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Objective: Primary biliary cholangitis (PBC) is an autoimmune cholestatic liver disease
whose diagnosis is based significantly on autoantibody detection. This study aims to
investigate the glycosylation profile of serum IgG in PBC patients using high-throughput
lectin microarrays technology.

Method: Lectin microarray containing 56 lectins was used to detect and analyze the
expression of serum IgG glycosylation in 99 PBC patients, 70 disease controls (DCs), and
38 healthy controls (HCs). Significant differences in PBC from control groups as well as
across PBC subgroups positive for various autoantibodies were explored and verified by
lectin blot technique.

Results: Lectin microarray detection revealed that compared to DC and HC groups, the
specific glycan level of serum IgG sialic acid in PBC patients was increased. For each PBC
subgroup, glycan levels of IgG mannose and galactose were decreased in AMA-M2
positive PBC patients compared to the AMA-M2 negative group. IgG N-
Acetylgalactosamine (GalNAc) and fucose were decreased in anti-sp100 positive
patients. IgG galactose was increased in anti-gp210 positive patients. IgG mannose
was decreased in ACA-positive patients. Although the difference in overall sialic acid level
was not observed using lectin blot, all results among the above PBC subgroups were
consistent with the results of the technique.

Conclusion: Lectin microarray is an effective and reliable technique for analyzing glycan
structure. PBC patients positive for different autoantibody exhibits distinct glycan profile.
Altered levels of glycosylation may be related to the occurrence and development of the
disease, which could provide a direction for new biomarker identification.
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INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic autoimmune
cholestatic liver disease characterized by progressive non-
suppurative inflammation and destruction of the small and
medium-sized bile ducts, resulting in fibrosis, cirrhosis, and
eventual liver failure (1, 2). With increasing understanding of
the disease, the application of convenient autoantibody detection
kits, and changing environmental factors, the incidence and
prevalence of PBC have been increasing (3, 4). Previous
researches had shown that Chinese patients with PBC had
significant morbidity and mortality (5, 6).

The diagnosis of PBC depends largely on the detection of
serum autoantibodies in patients. So far, more than sixty
different autoantibodies have been found in patients with PBC
(7). The serological hallmark of primary biliary cirrhosis is the
antimitochondrial antibody (AMA), a highly disease-specific
antibody identified in about 90–95% of patients with primary
biliary cirrhosis. AMA-positivity constitutes one of the three
major diagnostic criteria for PBC (8). There are nine subtypes of
AMA, of which anti-M2 is the most important subtype used in
routine diagnostic tests for PBC. Although the sensitivity and
specificity of AMA detection for PBC are both >90%, it has been
reported that 5–10% of patients with PBC were not positive for
AMA (9). In addition, AMA can be detected in other
autoimmune diseases such as primary Sjögren’s syndrome
(PSS), autoimmune hepatitis (AIH) (10, 11), and some
infectious diseases like tuberculosis (12). Antinuclear
antibodies (ANAs) are present in approximately 50% of PBC
patients, and their prevalence in AMA-negative sera reached
approximately 85% (13). In the ANA category, research has
shown that antinuclear dot antibodies sp100 and antinuclear
pore antibodies gp210 are specific biomarkers in PBC serum (9,
14, 15), and they can reduce AMA-negative cases by less than 5%
in PBC (16). The sensitivity of anti-sp100 and anti-gp210 for
PBC was reported to be approximately 25% (9, 15). Findings
indicate that anti-SP100 antibody has an important diagnostic
role in AMA-negative PBC patients, while anti-gp210 has the
best predictive value regarding progression to end-stage hepatic
failure (7, 13). Anti-centromere antibodies (ACA) are important
diagnostic markers of systemic sclerosis (SSc) and have been
found in other autoimmune diseases. In PBC patients, the ACA
positivity rate is about 30%. Several studies indicate that ACA
positivity in patients with PBC has significant predictive value for
progression to portal hypertension (17, 18). Although the
detection of PBC-specific ANA may help to diagnose PBC
(19), these ANA, like AMA, have been found in other
autoimmune diseases. Therefore, new approaches to
identifying more specific biomarkers in PBC are needed (20).

