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Background: A variety of autoantibodies have been detected in primary biliary
cholangitis (PBC), while the presence of autoantibody clusters and their clinical
significance have not been fully understood. We aimed at defining autoantibody
clusters and to better understand the clinical features and prognosis of PBC
patients based on autoantibody clusters under real-world conditions.

Methods: We retrospectively analyzed 788 inpatients with PBC evaluated
between October 2008 and July 2019, and included 537 patients. Nineteen
autoantibodies which were measured routinely were investigated for cluster
analysis. Two-step clustering, Kaplan-Meier survival, and Cox regression
analyses were used.

Results: Five clusters were defined. A cluster of antinuclear antibodies (ANA)
and anti-gp210 positive patients were identified with a high rate of cirrhosis at
baseline and low survival rate; a cluster of ANA, anti-centromere antibodies
(ACA) and/or anti-CENP-B female dominant patients with older disease onset,
low level of platelet count at baseline, high rate of hepatic decompensation,
and low survival rate was also characterized; and another cluster of anti-
mitochondrial antibodies (AMA) and/or AMA-M2, anti-Ro52 and a high rate of
anti-gp210 positive patients were identified with a high proportion of male
patients and low survival rate. A subgroup of patients with anti-SSA and/or anti-
SSB coexists with SjS was also identified; patients with only AMA and/or AMA-
M2-positive with a benign clinical outcome and relatively high complication of
non-alcoholic fatty liver disease (NAFLD) were also identified. Only anti-gp210
was considered as a significant predictor for poor outcomes especially in
patients with cirrhosis.
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Conclusion: Clustering methods allow the identification of distinct
autoantibody profiles of PBC that form clinical subsets and can be useful for
personalized approaches to diagnosis, clinical management, and the prediction
of clinical outcomes. Anti-gp210 was the strongest predictive factor for poor
outcomes especially in PBC patients with cirrhosis under real-world conditions.
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two-step cluster analysis, primary biliary cholangitis, autoantibody, real-world study,
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Introduction

Primary biliary cholangitis (PBC) is a chronic inflammatory
autoimmune cholestatic liver disease with a progressive course that
may extend over several decades. If left untreated, the disease will
develop into end-stage biliary cirrhosis (1, 2). It is most commonly
recognized in women in their 5th or 6th decade of life and is
characterized by cholestasis in the presence of radiologically
normal bile ducts and serological reactivity to anti-mitochondrial
antibodies (AMA) or PBC-specific antinuclear antibodies (ANA)
(2, 3). Due to its heterogeneous course and outcome, the rate of
disease progression varies greatly among individual patients (4).

Serum autoantibodies are crucial tools for the differential
diagnosis of PBC and more than 60 autoantibodies have been
detected in PBC patients, of which some have been considered to
be PBC-specific and have been examined for their diagnostic utility
and prognostic values, such as antiglycoprotein (anti-gp) 210, anti-
sp100, and anti-centromere antibodies (ACA) (5-7). However, the
clustering based on autoantibody profiles and the clinical
significance of autoantibody clusters has not been fully understood.

Real-world data are crucial for understanding not only the
treatment effectiveness and safety but also disease diagnosis and
progression in everyday clinical practice, particularly in patient
populations with PBC that may be underrepresented or excluded
from clinical trials, such as those with cirrhosis and mixed
phenotypes [e.g. overlap autoimmune hepatitis(ATH)] (8, 9). The
present study aimed to define the autoantibody clusters and to
analyze their correlations with clinical features based on readily
available routine measured autoantibodies; moreover, to better
understand the prognosis of PBC patients based on autoantibody
clusters in a large retrospective cohort under real-world conditions.

Methods
Study population

We performed a retrospective cohort analysis of inpatients
with discharge diagnosis of PBC who had immune serological
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investigations of autoantibodies and attended or were followed
up at Beijing You’an hospital between October 2008 and July
2019. The follow-up data were collected until September 2019.
The diagnosis of PBC was referred to the Chinese clinical
practice guidelines (10), the American Association for the
Study of Liver Diseases and the European Association for the
Study of the Liver practice guidelines for PBC (2, 4). The main
criteria consisted of biochemical evidence of cholestasis with an
elevation of alkaline phosphatase (ALP) activity; presence of
AMA and/or AMA-M2, or other PBC-specific autoantibodies,
including sp100 or gp210, if AMA is negative; histopathological
evidence of non-suppurative cholangitis, and destruction of
small or medium-sized bile ducts (if a biopsy was performed).
A liver biopsy was performed only if the patient met liver biopsy
recommendations for the diagnosis of PBC, had no liver
decompensation and was at low risk of liver biopsy. The
histological stages were determined according to Ludwig’s
classification (11). Briefly, stage 1 was characterized by
inflammatory destruction of intrahepatic small bile ducts, stage
2 by proliferation of bile ductules and/or piecemeal necrosis,
stage 3 by fibrosis and/or bridging necrosis, and stage 4 by
cirrhosis. Ursodeoxycholic acid (UDCA) therapy was initiated
once the diagnosis was made and maintained at a dose of 13-15
mg/kg during follow-up. The patients with concomitant features
of AIH, as defined by the current PBC treatment guidelines
fulfilled the Paris criteria for PBC-AIH overlap (10, 12). Patients
with present chronic hepatitis B, hepatitis A, hepatitis C, and
hepatitis E were not included.

Study design

Baseline demographic and clinical factors (sex, age, disease
duration, signs and symptoms, history of comorbidities, physical
examination, biochemical, and serological features) were
documented on initial presentation. The nature of co-existent
diseases affecting the liver and several other autoimmune
disorders were recorded. Cirrhosis was assessed by computed
tomography, magnetic resonance imaging or ultrasound
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examinations, and was diagnosed histologically (if available) or
clinically in accordance with Chinese guidelines on the
management of liver cirrhosis (13). Hepatic decompensation
was defined as the occurrence of variceal bleeding, hepatic
encephalopathy, or ascites, whichever occurred first. Past
hepatitis B virus (HBV) infection was defined as positive
antibody to hepatitis B core antigen (anti-HBc) plus negative
hepatitis B surface antigen (HBsAg) (14). Inactive HBV carriers
were defined by persistent HBsAg, antibody to hepatitis B e
antigen (anti-HBe), low-serum HBV DNA, and normal alanine
transaminase (ALT) levels (15). The duration of the disease was
defined as the time of history from the diagnosis of PBC to the
end of the last follow-up. The duration of follow-up was defined
as the time from the first visit to the end of the last follow-up
prior to analysis of the data, or the date of transplantation or date
of death (event) (7, 16). The patients were classified as lost to
follow-up if they could not be contacted or no information was
available on their medical condition for more than 6 months.
The following clinical outcome measures were considered to be
of major interest: death (from any cause and liver-related
causes), liver transplantation, hepatic decompensation (variceal
bleeding, hepatic encephalopathy, or ascites, whichever occurred
first), and hepatocellular carcinoma (HCC). The poor outcomes
included liver transplantation and/or death, HCC, and hepatic
decompensation. Transplant-free survival was defined as
survival free of liver-related death, or liver transplantation
(17). Adverse outcome-free survival was defined as survival
free of poor outcomes.

Parameters

A total of 19 autoantibodies were investigated for cluster
analysis to identify subsets of patients with PBC. All of these
antibodies were measured routinely at the Clinical Laboratory
Center and Clinical Research Center for Autoimmune Liver
Disease of Beijing You’An Hospital using standard procedures.
Autoantibodies tests were prescribed on a fixed basis for patients
with autoimmune liver disease (AILD), and the kinds of
autoantibodies depended on the kit tests panel. ANA, AMA,
and ACA which were common found in PBC patients were
determined by indirect immunofluorescence (IIF) using Liver
Mosaic test kit (EUROIMMUN, Liibeck, Germany), and a
titer >1:100 was interpreted as positive. AMA-M2 was
detected by enzyme-linked immunosorbent assay (ELISA)
using AMA-M2 detection kit (Kexin, Shanghai, China), and
the results more than 25RU/mL was interpreted as positive.
Anti-extractable nuclear antigens (ENAs) including anti-
centromere protein B (CENP B), anti-Ro52, anti-SSA, anti-
SSB, anti-Sm, anti-nRNP, anti-dsDNA, anti-Rib, anti-His,
anti-Nuk, anti-Scl70, and anti-Jol were assessed by
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immunoblot assays using EUROLine ANA Profile test kit
(EUROIMMUN, Liubeck, Germany). The AILD-related
autoantibodies including anti-gp210, anti-sp100, anti-SLA,
anti-LKM1, and anti-LC1 were assessed by line immunoassay
(LIA) using Antibody Profile in Autoimmune Liver Diseases test
kit (YHLO, Shenzhen, China).

The associations between autoantibody clusters and baseline
data of recognized adverse presenting phenotypes were assessed.
The parameters included serum hepatic aminotransferases
[aspartate aminotransferase (AST) or ALT] above the clinical
laboratory upper limit of normal (ULN) [AST ULN=35U/L
(women) or 40U/L (men); ALT ULN= 40 U/L (women) or
50U/L (men)], ALP above 1.5xULN [ALP ULN=135 U/L
(women) or 125U/L(men)], serum bilirubin above ULN (=21
pumol/L), serum albumin below the clinical laboratory lower
limit of normal (LLN)(=40g/L), serum immunoglobulin (Ig)G/
IgA/IgM above ULN (7, 18) (IgG ULN=16.0g/L, IgA ULN=4.0g/
L, IgM ULN=2.3g/L), and platelet counts. The associations
between individual autoantibodies and clinical features and
outcomes of patients with PBC were assessed and the
probabilities of transplant-free survivals and adverse outcome-
free survivals among autoantibody clusters were compared prior
to and following adjustment for age-onset and sex. Furthermore,
the prognostic value of autoantibodies associated with clinical
outcomes was finally conducted to elucidate the kind of
autoantibody, which played a crucial part in the clusters.

