP-1 is
thought to be expressed primarily in tissues of the nervous
system, and has been shown to be involved in the regulation
of alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate
(AMPA) receptor function and receptor synaptic targeting
[31]. Of interest with respect to the relevance to PBC,
GRASP-1 shares a reactive epitope with component X of the
pyruvate dehydrogenase complex (PDC) [8], a common
autoantibody target in PBC patients [32].

ANA are found in approximately 30–50% of unselected
PBC patients [3,4,33], and are seen even more frequently (up
to 85%) in PBC patients who are AMA-negative [3]. Com-
pared to patients who are ANA-negative, patients who are

ANA-positive have been reported to be at higher risk of
developing liver failure [34]. The most relevant IIF patterns
in PBC are nuclear rim [35] and multiple nuclear dots
(MND, NSpI) [3,36], which were suggested as surrogate sero-
logical markers of the disease in AMA-negative patients
[3,37]. The nuclear rim pattern is indicative of antibodies
directed against components of the nuclear envelope and
nuclear pore complex, with gp210 being the primary target
antigen in PBC [38]. Gp210 antibodies were found in
approximately 25% of patients with PBC, had a specificity of
greater than 95% [36,39] and were associated with an
increased risk of hepatic failure [10,40,41] and a higher Mayo
risk score [42]. In the present study, 27% of our PBC cohort
reacted with gp210, but there was no significant association
with a higher Mayo risk score or liver decompensation. A
possible explanation for this is that our cohort appeared to
have a milder disease course with a lower overall Mayo risk
score (median 4·05) than these previous studies. For
example, by comparison, other studies of autoantibodies in
PBC had Mayo scores of 4·2–4·8 [42], 4·1–4·3 [10], 5·7–6·1
[43] and 4·7 [41]. In addition, due to the relatively short
follow-up of our study, decompensation would not necessar-
ily be expected in patients with mild disease.

A primary target of sera that produce the MND pattern of
staining is sp100 [3,4] and antibodies directed to Sp100 are
reported in 20–30% of PBC patients [4]. Consistent with
these studies, 27% of our PBC sera reacted with sp100. PML
is a cell growth suppressing protein expressed aberrantly in
promyelocytic leukaemia cells [44], and anti-PML antibod-
ies are often seen together (co-autoimmunogenic) with
sp100 in patients with PBC [45]. Antibodies to PML were
found in 17% of our PBC patients, which is similar to pre-
viously reported frequency of 19% by others [42]. Sp100 and
PML occurred together in 87% (n = 95) of patients in our
cohort (15% dually positive, 72% dually negative). Although
it has been reported that antibodies to sp100 and PML may
be associated with an unfavourable disease course [46], we
found no difference in the Mayo risk score or hepatic
decompensation.

Anti-centromere antibodies (ACA) are a hallmark of the
limited cutaneous subset of systemic sclerosis (SSc) [47].
ACA have been found in approximately 20–35% of PBC
patients [48], and may be associated with increased risk of
the development of portal hypertension or liver failure [34].
However, recent studies have found that in patients with SSc
and PBC, ACA was associated with less severe hepatic
involvement [49]. We did not find a significant difference in
Mayo risk score or hepatic decompensation associated with
CENP-B antibodies; however, it was associated with other
autoimmune conditions. Ten per cent (n = 11) of our cohort
showed centromere staining, as detected by IIF on HEp-2
cells, and 11% (n = 12) reacted with CENP-B by LIA. As only
one serum with anti-CENP-B antibodies was missed by IIF, it
suggests that the IIF test on HEp-2 substrates is a somewhat
sensitive assay to detect ACA in PBC sera.
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Antibodies to Ro52 have been associated with a number of
systemic autoimmune diseases, most notably polymyositis,
Sjögren’s syndrome and SSc [50]. A recent study found that
28% of PBC patients had antibodies to Ro52 and this was
associated with more advanced and active liver disease [51].
We found that the frequency of anti-Ro52 in our cohort was
similar (32%), but there was no difference in the Mayo risk
score or hepatic decompensation between those positive and
negative for anti-Ro52.

VCP plays a role in nuclear envelope assembly and the
post-mitotic formation of the endoplasmic reticulum and
Golgi apparatus. This antibody was found in 12% of patients
with PBC [52], and was suggested to be associated with a
milder course [19]. In general agreement with previous
reports, our study found that antibodies to VCP were found
in 11% of patients and the average Mayo risk score of the 12
patients positive for anti-VCP was 3·7 compared with 4·1 of
the entire cohort. While this suggests a trend to milder
disease associated with anti-VCP, this difference was not sta-
tistically significant (P = 0·13).

Lastly, we noted that in our PBC cohort a positive anti-M2
LIA was more prevalent than anti-3E-BPO LIA. This finding
was unexpected, because it has been suggested that the
hybrid 3E-BPO analyte comprising major epitopes from
oxaloacid dehydrogenase proteins has a higher sensitivity
than the more traditional M2 (pyruvate dehydrogenase)
antigen [53]. Further, of the six patients who were AMA-
negative at diagnosis, one had anti-M2 and one had anti-3E-
BPO, confirming that these assays have modestly increased
sensitivity compared to the conventional IIF AMA screening
test. We have considered that these findings might be related
to UDCA therapy, although other studies found that AMA
titres were not affected by this therapeutic modality [54,55].

This study of autoantibodies was focused primarily upon
the prevalence of anti-GWB in a cohort of unselected PBC
patients. Our study may have certain limitations that do not
permit wide generalizations for all PBC patients. First, as a
group, our PBC cohort seems to represent a milder disease as
evidenced by the modest Mayo scores. Our estimated 5-year
survival was 91% (based on Mayo risk score), and only 6%
had evidence of hepatic decompensation. An epidemiologi-
cal study by a Canadian PBC cohort, which included some of
the current study population, described an overall survival of
80% and transplantation in 4·4% after a median follow-up
of 5·8 years [11]. These differences may reflect the retrospec-
tive nature of our study and/or the fact that patients with a
poor prognosis had already died and were not available to
provide sera for the current study. Due to the small number
of patients with decompensation in our study, the calcula-
tion of clinical associations with specific antibodies is
underpowered. In addition, 92% of our patients were on
UDCA at the time of sera collection and analysis, although to
our knowledge there are limited data available showing that
UDCA treatment affects the natural history of autoantibody
frequency in PBC. A previous study found that approxi-

mately 50% of anti-gp210-positive patients became anti-
gp210-negative and that this was associated with a milder
disease course [10]. A prospective, longitudinal study exam-
ining the effect of medications on autoantibody profiles is
needed.

In summary, in patients with PBC, a wide variety of target
autoantigens are found in different frequencies. The CDS IIF
pattern is relatively common and should alert clinicians to a
possible diagnosis of PBC. In some sera the presence of
anti-GWB is masked by the presence of cytoplasmic staining,
particularly anti-mitochondrial antibodies. Thus, based on
IIF analysis alone, the presence and frequency of anti-GWB
is probably underestimated. This is the largest study to date
showing that the RAP55 and GW182 antigen targets of
GWBs and GRASP-1 are found in relatively high frequency
in PBC patients. The clinical significance of the GWB anti-
bodies will require further investigation. Identification of
anti-GWB could complement the current biomarkers uti-
lized in establishing the diagnosis and estimating the prog-
nosis of PBC.
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