Glycosylation is one of the most common post-translational
modifications during protein biosynthesis of proteins, which can
have a profound impact on the structure and function of proteins
(21). Numerous studies have confirmed that glycans have been
recognized as biomarkers for cancer and autoimmune diseases
(22–24). Immunoglobulin G (IgG) is the most abundant
glycoprotein in human serum. In recent years, a large number
of studies have confirmed that IgG glycosylation abnormalities
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play an important role in the occurrence and development of
autoimmune diseases (23, 25, 26). For instance, the lack of
terminal sialic acid and galactose residues in IgG glycans are
related to anti-inflammatory activity and may precede the onset
of disease. Thus, they can be used as a biomarker for the early
diagnosis of a disease or a potential target for its treatment (27,
28). In this study, we first used an emerging technology—lectin
microarray, which allows high-throughput, high-speed, and
highly specific research on aberrant glycosylation—to analyze
the expression profile of serum IgG glycosylation in patients with
PBC, autoimmune disease controls, and healthy controls, then
combined with lectin blot technology for verification, to obtain
PBC serum IgG glycosylation expression spectrum.
MATERIALS AND METHODS

Serum Samples
All serum samples involved in the study were collected at Peking
Union Medical College Hospital during the period from 2006 to
2019. A total of 207 serum samples collected from 99 PBC
patients; 30 AIH patients, 40 PSS patients, and 38 healthy
controls (HCs) were used for lectin microarray analysis.
Patients with PBC were divided into five subgroups according
to their positivity for different autoantibodies. AIH patients and
PSS patients constituted the disease controls (DCs). Sample
characteristics were presented in Table 1. In the lectin blot
verification analysis, a new cohort of samples was collected
from 55 PBC patients, 16 DC patients (four AIH, twelve PSS),
and 16 healthy controls. All patients with PBC were diagnosed
according to the criteria established by the American Association
for the Study of Liver Diseases (29), while all patients with AIH
and PSS were diagnosed according to respective general criteria
used for each disease (30, 31). Patients with other autoimmune
diseases, cancers, infections, or any severe comorbidities were
excluded. In addition, AMA-M2 was detected using the anti-
M2–3E ELISA kit (Euroimmune); sp100 and gp210 were
detected by line immunoassay (YHLO Biotech Co.), while
ACA was detected by indirect immunofluorescence assay with
Hep2 cells (Euroimmune). Serum samples were obtained by
separation from peripheral blood and stored at −80°C until
use. The study was approved by the ethics committee at
PUMCH and fulfilled the ethical guidelines of the declaration
of Helsinki.

Sera Assay With Lectin Microarray
A commercial lectin microarray (BCBIO Biotech, Guangzhou,
China) with 56 lectins was used to detect the glycopattern of
serum IgG, which can quickly and sensitively detect common
glycan variants in IgG. First, lectin microarrays were removed
from −80°C and warmed at room temperature for half an hour,
then incubated with blocking buffer (3% BSA in PBS) at room
temperature for 2 h. Microarrays were then washed with PBS and
dried by spinning at 500 g for 5 min. Subsequently, 200 µl of the
1:1,000 diluted samples sera were applied to the microarray and
incubated overnight at 4°C. After washing three times with
PBS, the microarrays were incubated with 5 ml Cy5-labeled
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goat anti-mouse IgG antibody (1:1,000; Jackson Laboratory, Bar
Harbor, ME) in the dark at room temperature for 50 min.
Finally, after three washes with PBS and two washes with D.I.
water, the microarrays were dried by spinning at 500 g for 5 min
and scanned using the GenePix 4000B (Molecular Devices,
Sunnyvale, CA) Microarray Scanner at a wavelength of 635 nm
and a photomultiplier tube setting of 600.

Lectin Microarray Data Analysis
For lectin array assays, the GenePix Pro 6.0 software (Molecular
Devices, Sunnyvale, CA) and proprietary gal files were used to
extract the median foreground and background intensity values
for each spot on the arrays. The signal-to-noise ratio (S/N) (the
medium intensity of the spot foreground relative to the
background) of each lectin spot was calculated. To reduce the
bias of the lectin microarray in the inter-array, we normalized the
S/N data in terms of Between Arrays (32). In addition, we
determined that there were significant differences in lectin
binding between the test groups by using the method of Hu
et al. (33), and for the difference, lectin must meet the following
two conditions: (a) fold change [group1 (S/N)/group2 (S/N)]
≥1.3 or <0.77, (b) P value <0.05.