Statistical analysis

All statistical analyses were performed using the statistical
package of IBM SPSS Statistics for Windows version 23 (IBM
Corporation, Armonk, NY, USA). Due to the large sample size of
the present study, a two-step cluster analysis procedure was
conducted over the 19 antibodies (16). To assess the quality of
the clustering, the silhouette measure of cluster cohesion
and separation is used. Silhouette measure utilizes values
between -1 < 0 < 1. Higher values indicate a better clustering
structure. Since all the antibody variables examined were
categorical variables, the log-likelihood distance was selected
for the distance measure and Schwarz’s Bayesian Information
Criterion (BIC) was used for the clustering criterion in our
cohort. Continuous variables were expressed as mean + s.d., and
categorical variables were presented as the number (or
percentage) of the subjects.

In order to compare the trends of prevalence of the
autoantibodies among different clusters, a Z score transformation
of the autoantibody frequencies was performed (19). The Z scores
simplify the clinical interpretation due to the mean of 0 and the
normal range of -2.0 to +2.0. A Z-score higher than the population
mean will exhibit a positive value, whereas a Z-score below the
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population mean will exhibit a negative value. The higher the
deviation of the Z-score from zero (in a positive or negative
direction), the greater the magnitude of the deviation from the
mean (20). A value that is 2 standard deviations above the mean
(the 97.7th percentile) will exhibit a Z-score of +2.0. To determine
the presence of significant differences between the clusters, the
Kruskal-Wallis H test was used for the assessment of continuous
variables with skewness distribution, and the chi-square test was
used for the assessment of categorical variables. Binary logistic
regression was performed and the odds ratios (ORs) with 95% Cls
were used to quantify the relationship between individual
autoantibodies and clinical manifestations and outcomes. The
probability of survivals of the five clusters of patients was
calculated by Kaplan-Meier plots and compared using log-rank
tests and Cox regression. Univariate and multivariate analyses of
autoantibody clusters and individual autoantibodies were used to
determine the association with survival by the stepwise Cox model.
The hazard ratio (HR) was calculated by the Cox regression model
in both univariate and multivariate analyses. All analyses were two-
sided, with P values < 0.05 being considered statistically significant.
To control for multiple testing, P values were corrected (Pc) by the
number of comparisons, according to the Bonferroni’s
inequality method.

A

Admitted subjects
n=788

Excluded subjects: n=251

« 201 without tests of AMA-M2/anti-ENAs/AILD-related
autoantibodies

« 47 without record of anti-Ro52

« 3 Co-existent viral hepatitis : 1 with hepatitis B,1 with
hepatitis C,1 with hepatitis E

A,

13 (12.1%) Lost to follow-up

Included subjects
n=537

Cluster 1: n=107

44 (46.8%) Survival

50 (53.2%) With adverse events

« 10 (8.3%) Lost to follow-up

Cluster 2: n=12  |—>»{

19 Autoantibody

variables selected 70 (63.6%) Survival

.

40 (36.4%) With adverse events

.

3 (2.4%) Lost to follow-up

Cluster analysis I — I Cluster 3: n=125 }——b o 32(26.2%) With adverse events
« 90 (73.8%) Survival
« 17 (16.8%) Lost to follow-up
Cluster 4: n=101 o 44 (52.4%) With adverse events
+ 40 (37.6%)Survival
o 16(19.0%) Lost to follow-up
| Cluster 5: n=84 « 34 (50.0%) With adverse events
« 34(50.0%) Survival
FIGURE 1

10.3389/fimmu.2022.1098076

Results
Description of the cohort

A total of 788 patients were investigated within the study
period and 537 patients with PBC were identified (Figure 1A).
The percentages of the predominant autoantibody profiles
(more than 10%) in patients with PBC were as follows: AMA
and/or AMA-M2 (95.0%), ANA (88.1%), anti-Ro52 (39.5%),
anti-gp210 (37.4%), ACA and/or anti-CENP-B (24.4%), anti-
sp100 (16.6%), and anti-SSA (14.5%). Moreover, anti-LKM1 was
not found in the study population (Table 1). For the 27 AMA-
negative patients, 26 patients were positive for anti-gp210 and/or
anti-sp100, only 1 patient was positive for ACA and/or anti-
CENP-B with histological diagnosis of PBC (stage 2).

The median age at the time of diagnosis was 55 years (range:
25-87), and 470 (87.5%) patients were women. Serum AST or
ALT activities were elevated in 62.1% of the patients (329/530),
and 48.0% of the patients (251/523) demonstrated biochemical
evidence of cholestasis with serum ALP levels higher than
1.5xULN. Moreover, 62.4% of the patients (328/526) exhibited
serum bilirubin levels higher than ULN. Low serum albumin was
found in 73.2% of the patients (385/526). The median platelet

B
. Completely positive for ANA and anti-gp210
Chu 1 . High rate of AST or ALT>ULN,ALP>1.5xULN,
—sltg; serum bilirubin>ULN,and serum albumin<LLN
(@=107) . High proportion of cirrhosis
. Clinical outcome: high mortality rate, low survival rate
. High rate of anti-SSA, anti-SSB and anti-sp100
Cluster2 | * High rate of IgG>ULN
(n=120) . High proportion of SjS
. Clinical outcome: low mortality rate
. Completely positive for AMA and/or AMA-M2
Cluster 3 | o Relatively high proportion of NAFLD
(n=125) . Clinical outcome: high survival rate, low mortality rate,
low hepatic decompensation rate
. Almost completely positive for ANA, ACA and/or
anti-CENP-B
. Older onset
Cluster 4 . Hig| ortion of female
=101 prop
(e=101) . Low level of platelet count
. Clinical outcome: high hepatic decompensation rate,
low survival rate
. Completely positive for AMA and/or AMA-M2,
Cluster 5 anti-Ro52, high rate of anti-gp210
(n=84) . High proportion of male
. Clinical outcome: low survival rate

(A) Flowchart for selection of patients with PBC and follow-up of the study cohort stratified by autoantibody clusters. (B) Main characteristics of

the five clusters (clusters 1-5) of patients with PBC
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counts at baseline were 136x10°/L. The percentages of patients
who exhibited elevated serum IgM, IgG and IgA levels were
70.2% (327/466), 54.1% (252/466), and 35.0% (163/466)
respectively. It is worth noting that 295 (54.9%) of patients

TABLE 1 Comparision and Z Score transformation of autoantibody frequencies in patients with PBC by clusters.

10.3389/fimmu.2022.1098076

presented with cirrhosis at baseline. A total of 173 out of 456
patients (37.9%) exhibited past HBV infection and 2 (0.4%) were
inactive HBV carriers. Fatigue, pruritus, and dryness were
identified in 44.8% (223/498), 15.5% (77/498), and 8.6% (43/

All patients Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Overall
Autoantibody Z z Z z z
=2 (n=107) score  (n=120) score (n=125) score | (n=101) score (n=84) score AT
113 80 101 72
ANA 2 (%) 473 (88.1) 107(1000) | 075 | g5 036 w16 g0 075 o 020 <0.0001
AMA and/or
B 116 125 95 84
2/I\;IA—M2,11 510 (95.0) 90 (84.1) L6 g 026 i 076 gl 013 o0 076 <0001
0
ACA and/or 99
anti-CENP-B, 131 (24.4) 080" 006 2(17) 056 0(00) 060 . 172 0(00) 060 | <0001
n (%) .
Anti-Ro52, n . 57 . 55 84
o 212 (39.5) 16 (15.0) 073 gy 011 0000 M2 G029 g 146 <0001
Anti-SSA, n 57 19
o 78 (14.5) 1(0.9) 062 e 16 000) 067 ol 025 1012 061 <0001
Anti-SSB, n 17
p= 19 (3.5) 0 (0.0) 052 e 177 000 052 2200 020 000 052 <0001
Anti-Sm, n
o 9(17) 0 (0.0) 053 | 8(67) | 177 | 0(00)  -053  1(1.0)  -0.19 0(0.0) -0.53 | <0.0001
0
2/“;"“RNP’“ 12 (22) 0 (0.0) 051 | 11(92) | 178 | 0(00)  -051 | 1(1.0) 026 0(0.0)  -0.51 | <0.0001
0
:‘z;")dSDNA’ 10 (1.9) 0 (0.0) 060 | 8(67) 171  0(0.0) 060 = 2(20) 009 = 0(00) -0.60 <0.0001
0
2/“;"&"’“ 7(1.3) 0 (0.0) 097 | 3(25 | 084 | 0(0.0)  -097  3(3.0) 120 1(12)  -010  0.159
0
é:/“)“'H‘S’" 4(07) 1(0.9) 020 | 3(25 | 167 0(00) 062 0(00) 062 0(00) = -062 0.7
0
g,n)“’Nuk’“ 9 (1.7) 0 (0.0) 058 | 2(17) | -001 | 0(0.0)  -058 @ 7(69) 173  0(0.0)  -0.58 | <0.0001
0
E:f)t"scm’“ 4(0.7) 1(0.9) 020 | 3(25 | 167 | 0(00) 062 0(0.0) 062 0(00) -0.62 | 0117
0
Anti-Jol, n
) 2(0.4) 0 (0.0) 045 | 0(00) 045 0(0.0) 045 0(0.0) 045 2(24) 179 | 0029
0
Anti-gp210, n 107 41 40
o 201 (37.4) (100.0)° LS8 e 0Nl 9(72) 081 4(40) 089 o4 023 <00001
Anti-sp100, n 62 22
= 89 (16.6) 5 (47) 050 | oe 16 000 071 R 028 0(00) 071 <00001
2;;1‘SLA’ n 6 (1.1) 0 (0.0) 073 | 1(08) | -024 | 0(0.0) @ -073 | 4(40) 170  1(12) = 000 | 0.039
0
Anti-LKM]1, 0 00) 0 (0.0) / 0 (0.0) / 0 (0.0) / 0 (0.0) / 0 (0.0) / /
n (%)
g,n)“'LCLn 4(0.7) 0 (0.0) 045 | 0(0.0) | -045 | 0(0.0) @ -045 | 4(40) 179  0(0.0) -0.45  0.002
0

ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody;
Anti-SSA, anti-SSA antibody; Anti-SSB, anti-SSB antibody; Anti-Sm, anti-Sm antibody; Anti-nRNP, anti-nuclear ribonucleoproteins; Anti-dsDNA, anti-double stranded DNA
antibody;Anti-Rib, anti-ribosomal P proteins antibody; Anti-His, anti-histone antibody; Anti-Nuk, anti-Nuk antibody; Anti-Scl70, anti-Scl70 antibody; Anti-Jol, anti-Jol antibody;
Anti-gp210, anti-gp210 antibody; Anti-sp100, anti-sp100 antibody; Anti-SLA, anti-soluble liver antigen antibody; Anti-LKM1, anti-liver kidney microsomal type 1 antibody; Anti-LC1,
anti-liver cytosol antigen type 1 antibody. *Values significantly different from the other four clusters, all Pc valuses<0.05; *Values significantly different from cluster 1 and cluster 4, all Pc
valuses<0.0001; “Values significantly different from cluster 2,cluster 3, and cluster 5; all Pc valuses<0.05; HWalues significantly different from cluster 3 and cluster 4, all Pc valuses<0.0001.
Bold indicates clusters with the greatest prevalence.
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498) of the patients who were enrolled in the present study. The
most common comorbidities were hypertension 14.7% (73/498)
and diabetes mellitus 12.2% (61/498). The following extrahepatic
autoimmune diseases (EHAIDs) were reported: Sjogren’s
syndrome (SjS) in 7.2% patients (36/498), rheumatoid arthritis
(RA) in 1.8% of patients (9/498), and autoimmune thyroid
disease in 0.8% of patients (4/498). A total of 99 (18.4%)
patients presented with coexistent diagnoses affecting the liver,
38 (7.1%) of whom had features of clinically classified PBC-ATH
overlap; the remaining 61 had coexistent non-autoimmune liver
disease [34 presented with drug-induced liver injury, 15 with
alcohol-related liver disease, 10 with non-alcoholic fatty liver
disease (NAFLD), and 2 with NAFLD and drug-induced liver
injury] (Table 2).

10.3389/fimmu.2022.1098076

Autoantibody clusters and their baseline
clinical features

The results that emerged from the two-step cluster analysis
revealed that the best fit was noted for the five major
autoantibody clusters corresponding to the 537 patients. The
average silhouette of the model was 0.4. The largest cluster was
125 patients (23.2%), and the smallest cluster was 84 patients
(15.6%). The ratio of the cluster sizes (largest cluster to smallest
cluster) was 1.49. The autoantibody frequencies and the Z score
transformation are shown in Table 1 and Figure 2. Significant
differences were noted in the frequencies of 15 autoantibodies,
with the exception of anti-Rib, anti-His, and anti-Scl70. Only
autoantibodies that were present in at least 50% of patients in a

TABLE 2 Baseline parameters and clinical outcomes of patients with PBC among autoantibody clusters.

Cluster 1
(n=107)

All patients

(n=537)

Cluster 2
(n=120)

Overall
P value

Cluster 5
(n=84)

Cluster 4
(n=101)

Cluster 3
(n=125)

Baseline parameters

Age onset (years) 56 + 11 57 £13 54 + 11 55 + 12 59 + 10° 54 + 11 0.012
Sex
Female 470/537 (87.5) 92/107 (86.0) 108/120 (90.0) 106/125 (84.8) 96/101 (95.0)° 68/84 (81.0) 0.035
Male 67/537 (12.5) 15/107 (14.0) 12/120 (10.0) 19/125 (15.2) 5/101 (5.0) 16/84 (19.0)° 0.035
AST or ALT>ULN 329/530 (62.1) 72/104 (69.2) 72/119 (60.5) 85/125 (68.0) 49/98 (50.0) 51/84 (60.7) 0.034
ALP>1.5xULN 251/523 (48.0) 62/103 (60.2) 50/117 (42.7) 52/123 (42.3) 43/96 (44.8) 44/84 (52.4) 0.039
Serum bilirubin>ULN 328/526 (62.4) 71/104 (68.3)° 79/117 (67.5) 75/125 (60.0) 46/96 (47.9) 57/84 (67.9) 0.012
Serum albumin<LLN 385/526 (73.2)  88/104 (84.6)¢ 82/117 (70.1) 82/125 (65.6) 71/96 (74.0) 62/84 (73.8) 0.024
Platelet countx10°/L 154 + 94 150 + 92 152 + 91 184 + 108 127 + 75° 147 + 86 0.001
IgM>ULN 327/466 (70.2) 71/93 (76.3) 66/101 (65.3) 76/113 (67.3) 54/85 (63.5) 60/74 (81.1) 0.055
IgG>ULN 252/466 (54.1) 50/93 (53.8) 66/101 (65.3) 56/113 (49.6) 33/85 (38.8) 47/74 (63.5) 0.002
IgA>ULN 163/466 (35.0) 33/93 (35.5) 45/101 (44.6) 32/113 (28.3) 29/85 (34.1) 24/74 (32.4) 0.163
Cirrhosis 295/537 (54.9)  74/107 (69.2)¢ 63/120 (52.5) 48/125 (38.4) 58/101 (57.4) 52/84 (61.9)" <0.0001
Past HBV infection 173/456 (37.9) 41/92 (44.6) 43/103 (41.7) 37/104 (35.6) 29/85 (34.1) 23/72 (31.9) 0.377
Inactive HBV carriers 2/456 (0.4) 0/92 (0.0) 1/103 (1.0) 0/104 (0.0) 1/85 (1.2) 0/72 (0.0) 0.537
Clinical manifestations
Fatigue 223/498 (44.8) 41/101 (40.6) 56/113 (49.6) 58/117 (49.6) 37/94 (39.4) 31/73 (42.5) 0.390
Pruritus 771498 (15.5) 20/101 (19.8) 18/113 (15.9) 15/117 (12.8) 11/94 (11.7) 13/73 (17.8) 0.490
Dryness 43/498 (8.6) 10/101 (9.9) 13/113 (11.5) 5/117 (4.3) 11/94 (11.7) 4/73 (5.5) 0.181
Comorbidities
Hypertension 73/498 (14.7) 16/101 (15.8) 16/113 (14.2) 21/117 (17.9) 11/94 (11.7) 9/73 (12.3) 0.713
Diabetes mellitus 61/498 (12.2) 14/101 (13.9) 12/113 (10.6) 14/117 (12.0) 12/94 (12.8) 9/73 (12.3) 0.968
Sjogren’s syndrome 36/498 (7.2) 5/101 (5.0) 16/113 (14.2)% 3/117 (2.6) 10/94 (10.6) 2/73 (2.7) 0.002
(Continued)
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TABLE 2 Continued

All patients Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Overall

(n=537) (n=107) (n=120) (n=125) (n=101) (n=84) P value
Rheumatoid arthritis 9/498 (1.8) 1/101 (1.0) 4/113 (3.5) 3/117 (2.6) 0/94 (0.0) 1/73 (1.4) 0.345
Autoimmune thyroid disease 4/498 (0.8) 1/101 (1.0) 1/113 (0.9) 0/117 (0.0) 1/94 (1.1) 1/73 (1.4) 0.848
PBC-AIH overlap 38/537 (7.1) 6/107 (5.6) 10/120 (8.3) 8/125 (6.4) 10/101 (9.9) 4/84 (4.8) 0.620
Drug induced liver injury 36/537 (6.7) 5/107 (4.7) 8/120 (6.7) 14/125 (11.2) 3/101 (3.0) 6/84 (7.1) 0.135
Alcohol-related liver 15/537 (2.8) 4/107 (3.7) 2/120 (1.7) 5/125 (4.0) 1/101 (1.0) 3/84 (3.6) 0.561
Non-alcoholic fatty liver disease 12/537 (2.2) 1/107 (0.9) 3/120 (2.5) 7/125 (5.6) 0/101 (0.0) 1/84 (1.2) 0.039
Disease duration 98 + 54 89 + 42 99 + 58 99 + 55 106 + 49 96 + 62 0.121
Duration of follow-up 59 + 31 52 + 33 59 + 29 63 + 28 60 + 29 59 + 33 0.182
Lost to follow-up 59/537 (11.0) 13/107 (12.1) 10/120 (8.3) 3/125 (2.4) 17/101 (16.8)° | 16/84 (19.0)° 0.0003

Clinical outcomes

Survival 278/478 (58.2) 44/94 (46.8) 70/110 (63.6) | 90/122 (73.8)*" 40/84 (47.6) 34/68 (50.0) <0.0001
Death 130/478 (27.2) | 39/94 (41.5)*" = 22/110 (20.0) 21/122 (17.2) 24/84 (28.6) 24/68 (35.3) 0.0003
Liver transplantation 17/478 (3.6) 5/94 (5.3) 4/110 (3.6) 3/122 (2.5) 3/84 (3.6) 2/68 (2.9) 0.852
Hepatic decompensation 45/478 (9.4) 5/94 (5.3) 12/110 (10.9) 6/122 (4.9) 16/84 (19.0)° 6/68 (8.8) 0.007
Hepatocellular carcinoma 8/478 (1.7) 1/94 (1.1) 2/110 (1.8) 2/122 (1.6) 1/84 (1.2) 2/68 (2.9) 0.908