Lectin Blot Analysis
To validate the results of the lectin microarray, 60 PBC patients,
12 DCs (five AIH, seven PSS), and 12 HCs randomly chosen
from the lectin microarray analysis cohort, as well as 55 PBC
patients, 16 DCs (four AIH, twelve PSS), and 16 HCs from a new
cohort were selected for lectin blotting analysis. Briefly, to
determine the location of IgG in immunoblotting, 1:100
diluted serum proteins were separated by 10% sodium dodecyl
sulphate–polyacrylamide gel electrophoresis (SDS–PAGE). The
separated proteins were electrotransferred onto polyvinylidene
fluoride membranes (Millipore, Billerica, MA). After blocking
non-specific binding sites with 10× Carbo-Free Blocking
Solution (1:10; Vector Laboratories Inc., US) at room
temperature for 2 h, the membranes were incubated with
horseradish peroxidase-conjugated anti-human IgG (1:2,000) at
room temperature for 1 h. The reactive bands were visualized by
Frontiers in Immunology | www.frontiersin.org 3
ImageQuant (GE Healthcare). Then, lectin blot was used to
verify the binding of serum to lectins. As was mentioned above,
after blocking non-specific binding sites, the membranes were
incubated with Cy3 (1:1,000; GE Healthcare)-labeled lectins
including SSA, ABA, LAL, ConA (EY Laboratories, Inc., US),
GNL, SBA, BPL, PSA (Vector Laboratories Inc. US) at 4°C
overnight in the dark. Excess lectins were removed by washing
three times with PBST. The washed and dried membranes were
detected by a fluorescence signal system of Typhoon FLA 9500
(GE Healthcare). Finally, ImageJ software was used for signal
intensity analysis.

Statistical Analysis
SPSS 22.0 was used to perform all statistical analyses, and
GraphPad Prism 8 was used to drew plots in the study.
Continuous variables were expressed as mean ± standard
deviation. The differences among the PBC, DC, and HC
groups were tested by one-way analysis of variance (ANOVA);
the Student t-test was used to compare the antibody-positive
group with the negative group in PBC patients. P value less than
0.05 was considered statistically significant.
RESULTS

Analysis of Serum IgG Glycosylation in
Patients With PBC by Lectin Microarray
Serum samples of 99 PBC patients, 70 DC patients, and 38
healthy controls were detected by lectin microarray. As shown in
Table 2, after signal normalization, there were five lectins among
56 lectins that showed differential signal intensities between the
PBC and HC groups (P< 0.05), while one was significantly
different between the PBC and DC groups (P < 0.05).
Compared with the DC and HC groups, serum IgG from PBC
patients had a higher affinity for SSA. Therefore, glycan level of
sialylation (recognized by SSA) was increased characteristically
in serum IgG from patients with PBC (Figure 1). Thus, SSA was
chosen for verification in the later process.
TABLE 1 | Sample characteristics and subgroups of lectin microarray cohort.

PBC (n = 99) DC (n = 70) HC (n = 38)

AMA-M2+ Group
A

AMA-M2– Group
B

sp100+ Group
C

gp210+ Group
D

ACA+ Group
E

AIH PSS

n 20 20 19 20 20 30 40 38
Male/Female 1/9 3/17 1/18 1/19 1/19 1/14 1/9 3/35
Age (Mean ± SD)(year) 52.40 ± 10.62 53.35 ± 11.14 56.89 ± 10.72 50.70 ± 7.97 54.55 ± 12.04 44.86 ±