AST, aspartate aminotransferase; ALT, alanine transaminase; ULN, upper limit of normal; ALP, alkaline phosphatase; LLN, lower limit of normal; IgM, immunoglobulin M; IgG,
immunoglobulin M; IgA, immunoglobulin A; HBV, hepatitis B virus; AIH, autoimmune hepatitis. *Values significantly different between cluster 2 and cluster 4, Pc valuse=0.020;
“Values significantly different between cluster 4 and cluster 5, all Pc valuses=0.040; “Values significantly different between cluster 1 and cluster 4, Pc valuse=0.040; “Values significantly
different between cluster 1 and cluster 3, all Pc valuses<0.05; “Values significantly different between cluster 3 and cluster 4, all Pc valuses<0.05; Values significantly different between
cluster 3 and cluster 5, all Pc valuses<0.05; #Values significantly different between cluster 2 and cluster 3, Pc valuse=0.010; "Values significantly different between cluster 1 and cluster 2,
Pc valuse=0.010. Bold indicates clusters with the greatest prevalence and/or overall P value<0.05.

cluster were considered to be a strong characteristic of the cluster
(21). Low prevalence (less than 10%) autoantibodies were not
considered an important characteristic of this or any
other cluster.

Cluster 1 (n=107, 19.9%). The patients were all positive for
both ANA and anti-gp210 and exhibited the highest prevalence
with regard to biochemical markers of the adverse presenting
phenotypes-AST or ALT >ULN (69.2%, P=0.034) and
ALP >1.5xULN (60.2%, P=0.039) among the five clusters. The
percentage of serum bilirubin >ULN [68.3% vs. 47.9% (cluster 4,
Pc=0.04)], serum albumin <LLN [84.6% vs. 65.6% (cluster 3,
Pc=0.01)] and cirrhosis [69.2% vs. 38.4% (cluster 3, Pc<0.0001)]
were higher compared with those noted in the other clusters
(Tables 1, 2; Figure 1B).

Cluster 2 (n=120, 22.3%). The patients were characterized by
the highest prevalence of anti-SSA (47.5%), anti-SSB (14.2%),
and anti-spl00 (51.7%) compared with those of the other
clusters (the overall P values and Pc values were all <0.05).
The main distinctive baseline clinical feature of this cluster was
the lowest median age compared with other clusters (P=0.012),
notably compared with cluster 4 (Pc=0.02). The percentage of
IgG >ULN (65.3%) was the highest among the five clusters
examined (P=0.002). The most common associated condition of
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cluster 2 was the high prevalence of SjS compared with other
clusters (14.2%, P=0.002) (Tables 1, 2; Figure 1B).

Cluster 3 (n=125, 23.3%). The patients were all positive for
AMA and/or AMA-M2 with the lowest frequency of ANA
(64.0%) compared with other clusters (overall P values and Pc
values were all <0.0001). In addition to the dominant antibodies,
the prevalence of anti-gp210 (7.2%) in cluster 3 was less than
10% and other antibodies were negative. The percentage of
serum albumin <LLN (65.6%) was the lowest among the five
clusters (P=0.024). The baseline median levels of the platelet
count in cluster 3 were higher than those noted in the other
clusters (P=0.001) and was significantly higher than that of
cluster 4 (Pc<0.0001). Moreover, the percentage of cirrhosis of
cluster 3 (38.4%) was the lowest among the five clusters
(P<0.0001) and the prevalence of SjS in this cluster was
significantly lower than that noted in the other clusters
(P=0.002). However, the prevalence of NAFLD (5.6%) in
cluster 3 was the greatest among the five clusters (P=0.039)
(Tables 1, 2; Figure 1B).

Cluster 4 (n=101, 18.8%). All patients in this cluster were
positive for ANA and were characterized by the highest
prevalence of ACA and/or anti-CENP-B (98.0%) compared
with that of other clusters (overall P values and Pc values were
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FIGURE 2

(A) Autoantibody clusters of patients with PBC in the study. Heatmap shows the Z Scores of the frequencies for each autoantibody by cluster. The
scale on the right denotes Z Scores of antibody frequencies from grey (-2.0, low) to red (+2.0, high). Heatmap rows corresponding to clusters 1, 2,
3,4 and 5 are indicated. (B) Radar plots shows the Z Scores of the frequencies for each autoantibody by cluster. For a given circle each radius
represents Z Scores of each autoantibody frequency. Points at the center represent -2.0, whereas points at the perimeter represent +2.0.

all <0.0001). The main distinctive baseline clinical feature of this
cluster was the highest median age compared with that of other
clusters (P=0.012). The proportion of females was higher than
that noted in other clusters (P=0.035). The patients in this
cluster exhibited significantly lowest prevalence of serum
bilirubin >ULN compared with that of other clusters
(P=0.012). However, cluster 4 exhibited the lowest baseline
median levels of the platelet count among the five clusters
(P=0.001) (Tables 1, 2; Figure 1B).

Cluster 5 (n=84, 15.6%). The patients were all positive for
both AMA and/or M2 and anti-Ro52. The frequency of anti-
gp210 was lower than that noted in cluster 1 (47.6% vs. 100.0%,
Pc<0.0001) and significantly higher than that noted in cluster 3
(47.6% vs. 7.2%, Pc<0.0001) and cluster 4 (47.6% vs. 4.0%,
Pc<0.0001). The proportion of male patients was the highest
in cluster 5 compared with that of other clusters (P=0.035),
notably cluster 4 (19.0% vs. 5.0%, Pc=0.040). The percentage of
cirrhosis of this cluster was higher than that of cluster 3 (61.9%
vs. 38.4%, Pc=0.001). (Tables 1, 2; Figure 1B).

Associations between individual
autoantibodies and clinical features
and outcomes

Predominant autoantibodies or over-represented clinical
features and outcomes of each clusters as identified by cluster
analysis were listed together for easier visualization (Tables 1, 2;
Figure 1B). The findings were highlighted in bold font in tables
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which indicated they were with the greatest prevalence among
clusters and/or overall P value <0.05. This analysis was
performed without prior clustering. The separate association
analysis between individual autoantibodies and clinical features
was partly consistent with the previous observations derived
from the cluster analysis (Table 3).

ANA was the predominant autoantibody of each cluster, and
was marginally associated with patients combined with NAFLD
(OR: 0.233, 95% CI: 0.059-0.913, P=0.037). AMA and/or AMA-
M2 were not associated with all over-represented clinical
manifestations and outcomes of each cluster as identified by
cluster analysis. This was consistent with the observations from
previous cluster analysis since AMA and/or AMA-M2 were the
predominant autoantibodies of all clusters, even in cluster 1 with
the lowest prevalence of 84.1% compared with cluster 2 (96.7%,
Pc=0.01), cluster 3 (100.0%, Pc<0.0001), and cluster 5
(100.0%, Pc<0.0001).

ACA and/or anti-CENP-B were the predominant
autoantibodies of cluster 4 and were associated with lower
serum bilirubin (OR: 0.463, 95% CI: 0.250-0.856, P=0.014),
lower platelet count (OR: 0.995,95% CI: 0.991-0.999, P=0.021),
lower levels of IgG (OR: 0.086, 95% CI: 0.033-0.221, P<0.0001).
Notably, lower platelet count was the representative clinical
manifestation of the same cluster during cluster analysis. Anti-
Ro52 was associated with lower platelet count (OR: 0.997, 95%
CI: 0.994-1.000, P=0.036), and lower platelet count was the over-
representative clinical manifestations of cluster 4.

Anti-SSA and anti-SSB were the predominant
autoantibodies of cluster 2 and were associated with SjS [anti-
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TABLE 3 Associations between individual autoantibodies, clinical features and outcomes of patients with PBC .

AMA and/or AMA-M2 ACA and/or anti-CENP-B Anti-Ro52 Anti-SSA Anti-SSB Anti-gp210 Anti-sp100
Clinincal mani-
OR 95 OR 95 95l 95l 95l 95l 95l
festation
0.964- 0916- 0.983- 0.977- 0.966- 0.904- 0.963- 0.999-
Age onset 0.997 0.882 0963 0.144 | 1011 0.455 0.999 0931 | 0998 0917 0.978 0576 0.985 0200 | 1029 0.056
1.032 1.013 1.040 1.022 1.032 1.058 1.008 1.060
0.220- 0.310- 0.228- 0.453- 0.021- 0.682- 0.380-
Female 0.525 0147 2733 0365  0.588 0.273 0.934 0854 | 0.165 0.088 0 0 0.998 1.376 0372 | 0948 0909
1.254 24.112 1.519 1.926 1311 2775 2364
AST or 0.421- 0.808- 0.448- 0.423- 0.207- 0.239- 0.622- 0.520-
0.901 0788 2511 0112 0824 0532 0.701 0169 | 0436 0.028 1.745 0583 1.046 0.865 | 1.009 0.980
ALT>ULN 1.928 7.805 1515 1.162 0916 12752 1.761 1.958
0.836- 0.248- 0.580- 0.970- 0.423- 0213- 1.096- 0.402-
ALP>15xULN 1.647 0.149 0754 0619 | 1032 0916 1.555 0067 | 0847 0639 0957 0945 1750 0019 | 0739 0332
3.244 2294 1.835 2493 1.696 4294 2.796 1.361
Serum 0.312- 0.108- 0.250- 0.502- 0.800- , 0.689- 0.973-
0.660 0277 0377 0126 | 0463 0014 0.837 0494 | 1705 0.167 5.405x10’ 0 0.995 1.150 0594 | 1.949 0.060
bilirubin>ULN 1.397 1315 0.856 1395 3633 1.918 3.902
Serum 0.241- 0.023- 0.808- 0.493- 0.562- 0.665- 0.338-
0.579 0222 0203 0154 | 1684 0.164 0.905 0746 | 1401 0.469 3.335x107 0 0.995 1225 0515 | 0741 0454
albumin<LLN 1.392 1.816 3509 1.658 3.496 2255 1.623
Platelet 0.996- 0.991- 0.991- 0.994- 0.996- 0.992- 0.998- 0.998-
) 1.000 0.855  0.997 0384 0.995 0.021 0997 0036 | 1.000 0.870 1.001 0.894 1.000 0729 | 1.002 0296
countx10°/L 1.004 1.003 0.999 1.000 1.005 1.009 1.003 1.005
0.826- 0.899- 0.033- 0.684- 2.162- 0.647- 0.497- 0.588-
1gG>ULN 2,074 0121 | 3813 0070 0086 <0.0001 | 1177 0556 | 4542 <0.0001 2436 0.188 0.864 0603 | 1164 0.662
5211 16.181 0221 2.027 9545 9.173 1.501 2304
0333- 0.151- 0.242- 0.593- 0.355- 0.167- 0921- 0.466-
Cirrhosis 0.806 0632 | 0752 0729 | 0556 0.166 1128 0713 | 0.906 0.837 1.447 0.737 1.749 0088 | 1.066 0.879
1.949 3.759 1277 2.148 2316 12.556 3322 2.439
0.294- 0.249- 0.485- 0.728- 2.600- 4.954- 0.364- 0.441-
Sjs 1.331 0711 | 2156 0485 | 1315 0.590 1.673 0226 | 6501 <0.0001 27.958 0.0002 | 0877 0770 | 1.265 0.662
6.034 18.663 3566 3.846 16.253 157.777 2113 3.631
0.059- 0.018- 0.035- 0.606- 0216- 0.065-
NAELD 0233 0037 | 0.200 0.193 0 0 0.999 0284 0239 | 3248 0.169 0 0 0.999 0.879 0857 | 0.546 0.576
0913 2257 2311 17.424 3574 4.555
Clinical outcomes
0312- 0.201- 0.194- 0.241- 0.032- 0214- 0.189-
Survival 1.167 0819 0 0 0998 0781 0721 0557 0279 | 1286 0.768 0428 0519 061 0354 | 0684 0562
4366 3.034 1.605 6.855 5633 1.737 2472
0.641- 0.421- 0.222- 0.137- 0.028- 0.368- 0.158-
Dead 2.589 0.182 0 0 0998 1579 0.498 0635 039 | 0735 0719 0363 0436 1.039 0943 | 0571 0393
10.458 5913 1.812 3.938 4636 2.935 2.066
Hepatic 0.272- 0.391- 0.205- 0.267- 0.007- 0.193- 0275-
1343 0.718 0 0 0998 | 1.685 0.484 0.680 0530 | 1607 0.604 0.201 0352 0.644 0474 | 1167 0834
decompensation 6.642 7.262 2.260 9.655 5.889 2.152 4.948
AST, aspartate aminotransferase; ALT, alanine transaminase; ULN, upper limit of normal; ALP, alkaline phosphatase; LLN, lower limit of normal; IgG, immunoglobulin M;SjS, Sjogren’s syndrome; NAFLD, nonalcoholic fatty liver disease; OR, odds
ratios; CI, confidence interval; ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody; Anti-SSA, anti-SSA antibody; Anti-
SSB, anti-SSB antibody; Anti-gp210, anti-gp210 antibody; Anti-sp100, anti-sp100 antibody. Bold text denotes associations between the over-represented clinical manifestations of the same cluster from cluster analysis (Tables 1 and 2)
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SSA (OR: 6.501, 95% CI: 2.600-16.253, P<0.0001), anti-SSB (OR:
27.958, 95% CI: 4.954-157.777, P=0.0002)]. These were the
representative clinical manifestations of the same cluster
during cluster analysis. Furthermore, anti-SSA was associated
with lower levels of AST or ALT (OR: 0.436, 95% CI: 0.207-
0.916, P=0.028), and higher levels of IgG (OR: 4.542, 95% CI:
2.162-9.545, P<0.0001). Similarly, anti-gp210 which was the
characteristic autoantibody of cluster 1 was associated with
higher levels of ALP (OR: 1.750, 95% CI: 1.096-2.796,
P=0.019), one of the representative clinical manifestations of
that cluster. Although anti-sp100 was one of the over-
representative autoantibodies of cluster 2, it was not
significantly associated with the presence of predominant
clinical features of the same cluster.

Prognostic significance of the clusters

In this study cohort, the median duration of the disease was
92 months, and the median duration of the follow-up period was
60 months. During the follow-up period, 59 patients (11.0%)
were lost to follow-up, 41.8% of the patients (200/478) developed
adverse outcomes, including 130 patients (27.2%) died due to
liver-related causes or other causes. A total of 17 patients (3.6%)
underwent liver transplantation at the end of the follow-up
period or prior to death, whereas 45 patients (9.4%) presented
with hepatic decompensation, and 8 patients (1.7%) with
hepatocellular carcinoma. The remaining 278 patients (58.2%)
were still alive at the end of the follow-up period. Cluster 3
exhibited the highest survival rate (73.8%, P<0.0001), which was
notably higher than that of cluster 1 (46.8%, Pc=0.0005), cluster
4 (47.6%, Pc=0.001), and cluster 5 (50.0%, Pc=0.010). Similarly,
the mortality rate in cluster 1 was the highest compared with that
of other clusters (41.5%, P=0.0003), notably compared with that
of cluster 2 (41.5% vs. 20.0%, Pc=0.010) and cluster 3 (41.5% vs.
17.2%, Pc=0.0008). The rate of hepatic decompensation was the
highest in cluster 4 (19.0%, P=0.007) among the five clusters,
notably compared with that of cluster 3 (4.9%, Pc=0.010).
Finally, no differences were noted in the liver transplantation
rate as well as the incidence of hepatocellular carcinoma among
the five clusters (Table 2).

Kaplan-Meier analyses indicated that patients in cluster 1
exhibited a higher risk of liver-related death or liver
transplantation compared with those in the other four clusters
(all log-rank P=0.002). The log-rank test indicated an increased
risk of liver-related death or liver transplantation in cluster 1
compared with that of cluster 2 (HR 1.959, 95% CI 1.220-3.146,
Pc=0.040), cluster 3 (HR 2.344, 95% CI 1.446-3.800, Pc=0.003),
and cluster 4 (HR 2.015, 95% CI 1.258-3.233, Pc=0.020),
respectively (Figure 3A). Cox regression analyses following
adjustment for age-onset and sex indicated a reduced risk of
liver-related death or liver transplantation in cluster 2 (HR
0.589, 95% CI 0.359-0.966, P=0.036), cluster 3 (HR 0.465, 95%
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CI0.281-0.768, P=0.003) and cluster 4 (HR 0.485, 95% CI 0.298-
0.789, P=0.004) compared with that of cluster 1 (Table 4;
Figures 3A, B).

The risk of adverse outcome was increased for patients in
cluster 1 compared with that in the other four clusters (all log-
rank P=0.016), notably in cluster 3 as determined by the log-
rank test (HR 1.504, 95% CI 0.990-2.283, P=0.010). Cox
regression analysis following adjustment for age-onset and sex
indicated a reduced risk of adverse outcomes in cluster 3 (HR
0.509, 95% CI 0.325-0.797, P=0.003) and cluster 4 (HR 0.645,
95% CI 0.427-0.973, P=0.037) compared with that of cluster 1
(Table 4; Figures 3C, D).

Univariate and multivariate risk factor
analysis of autoantibodies in patients
with PBC

By using univariate analysis, anti-SSB (P=0.016), anti-Rib
(P=0.002), anti-His (P=0.030), anti-Jol (P=0.043), anti-gp210
(P=0.001), and anti-sp100 (P=0.021) were shown to be
significant risk factors for liver transplantation and/or liver-
related death; however, anti-gp210 (P=0.0004) was the only
significant risk factor for the incidence of adverse outcomes.
Multivariate analysis was performed by including all the
autoantibodies, which were assessed by the stepwise Cox
model. The results indicated that only anti-gp210 was
considered to be a significant predictor for both liver
transplantation and/or liver-related death (HR 1.964, 95% CI
1.421-2.715, P<0.0001), and for adverse outcomes (HR 1.680,
95% CI 1.272-2.218, P=0.0003) (Table 5). PBC patients with or
without anti-gp210 exhibited significant differences in the long-
term prognosis. The cumulative 5-year transplant-free survival
rates of patients with anti-gp210 were 76.6% compared with
84.8% for anti-gp210 negative cases (P<0.0001) (Figure 4A).
Similarly, the cumulative 5-year adverse outcome-free survivals
rates of patients with anti-gp210 were 76.6% compared with
84.8% for anti-gp210 negative cases (P=0.0002) (Figure 4B). The
differences of transplant-free survival rates, as well as adverse
outcome-free survival rates between anti-gp210 positive PBC
patients with cirrhosis and anti-gp210 negative PBC patients
with cirrhosis at baseline were statistically significant (P values
were all <0.05) (Figures 4C, D). However, for PBC patients
without cirrhosis, there was no significant difference in
transplant-free survival rates and adverse outcome-free
survival rates between anti-gp210 positive patients and anti-
gp210 negative patients (P values were all >0.05) (Figures 4E, F).