19.28
48.52 ±
9.73

45.60 ±
7.64

AMA-M2 autoantibody + – + + + NA NA NA
Anti-sp100
autoantibody

– – + – – NA NA NA

anti-gp210
autoantibody

– – – + – NA NA NA

ACA autoantibody – – – – + NA NA NA
June 2021 | Volume 12 | A
PBC, primary biliary cholangitis; DC, disease control; AIH, autoimmune hepatitis; PSS, primary Sjögren’s syndrome; HC, healthy control; AMA-M2, antimitochondrial antibody M2; gp210,
anti-glycoprotein-210 antibody; sp100, sp100 nuclear antigen; ACA, anti-centromere antibody.
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Lectin microarray results were further explored across
different PBC subgroups (Table 1), and results were illustrated
in Figure 2: (1) Significantly lower glycan levels of galactose
(recognized by ABA) and mannose (recognized by GNL) were
observed for AMA-M2 positive patients compared to the
negative group (P < 0.05). (2) Significantly lower glycan levels
of N-Acetylgalactosamine (GalNAc) (recognized by SBA) and
fucose (recognized by LAL) were observed for anti-sp100
positive patients compared to the negative group (P < 0.05).
(3) Significantly higher glycan level of galactose (recognized by
BPL) was observed for anti-gp210 positive patients compared to
the negative group (P < 0.05). (4) Significantly lower glycan levels
of mannose (recognized by PSA, Con A, VVA, and MNA-M)
and GlcNAc (recognized by PWM) were observed for ACA-
positive patients compared to the negative group (P < 0.05).

Validation of Glycosylation Changes of IgG
by Lectin Blot
IgG heavy chains were selected in lectin blot to verify the
microarray results. The intensity of SSA on serum IgG from 28
PBC patients, 28 DC patients, and 28 healthy controls was
analyzed, and no significant results were observed (Figure 3).
Frontiers in Immunology | www.frontiersin.org 4
For each PBC subgroup, 16 serum samples (six from lectin
microarray cohort and ten from a new cohort, randomly
selected from subgroups positive for respective autoantibodies)
were chosen for validation. The results were listed as
follows (Figure 4): (1) ABA and GNL lectins were selected to
recognize glycans of serum IgG in AMA-M2 negative and
positive groups, and decreased levels of galactose and
mannose in AMA-M2 positive group were observed (P <
0.05). (2) SBA and LAL lectins were selected to recognize
glycans of serum IgG in anti-sp100 negative and positive
groups, and decreased levels of GalNAc and fucose in anti-
sp100 positive group were observed (P < 0.05). (3) BPL was
selected to recognize glycans of serum IgG in anti-gp210
negative and positive groups, and increase of galactose in
anti-gp210 positive group was observed (P < 0.05). (4) PSA
and ConA lectins were selected to recognize glycans of serum
IgG in ACA negative and positive groups, and decrease of
mannose in ACA positive group was observed (P < 0.05). These
results were consistent with those from lectin microarrays,
which confirmed the reliability of lectin microarray analysis.
The consistent summary of verification results was shown
in Table 3.
FIGURE 1 | Specific changes of serum IgG glycosylation in PBC patients’ comparison with DCs and HCs from the lectin microarray. *P < 0.05. PBC, primary biliary
cholangitis; DC, disease control; HC, healthy controls; SSA, Salvia sclarea. S/N, the medium intensity of the spot foreground relative to the background. **p < 0.01.
TABLE 2 | Difference of specific binding between IgG and lectin in PBC, DC, and HC groups.

Lectin Normalized fluorescence intensity (Mean ± SD) Fold change

PBC DC HC PBC/DC PBC/HC

SSA 3.37 ± 1.74 2.60 ± 1.43 2.60 ± 1.43 1.30** 1.30*
ABA 2.27 ± 1.16 1.95 ± 0.86 1.63 ± 0.49 1.16 1.39**
RCA-I 3.90 ± 2.01 3.31 ± 1.73 2.89 ± 1.13 1.18* 1.35**
ACL 1.60 ± 0.91 1.85 ± 1.19 2.39 ± 3.06 0.87 0.67*
SNA-I 6.13 ± 4.50 5.61 ± 3.68 4.45 ± 2.54 1.09 1.38*
Jun
e 2021 | Volume 12 | Artic
**P < 0.01, *P < 0.05; PBC, primary biliary cholangitis; DC, disease control; HC, healthy control; SSA, Salvia sclarea; ABA, Agaricus bisporus lectin; RCA-I, Ricinus communis agglutinin I;
ACL, Amaranthus caudatus lectin; SNA-I, Sambucus nigra.
le 669137

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zeng et al. Glycosylation in Primary Biliary Cholangitis
DISCUSSION