Discussion

PBC is a chronic, cholestatic, autoimmune disease with a
variable presentation. Patient presentation and clinical course
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(A) Kaplan-Meier survival curves for the comparisons of transplant-free survival rates among the five clusters of patients with PBC. (B) Forest

plot showing hazard ratios of liver-related death or liver transplantation rates and 95%

confidence intervals for the five clusters of patients with

PBC. Black line perpendicular to the horizontal axis shows the hazard ratio for the reference group of cluster 1. The horizontal broken line
indicates the diving line for hazard ratios of liver-related death or liver transplantation rates before and after adjusted for age and sex. Colors
represent the different clusters as indicated in (A, C) Kaplan-Meier survival curves for the comparisons of adverse outcome-free survival rates
among the five clusters of patients with PBC. (D) Forest plot showing hazard ratios of adverse outcome rates and 95% confidence intervals for
the five clusters of patients with PBC. Black line perpendicular to the horizontal axis shows the hazard ratio for the reference group of cluster 1.
The horizontal broken line indicates the diving line for hazard ratios of adverse outcome rates before and after adjusted for age and sex. Colors

represent the different clusters as indicated in (A).

can be diverse, and one or more autoantibodies may be detected
in each patient. However, the presence of specific clusters of
autoantibodies and their associations with clinical features have
not been investigated. Furthermore, an increasing demand exists
for a future classification that combines these different patterns,
in order to personalize approaches to diagnosis and clinical
management (17, 22). This is the first study, which used an
unsupervised clustering technique to evaluate the autoantibody
profiles associated with PBC in a large cohort of Chinese patients
from a single center under real-world conditions. All
autoantibodies investigated in this study were readily available
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and were measured routinely in the majority of medical centers
found in China.

In addition to AMA and PBC-specific ANA, including anti-
gp210 and anti-sp100, other ANAs, such as anti-Ro52, ACA
and/or anti-CENP-B, and anti-SSA were also commonly present
in PBC patients. With the exception of very few autoantibodies,
the pathogenic roles of autoantibodies in PBC are not clear (6,
23, 24). In this exploratory cluster analysis, the present study
revealed five different clusters according to the 19
autoantibodies. The five clusters were characterized by peculiar
clinical features which could be distinguished from each other.
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TABLE 4 Cox regression analyses of liver-related death or liver transplantation, and adverse outcome between autoantibody clusters of patients
with PBC.

o . Multivariate analysis
Univariate analysis

Adjusted for age onset Adjusted for age onset and sex
95%Cl HR 95%Cl P HR 95%Cl P

Liver-related death or liver transplantation

Clusterl Reference Reference Reference

Cluster2 0.471 0.290-0.767 0.002 0.581 0.358-0.962 0.035 0.589 0.359-0.966 0.036
Cluster3 0.419 0.255-0.690 0.001 0.466 0.282-0.770 0.003 0.465 0.281-0.768 0.003
Cluster4 0.523 0.323-0.847 0.008 0.481 0.297-0.779 0.003 0.485 0.298-0.789 0.004
Cluster5 0.687 0.421-1.120 0.132 0.839 0.512-1.377 0.488 0.835 0.508-1.372 0.477

Adverse outcome

Clusterl Reference Reference Reference

Cluster2 0.617 0.406-0.936 0.023 0.721 0.472-1.101 0.130 0.718 0.470-1.096 0.125
Cluster3 0.475 0.305-0.742 0.001 0.505 0.323-0.789 0.003 0.509 0.325-0.797 0.003
Cluster4 0.713 0.474-1.071 0.103 0.654 0.435-0.984 0.042 0.645 0.427-0.973 0.037
Cluster5 0.763 0.492-1.184 0.227 0.885 0.568-1.380 0.590 0.894 0.573-1.396 0.624

HR, hazard ratio; CI, confidence interval.

Anti-gp210 and a high proportion of cirrhosis were the over- among the most commonly detected autoantibodies in routine
represented clinical features in cluster 1, which could explain the screening for autoimmune diseases (26). Granito et al. (27)
poor prognosis of cluster 1. Indeed, liver cirrhosis is a well- demonstrated that anti-SS-A/Ro-52kD positive PBC patients
known predictor of worse prognosis in PBC (25). To investigate exhibited a more advanced histological stage and higher serum
the prognostic value of anti-gp210, we performed Kaplan-Meier levels of bilirubin and IgM at the time of diagnosis compared
survival analysis by risk stratification based on cirrhosis at with negative patients and suggested that further studies with
baseline. We confirmed and extended the observation by adequate follow-up time periods should be performed. Herein,
demonstrating that anti-gp210 antibody was the strongest anti-Ro52 with the overall prevalence of 39.5% was not the
predictive factor among autoantibodies for both liver-related predictor of any adverse outcomes, however, it was associated
death or liver transplantation as well as adverse outcome by with lower levels of baseline platelet count. Nevertheless, cluster
multivariate analysis (6, 7). We confirmed the finding that anti- 5 with completely positive for anti-Ro52 and a high rate of anti-
gp210 positive PBC patients had significantly worse outcomes gp210 was characterized by a high proportion of male patients
than anti-gp210 negative PBC patients only in the group of and a low survival rate. It can be argued that cluster 5 represents
patients with cirrhosis at baseline (18). Anti-gp210 indeed could a subgroup of patients of the pathological process underlying
predict a worse prognosis, especially when combined with portal cluster 1, in which poor outcome had been proven for both
hypertension-related risk factors, such as the presence of clusters with a dominant anti-gp210 coincidentally.
cirrhosis at baseline (18). However, for PBC patients without In the present study, anti-SSA and anti-SSB was associated
cirrhosis at baseline, the prognostic value of anti-gp210 was with PBC combined with SjS, while only anti-SSA correlated with
not outstanding. low levels of baseline AST or ALT as well as high levels of IgG.
Although ACA and/or anti-CENP-B were not found to be High serum IgG levels are considered to be one of the serological
significant predictive factors in the progression to develop a manifestations of primary Sjogren’s syndrome (pSS) (28). Cluster 2
complication of portal hypertension in this analysis, they were with the predominant antibody of anti-SSA and anti-SSB was
associated with lower levels of baseline serum bilirubin, platelet characterized by a high proportion of SjS, a high rate of IgG >ULN,
count, and IgG, which was in accordance with the main and a low mortality rate during the follow-up period, which could
characteristics of cluster 4. Cluster 4 with the over explain the ability of anti-SSA to play a major role in this cluster.
representative antibody of ACA and/or anti-CENP-B was PBC is known to have both hepatic and extrahepatic
characterized by a high rate of hepatic decompensation during manifestations, and several other autoimmune disorders can
the follow-up period, which verified the prognostic value of ACA coexist in patients with PBC (29). Herein, SjS was the most
from another perspective (6). Anti-Ro/SSA antibodies are common extrahepatic autoimmune condition in 7.2% (n=36) of
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TABLE 5 Risk of of autoantibodies associated with liver-related death or liver transplantation, and adverse outcome in patients with PBC.

Univariate analysis Multivariate analysis
Liver-related death or liver Liver-related death or
transplantation Adverse outcome liver transplantation Adverse outcome
Autoantibody HR 95%Cl P HR 95%Cl P HR 95%Cl P HR 95%Cl P
ANA 1.139 0.641-2.026 0.657 1.131 0.694-1.843 0.620
AMA and/or AMA-M2 0.651 0.334-1.271 0.208 | 0.688 @ 0.388-1.221 0.201
ACA and/or anti- 1208 0.867-1.685 = 0264
CENP-B 1171 0.793-1.730 0427 ’ ’ ’
Anti-Ro52 0.951 0.669-1.352 0.778 1.050 = 0.778-1.419 0.749
Anti-SSA 1.071 0.599-1.914 0.818 1.326 = 0.841-2.090 0.224
1.675 0.7368- 0.195
Anti-SSB 2.793 1.213-6.433 0.016 ’ 3.653 :
Anti-Sm 0.468 0.072-3.064 0.428 | 0.296 = 0.053-1.645 0.164
Anti-nRNP 0.517 0.059-4.548 0.552 | 0.928 @ 0.198-4.341 0.924
Anti-dsDNA 0.980 0.304-3.158 0.973 0.680 = 0.212-2.179 0.516
Anti-Rib 4.806 1.776-13.006 0.002 | 2.448 @ 0.902-6.644 0.079
0.644-
4.316 0.132
Anti-His 13.818 1.285-148.620 0.030 28914
0-6.891 x 0213 0.039-1.172 0.075
Anti-Nuk <0.0001 10" 0937 | ’ ’ ’
Anti-Scl70 4.030 0.972-16.711 0.055 1.549  0.301-7.977 0.601
0.858-
. 6.387 0.070
Anti-Jol 8.108 1.071-61.395 0.043 47.566
1.716 1.271-2.315 0.0004 1.964 L421- <0.0001 1.680 1.272- 0.0003
Anti-gp210 1.853 1.306-2.627  0.001 = ’ ’ ’ ' 2.715 ’ ' 2218 ’
Anti-sp100 0.530 0.309-0.908 0.021 0.715 = 0.469-1.089 0.118
Anti-SLA 0.590 0.081-4.297 0.602 | 0.780 @ 0.190-3.199 0.730
0.682-
. 2.973 0.147
Anti-LC1 3.319 0.423-26.050 0.254 12.957
ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody;
Anti-SSA, anti-SSA antibody; Anti-SSB, anti-SSB antibody; Anti-Sm, anti-Sm antibody; Anti-nRNP, anti-nuclear ribonucleoproteins; Anti-dsDNA, anti-double stranded DNA
antibody;Anti-Rib, anti-ribosomal P proteins antibody; Anti-His, anti-histone antibody; Anti-Nuk, anti-Nuk antibody; Anti-Scl70, anti-Scl70 antibody; Anti-Jol, anti-Jol antibody;
Anti-gp210, ant-gp210 antibody; Anti-sp100, anti-sp100 antibody; Anti-SLA, anti-soluble liver antigen antibody; Anti-LC1, anti-liver cytosol antigen type 1 antibody; HR, hazard ratio;
CI, confidence interval.

patients with PBC, while 16 patients were distributed in cluster 2. The present study provides important novel evidence regarding
Surprisingly, previous studies have shown that when extrahepatic the autoantibody profiles of patients with PBC, and PBC with
autoimmune diseases co-occur with PBC, the cases tend to be less coexistent diagnosis of disease affecting the liver, such as PBC-
severe; PBC is usually milder and occurs at an early stage (stage I-1I ATH overlap, as well as patients with PBC combined with several
at liver histology) in the presence of SjS (30, 31). The findings other extrahepatic autoimmune disorders. PBC-AIH overlap
would explain the low mortality rate noted in cluster 2 until the was found in 38 patients (7.1%) of the study cohort, and 4 of
date of the last follow-up. them were found in cluster 4, however, PBC-AIH overlap was
It should be noted that the majority of the observational not the over-represented clinical feature of any clusters.
studies and randomized controlled trials (RCTs) have excluded Currently, NAFLD is the most common liver disease, which
PBC patients with co-existent diseases affecting the liver (18, 32). is mainly associated with the incidence of metabolic syndrome.
Although several studies have reported data on the real-world During the development of inflammation, NAFLD may evolve
clinical management of patients with PBC (9, 33), similar data to non-alcoholic steatohepatitis (NASH) and eventually to
on the immune-serological research of PBC are few to date (7). cirrhosis and its complications; however, the involvement of
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FIGURE 4

(A) Kaplan-Meier survival curves for the comparison of transplant-free survival rates between anti-gp210 positive PBC patients and anti-gp210
negative PBC patients. (B) Kaplan-Meier survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive
PBC patients and anti-gp210 negative PBC patients. (C) Kaplan-Meier survival curves for the comparison of transplant-free survival rates
between anti-gp210 positive PBC patients with cirrhosis and anti-gp210 negative PBC patients with cirrhosis at baseline. (D) Kaplan-Meier
survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive PBC patients with cirrhosis and anti-
gp210 negative PBC patients with cirrhosis at baseline. (E) Kaplan-Meier survival curves for the comparison of transplant-free survival rates
between anti-gp210 positive PBC patients without cirrhosis and anti-gp210 negative PBC patients without cirrhosis at baseline. (F) Kaplan-Meier
survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive PBC patients without cirrhosis and anti-

gp210 negative PBC patients without cirrhosis at baseline.

the biliary ducts is rare (34). Hindi et al. (35) indicated that
NASH and body mass index (BMI) >25 were associated with
severe biliary duct damage and fibrosis in patients with PBC.
NAFLD was mainly found in the patients of cluster 3, who
exhibited better disease prognosis. Although UDCA may be
effective on both of the diseases (36), the results are somewhat
counter-intuitive. Because the co-existence of two chronic liver
diseases, particularly those that predominantly affect different
regions of the liver lobule, would be expected to result in more
severe and progressive liver disease than when only one disorder
is present (37). The effects of NAFLD on the prognosis of PBC
require further assessment.

The present study has several limitations. Firstly, it is
retrospective and subject to limitations in the relevant study
design. Secondly, the medical records of inpatients with PBC
were reviewed at a single hospital in northern China. Due to
incomplete clinical data of outpatient with PBC, asymptomatic
patients who would subsequently develop PBC-related
symptoms were not investigated in the present study. Thirdly,
patients with co-existent diseases affecting the liver and several
other autoimmune disorders were included which may result in
bias of the subjects. Finally, the final classification scheme needs
to be combined with clinical experience and practice. Based on
the known link with clinical factors reported in the literature and
the clinical experience regarding the cognitive heterogeneity of
the disease, such differentiation could be informative but need to
be verified in the future for the clinical practice in terms of both
prognosis and treatment planning.
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Conclusions

By using a data-driven statistical approach in a relatively
large PBC cohort from a single center in China, five subsets of
patients with PBC were characterized by different autoantibody
profiles, clinical features, and prognosis. More critically, we
confirmed the prognostic value of anti-gp210 for both liver-
related death or liver transplantation, as well as adverse outcome
especially in patients with cirrhosis by multivariate analysis
under real-world conditions. It is evident that autoantibodies
are widely available and autoantibody profiles of autoimmune
diseases can still be useful for classification and predicting
outcomes in the clinic.

Data availability statement
The original contributions presented in the study are

included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by Beijing You’an Hospital, Capital Medical
University. Written informed consent for participation was

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1098076
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhao et al.

not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

Conception and design: D-TZ. Administrative, technical, or
material support: H-PY, YZ, H-YL, Y-ML, YH, H-P Z, C-Y H,
X-H L, and J-L L. Patient’s follow up and clinical data collection:
D-T Z, C-YH, W-MZ, YZ. Data analysis and manuscript
writing: D-TZ. Get research funding: D-TZ, YZ, H-PY.
Supervision and manuscript revision: H-PY and YZ. All
authors contributed to the article and approved the
submitted version.

Funding

The study was supported by grants from the National
Natural Science Foundation of China (no.81400609 to D-TZ),

References

1. Younossi ZM, Bernstein D, Shiffman ML, Kwo P, Kim WR, Kowdley KV,
et al. Diagnosis and Management of Primary Biliary Cholangitis. Am J
Gastroenterol (2019) 114(1):48-63. doi: 10.1038/s41395-018-0390-3

2. European Association for the Study of the Liver. EASL clinical practice
guidelines: The diagnosis and management of patients with primary biliary
cholangitis. ] Hepatol (2017) 67(1):145-72. doi: 10.1016/j.jhep.2017.03.022

3. Walker JG, Doniach D, Roitt IM, Sherlock S. Serological tests in diagnosis of
primary biliary cirrhosis. Lancet (1965) 7390:827-31. doi: 10.1016/s0140-6736(65)
91372-3

4. Lindor KD, Bowlus CL, Boyer J, Levy C, Mayo M. Primary biliary cholangitis:
2018 practice guidance from the American association for the study of liver
diseases. Hepatology (2019) 69(1):394-419. doi: 10.1002/hep.30145

5. Hu CJ, Zhang FC, Li YZ, Zhang X. Primary biliary cirrhosis: what do
autoantibodies tell us? World ] Gastroenterol (2010) 16(29):3616-29.
doi: 10.3748/wjg.v16.i29.3616

6. Nakamura M, Kondo H, Mori T, Komori A, Matsuyama M, Ito M, et al. Anti-
gp210 and anti-centromere antibodies are different risk factors for the progression
of primary biliary cirrhosis. Hepatology (2007) 45(1):118-27. doi: 10.1002/
hep.21472

7. Haldar D, Janmohamed A, Plant T, Davidson M, Norman H, Russell E, et al.
Antibodies to gp210 and understanding risk in patients with primary biliary
cholangitis. Liver Int (2021) 41(3):535-44. doi: 10.1111/liv.14688

8. Levy C, Bowlus CL, Carey E, Crawford JM, Deane K, Mayo MJ, et al. A real-
world observational cohort of patients with primary biliary cholangitis: TARGET-
primary biliary cholangitis study design and rationale. Hepatol Commun (2018) 2
(5):484-91. doi: 10.1002/hep4.1173

9. D'Amato D, De Vincentis A, Malinverno F, Vigand M, Alvaro D, Pompili M,
et al. Real-world experience with obeticholic acid in patients with primary biliary
cholangitis. JHEP Rep (2021) 3(2):100248. doi: 10.1016/j.jhepr.2021.100248

10. Chinese Society of Hepatology, Chinese Medical Association, Chinese
Society of Gastroenterology, Chinese Medical Association and Chinese Society of
Infectious Diseases, Chinese Medical Association. Consensus on the diagnosis and
management of primary biliary cirrhosis (cholangitis). Zhonghua Gan Zang Bing
Za Zhi (2016) 24(1):5-13. doi: 10.3760/cma.j.issn.1007-3418.2016.01.004

11. Ludwig J, Dickson ER, McDonald GS. Staging of chronic nonsuppurative
destructive cholangitis (syndrome of primary biliary cirrhosis). Virchows Arch A
Pathol Anat Histol (1978) 379(2):103-12. doi: 10.1007/BE00432479

12. Chazouilleres O, Wendum D, Serfaty L, Montembault S, Rosmorduc O,
Poupon R. Primary biliary cirrhosis-autoimmune hepatitis overlap syndrome:

Frontiers in Immunology

15

10.3389/fimmu.2022.1098076

Natural Science Foundation of Beijing Municipality (n0.7202069
to YZ) and Capital Medical Development Research Fund
(n0.2020-2-1153 to YZ).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

clinical features and response to therapy. Hepatology (1998) 28(2):296-301.
doi: 10.1002/hep.510280203

13. Xu XY, Ding HG, Li WG, Xu JH, Han Y, Jia JD, et al. Chinese Guidelines on
the management of liver cirrhosis (abbreviated version). World J Gastroenterol
(2020) 26(45):7088-103. doi: 10.3748/wjg.v26.i45.7088