IgG is the most abundant antibody in our body and was involved
in multiple humoral immune processes: antigen neutralization,
complement activation, antibody-dependent cell-mediated
cytotoxicity (ADCC), and complement-dependent cytotoxicity
(CDC), etc. (28, 34). The Fc fragment of IgG plays an important
Frontiers in Immunology | www.frontiersin.org 5
role in some of these processes, and variation of Fc glycans
composition could influence IgG’s structural, conformation, and
effector functions (35, 36). To date, a large number of studies
have reported that IgG glycosylation patterns and expression
levels have changed in many different autoimmune diseases such
as rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), granulomatous vasculitis (GPA), and inflammatory
A

B

FIGURE 3 | Lectin blot of SSA lectin for serum IgG in PBC, DC and, HC groups. (A) Lectin blot of SSA for serum IgG from three groups, 12 PBC patients, 12 DCs
(five AIH, seven PSS), and 12 HCs was selected from lectin microarray cohort, 16 PBC patients,16 DCs (four AIH, twelve PSS), and 16 HCs were selected from a
new cohort. (B) Comparison of fluorescence intensity of lectin blot bands in PBC, DC, and HC groups. PBC, primary biliary cholangitis; DC, disease control; HC,
healthy controls; SSA, Salvia sclarea; R, reference.
A B

DC

FIGURE 2 | Binding levels of specific lectins between autoantibody-positive and negative groups in PBC patients from lectin microarray. (A) Comparison of serum
IgG glycosylation between AMA-M2 positive and negative groups (group A and group B); (B) Comparison of serum IgG glycosylation between sp100 positive
and negative groups (group C and group A); (C) Comparison of serum IgG glycosylation between gp210 positive and negative groups (group D and group A);
(D) Comparison of serum IgG glycosylation between ACA positive and negative groups (group E and group A). *P < 0.05,**P < 0.01. ABA, Agaricus bisporus lectin;
GNL, Galanthus nivalis lectin; SBA, glycine max lectin; LAL, Laburnum anagyroides lectin; BPL, Bauhinia purpurea lectin; PSA, Pisum sativum agglutinin; ConA,
concanavalin A lectin; VVA, Vicia villosal lectin; PWM, Phytolacca americana lectin; MNA-M, Morniga M lectin. S/N, the medium intensity of the spot foreground
relative to the background.
June 2021 | Volume 12 | Article 669137
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A

B

D

C

FIGURE 4 | Lectin blot of selected lectins for serum IgG between PBC subgroups. (A) Lectin blots for ABA and GNL and band fluorescence intensity between
AMA-M2 positive and negative groups. (B) Lectin blots for SBA and LAL, and band fluorescence intensity between anti-sp100 positive and negative groups.
(C) Lectin blots for BPL and band fluorescence intensity between anti-gp210 positive and negative groups. (D) Lectin blots for PSA and ConA and band
fluorescence intensity between ACA positive and negative groups. *P < 0.05, **P < 0.05. ABA, Agaricus bisporus lectin; GNL, Galanthus nivalis lectin; SBA,
glycine max lectin; LAL, Laburnum anagyroides lectin; BPL, Bauhinia purpurea lectin; PSA, Pisum sativum agglutinin; ConA, concanavalin A lectin; R, reference.
TABLE 3 | Significant microarray result for changes of serum IgG glycan in PBC subgroups.

Subgroup Lectin Binding polysaccharide Positive group result

AMA-M2 ABA galactose decreased
GNL mannose

Anti-sp100 SBA GalNAc decreased
LAL fucose

Anti-gp210 BPL galactose increased
ACA PSA mannose decreased

Con A mannose
Frontiers in Immunology | www.frontiersin.or
g 6
 June 2021 | Volum
AMA-M2, antimitochondrial antibody M2; gp210, anti-glycoprotein-210 antibody; sp100, sp100 nuclear antigen; ACA, anti-centromere antibody; ABA, Agaricus bisporus lectin; GNL,
Galanthus nivalis lectin; SBA, glycine max lectin; LAL, Laburnum anagyroides lectin; BPL, Bauhinia purpurea lectin; PSA, Pisum sativum agglutinin; ConA, concanavalin A lectin; GalNAc,
N-acetylgalactosamine.
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bowel disease (IBD) (37–40). Considering the important role of
IgG glycosylation in autoimmune diseases, this study explored
the patterns and levels of IgG-specific glycosylation in PBC
patients and subgroups positive for different autoantibodies.