14. Chen S, Duan W, Li M, Li S, Lv T, Tian Q, et al. Prognosis of 732
ursodeoxycholic acid-treated patients with primary biliary cholangitis: A single
center follow-up study from China. ] Gastroenterol Hepatol (2019) 34(7):1236-41.
doi: 10.1111/jgh.14521

15. Invernizzi F, Vigano M, Grossi G, Lampertico P. The prognosis and
management of inactive HBV carriers. Liver Int (2016) 36 Suppl 1:100-4.
doi: 10.1111/1iv.13006

16. Artim-Esen B, Cene E, Sahinkaya Y, Ertan S, Pehlivan O, Kamali S, et al.
Cluster analysis of autoantibodies in 852 patients with systemic lupus
erythematosus from a single center. ] Rheumatol (2014) 41(7):1304-10.
doi: 10.3899/jrheum.130984

17. Carbone M, Sharp SJ, Flack S, Paximadas D, Spiess K, Adgey C, et al. The
UK-PBC risk scores: Derivation and validation of a scoring system for long-term
prediction of end-stage liver disease in primary biliary cholangitis. Hepatology
(2016) 63(3):930-50. doi: 10.1002/hep.28017

18. YangF, Yang Y, Wang Q, Wang Z, Miao Q, Xiao X, et al. The risk predictive
values of UK-PBC and GLOBE scoring system in Chinese patients with primary
biliary cholangitis: The additional effect of anti-gp210. Aliment Pharmacol Ther
(2017) 45(5):733-43. doi: 10.1111/apt.13927

19. Curtis AE, Smith TA, Ziganshin BA, Elefteriades JA. The mystery of the z-
score. Aorta (Stamford) (2016) 4(4):124-30. doi: 10.12945/j.a0rta.2016.16.014

20. Chubb H, Simpson JM. The use of z-scores in paediatric cardiology. Ann
Pediatr Cardiol (2012) 5(2):179-84. doi: 10.4103/0974-2069.99622

21. Jurencak R, Fritzler M, Tyrrell P, Hiraki L, Benseler S, Silverman E.
Autoantibodies in pediatric systemic lupus erythematosus: Ethnic grouping,
cluster analysis, and clinical correlations. ] Rheumatol (2009) 36(2):416-21.
doi: 10.3899/jrheum.080588

22. Sobanski V, Giovannelli ], Allanore Y, Riemekasten G, Airo P, Vettori S, et al.
Phenotypes determined by cluster analysis and their survival in the prospective
European scleroderma trials and research cohort of patients with systemic sclerosis.
Arthritis Rheumatol (2019) 71(9):1553-70. doi: 10.1002/art.40906

23. Zampeli E, Mavrommati M, Moutsopoulos HM, Skopouli FN. Anti-Ro52
and/or anti-Ro60 immune reactivity: Autoantibody and disease associations. Clin
Exp Rheumatol (2020) 38 Suppl 126(4):134-41.

frontiersin.org


https://doi.org/10.1038/s41395-018-0390-3
https://doi.org/10.1016/j.jhep.2017.03.022
https://doi.org/10.1016/s0140-6736(65)91372-3
https://doi.org/10.1016/s0140-6736(65)91372-3
https://doi.org/10.1002/hep.30145
https://doi.org/10.3748/wjg.v16.i29.3616
https://doi.org/10.1002/hep.21472
https://doi.org/10.1002/hep.21472
https://doi.org/10.1111/liv.14688
https://doi.org/10.1002/hep4.1173
https://doi.org/10.1016/j.jhepr.2021.100248
https://doi.org/10.3760/cma.j.issn.1007-3418.2016.01.004
https://doi.org/10.1007/BF00432479
https://doi.org/10.1002/hep.510280203
https://doi.org/10.3748/wjg.v26.i45.7088
https://doi.org/10.1111/jgh.14521
https://doi.org/10.1111/liv.13006
https://doi.org/10.3899/jrheum.130984
https://doi.org/10.1002/hep.28017
https://doi.org/10.1111/apt.13927
https://doi.org/10.12945/j.aorta.2016.16.014
https://doi.org/10.4103/0974-2069.99622
https://doi.org/10.3899/jrheum.080588
https://doi.org/10.1002/art.40906
https://doi.org/10.3389/fimmu.2022.1098076
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhao et al.

24. Gao L, Tian X, Liu B, Zhang F. The value of antinuclear antibodies in
primary biliary cirrhosis. Clin Exp Med (2008) 8(1):9-15. doi: 10.1007/s10238-008-
0150-6

25. Murillo Perez CF, Harms MH, Lindor KD, van Buuren HR, Hirschfield GM,
Corpechot C, et al. Goals of treatment for improved survival in primary biliary
cholangitis: Treatment target should be bilirubin within the normal range and
normalization of alkaline phosphatase. Am ] Gastroenterol (2020) 115(7):1066-74.
doi: 10.14309/ajg.0000000000000557

26. Franceschini F, Cavazzana I. Anti-Ro/SSA and La/SSB antibodies.
Autoimmunity (2005) 38(1):55-63. doi: 10.1080/08916930400022954

27. Granito A, Muratori P, Muratori L, Pappas G, Cassani F, Worthington J,
et al. Antibodies to SS-A/Ro-52kD and centromere in autoimmune liver disease: A
clue to diagnosis and prognosis of primary biliary cirrhosis. Aliment Pharmacol
Ther (2007) 26(6):831-8. doi: 10.1111/j.1365-2036.2007.03433.x

28. Nocturne G, Mariette X. Advances in understanding the pathogenesis of
primary sjogren's syndrome. Nat Rev Rheumatol (2013) 9(9):544-56. doi: 10.1038/
nrrheum.2013.110

29. Selmi C, Generali E, Gershwin ME. Rheumatic manifestations in
autoimmune liver disease. Rheum Dis Clin North Am (2018) 44(1):65-87.
doi: 10.1016/j.rdc.2017.09.008

30. Tsianos EV, Hoofnagle JH, Fox PC, Alspaugh M, Jones EA, Schafer DF, et al.
Sjogren's syndrome in patients with primary biliary cirrhosis. Hepatology (1990) 11
(5):730-4. doi: 10.1002/hep.1840110504

Frontiers in Immunology

16

10.3389/fimmu.2022.1098076

31. Uddenfeldt P, Danielsson A, Forssell A, Holm M, Ostberg Y. Features of
sjogren’s syndrome in patients with primary biliary cirrhosis. J Intern Med (1991)
230(5):443-8. doi: 10.1111/j.1365-2796.1991.tb00470.x

32. Trauner M, Nevens F, Shiffman ML, Drenth JPH, Bowlus CL, Vargas V,
et al. Long-term efficacy and safety of obeticholic acid for patients with primary
biliary cholangitis: 3-year results of an international open-label extension study.
Lancet Gastroenterol Hepatol (2019) 4(6):445-53. doi: 10.1016/52468-1253(19)
30094-9

33. Wilde AB, Lieb C, Leicht E, Greverath LM, Steinhagen LM, Wald de
Chamorro N, et al. Real-world clinical management of patients with primary
biliary cholangitis-a retrospective multicenter study from Germany. J Clin Med
(2021) 10(5):1061. doi: 10.3390/jcm10051061

34. Colapietro F, Lleo A, Generali E. Antimitochondrial antibodies: from bench to
bedside. Clin Rev Allergy Immunol (2022) 63(2):166-77. doi: 10.1007/s12016-021-08904-y
35. Hindi M, Levy C, Couto CA, Bejarano P, Mendes F. Primary biliary cirrhosis

is more severe in overweight patients. J Clin Gastroenterol (2013) 47(3):e28-32.
doi: 10.1097/MCG.0b013e318261e659

36. Xiang Z, Chen YP, Ma KF, Ye YF, Zheng L, Yang YD, et al. The role of
ursodeoxycholic acid in non-alcoholic steatohepatitis: A systematic review. BMC
Gastroenterol (2013) 13:140. doi: 10.1186/1471-230X-13-140

37. Tluz-Freundlich D, Uhanova J, Grubert Van Iderstine M, Minuk GY. The
impact of primary biliary cholangitis on non-alcoholic fatty liver disease. Eur J
Gastroenterol Hepatol (2021) 33(4):565-70. doi: 10.1097/MEG.000000000000178

frontiersin.org


https://doi.org/10.1007/s10238-008-0150-6
https://doi.org/10.1007/s10238-008-0150-6
https://doi.org/10.14309/ajg.0000000000000557
https://doi.org/10.1080/08916930400022954
https://doi.org/10.1111/j.1365-2036.2007.03433.x
https://doi.org/10.1038/nrrheum.2013.110
https://doi.org/10.1038/nrrheum.2013.110
https://doi.org/10.1016/j.rdc.2017.09.008
https://doi.org/10.1002/hep.1840110504
https://doi.org/10.1111/j.1365-2796.1991.tb00470.x
https://doi.org/10.1016/S2468-1253(19)30094-9
https://doi.org/10.1016/S2468-1253(19)30094-9
https://doi.org/10.3390/jcm10051061
https://doi.org/10.1007/s12016-021-08904-y
https://doi.org/10.1097/MCG.0b013e318261e659
https://doi.org/10.1186/1471-230X-13-140
https://doi.org/10.1097/MEG.000000000000178
https://doi.org/10.3389/fimmu.2022.1098076
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Using two-step cluster analysis to classify inpatients with primary biliary cholangitis based on autoantibodies: A real-world retrospective study of 537 patients in China
	Introduction
	Methods
	Study population
	Study design
	Parameters
	Statistical analysis

	Results
	Description of the cohort
	Autoantibody clusters and their baseline clinical features
	Associations between individual autoantibodies and clinical features and outcomes
	Prognostic significance of the clusters
	Univariate and multivariate risk factor analysis of autoantibodies in patients with PBC

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