Lectin microarray is an emerging technique for the study of
glycosylation in recent years (41, 42). Compared with other
conventional polysaccharide analysis methods such as mass
spectrometry, it enables rapid, high-throughput, and high-
sensitivity profiling of complex glycan features to directly
obtain global glycosylation without the need for liberation of
glycans (43, 44). Lectin microarray has made important
achievements in the study of glycosylation and biomarker
identification of tumors and autoimmune diseases (22, 45, 46).
In our study, a total of 207 serum samples were analyzed by lectin
microarray. The fluorescence intensity of specific binding of
serum IgG to 56 lectins had increased and decreased alteration,
which indicated that these results were related to the structure of
serum IgG polysaccharides, but not to the increase of serum IgG
concentration. Compared with the DC and HC groups, serum
IgG from PBC patients had a higher affinity for SSA lectin
detected by lectin microarray, which was not consistent with
the result of lectin blotting of SSA. It might be due to the limited
number of tested specimens or excessive heterogeneity. However,
for PBC subgroups positive for different antibodies, the lectin
microarray results were all consistent with corresponding lectin
blot verification results. Our study suggested that lectin
microarray could be an alternative method in identifying PBC
patients apart from diagnostic autoantibodies and have additive
value for autoantibody-negative patients.

Serum AMA-M2 is considered a pivotal biomarker for the
diagnosis of PBC. In our study, the results had shown that
galactose and mannose were lower in AMA-M2 positive patients
than those observed for AMA-M2-negative patients. A decrease in
the level of IgG galactosylation has been found in various
autoimmune diseases, such as RA, SLE, autoimmune vasculitis,
and Crohn’s disease. In a previous study using mass spectroscopy,
Zhou et al. observed a decrease of terminal galactosylation in PBC
and PSC patients (47). Early studies have proposed that IgG which
lacks terminal galactoses might have an increased level of pro-
inflammatory activity through MBL-dependent pathway of
complement activation (26, 28). As the role of AMA-M2 in PBC
is still controversial, these changes of serum IgG glycosylation may
be helpful in analyzingits role in PBC disease.

Anti-nuclear antibodies to speckled 100 kDa (sp100) are
highly specific to PBC and can be detected in 10–40% of PBC
patients (19, 48). Compared to sp100-negative patients, the
expressions of GalNAc and fucose were decreased in anti-
sp100 positive PBC patients in our study. Previous studies
have shown that the majority (>90%) of serum IgG contains a
fucose which was attached to the first GlcNAc in the IgG glycan
core structure (49, 50). Reduced core fucosylation of the IgG
promotes increased activating FcgR signaling and enhances
inflammatory effector cell activity (51, 52). The presence of a
high proportion of fucose for IgG can reduce potentially harmful
ADCC activity (26). Therefore, we speculate that changes of
serum IgG glycosylation in patients with positive anti-sp100
antibodies may be involved in the occurrence of PBC disease.
Frontiers in Immunology | www.frontiersin.org 7
Anti-gp210 antibodies, one of the PBC-specific antinuclear
antibodies (ANAs), are highly specific for PBC and can be detected
in 20–30% of PBC patients (53). Several studies have indicated that
autoantibodies of gp210 are strong predictors of PBC prognosis
(54, 55). In addition, faster disease progression, and significantly
higher hepatic failure have been found in anti-gp210-positive
patients (56, 57). In this study, we have observed that the
expression of galactose was increased in anti-gp210-positive
patients with PBC. IgG galactosylation can change quickly in
acute inflammation. Highly galactosylated immune complexes
have been reported to inhibit the pro-inflammatory activity of
complement component C5a (58). Likewise, terminal galactose
has been found to enhance the affinity of IgG to complement C1q
and Fcg receptors, thus promoting CDC and ADCC (59, 60).
Therefore, the changes of serum IgG glycosylation in anti-gp210
positive patients may play an important role in the occurrence of
PBC or may reflect the inflammatory state of the disease.

Anti-centromere (ACA) antibodies are also a kind of
antinuclear antibody which can be detected in 25–30% of PBC
patients (7). Previous study has revealed an elevated rate of
annual estimated glomerular filtration rate (eGFR) declines in
PBC patients with ACAs compared to those without ACAs,
which may be associated with the vascular damage due to anti-
endothelial cell antibodies (AECAs). Thus, ACAs may be an
independent predictor for chronic kidney disease (CKD) in PBC
(61, 62). Our study demonstrates that the expression of mannose
was decreased in ACA positive PBC patients, which may be
related to the pathogenesis and influence of PBC.

Our study has some limitations. Inconsistency between the
results of serum IgG and lectin SSA in patients with PBC
detected by the two techniques may be due to the limited
number of tested specimens or excessive heterogeneity. In the
future, clinical features of patients (baseline characteristics,
disease duration, biochemical parameters, etc.) could be
recorded, controlled, and explored for their relationship with
specific glycosylate profiles in a larger cohort.

In conclusion, our study is the first to use lectin microarrays
to analyze changes in serum IgG glycosylation patterns in PBC
patients. The results show that PBC patients positive for different
autoantibodies have specific glycosylation patterns, which
provides a new direction and method for us to further explore
the pathogenesis and look for new biomarkers of PBC.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Peking Union Medical
College Hospital. The patients/participants provided their
written informed consent to participate in this study.
June 2021 | Volume 12 | Article 669137

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zeng et al. Glycosylation in Primary Biliary Cholangitis
AUTHOR CONTRIBUTIONS

All the authors were involved in the design of the project. XLZ, ST,
and XL contributed to all of the experimental procedures. GZ and
ML contributed significantly to analysis and manuscript preparation.
XL and ST analyzed the data and wrote the manuscript. XFZ and CH
helped perform the analysis with constructive discussions. All authors
contributed to the article and approved the submitted version.
Frontiers in Immunology | www.frontiersin.org 8
FUNDING

This study was supported by the National Key Research
and Development Program of China (2019YFC0840603,
2017YFC0907601, and 2017YFC0907602), the National
Natural Science Foundation of China (81771780), and the
CAMS Initiative for Innovative Medicine (2017-I2M-3-001 and
2019-I2M-2-008).
REFERENCES
1. Carey EJ, Ali AH, Lindor KD. Primary Biliary Cirrhosis. Lancet (2015) 386

(10003):1565–75. doi: 10.1016/S0140-6736(15)00154-3
2. Tsuneyama K, Baba H, Morimoto Y, Tsunematsu T, Ogawa H. Primary

Biliary Cholangitis: Its Pathological Characteristics and Immunopathological
Mechanisms. J Med Invest (2017) 64(1.2):7–13. doi: 10.2152/jmi.64.7

3. Ali AH, Carey EJ, Lindor KD. Diagnosis and Management of Primary Biliary
Cirrhosis. Expert Rev Clin Immunol (2014) 10(12):1667–78. doi: 10.1586/
1744666X.2014.979792

4. Galoosian A, Hanlon C, Zhang J, Holt EW, Yimam KK. Clinical Updates in
Primary Biliary Cholangitis: Trends, Epidemiology, Diagnostics, and New
Therapeutic Approaches. J Clin Transl Hepatol (2020) 8(1):49–60. doi:
10.14218/JCTH.2019.00049

5. Wong GL, Hui AY, Wong VW, Chan FK, Sung JJ, Chan HL. A Retrospective
Study on Clinical Features and Prognostic Factors of Biopsy-Proven Primary
Biliary Cirrhosis in Chinese Patients. Am J Gastroenterol (2005) 100
(10):2205–11. doi: 10.1111/j.1572-0241.2005.50007.x

6. Wang L, Gershwin ME, Wang FS. Primary Biliary Cholangitis in China. Curr
Opin Gastroenterol (2016) 32(3):195–203. doi: 10.1097/MOG.0000000000000257

7. Hu CJ, Zhang FC, Li YZ, Zhang X. Primary Biliary Cirrhosis: What do
Autoantibodies Tell Us? World J Gastroenterol (2010) 16(29):3616–29. doi:
10.3748/wjg.v16.i29.3616

8. Bowlus CL, Gershwin ME. The Diagnosis of Primary Biliary Cirrhosis.
Autoimmun Rev (2014) 13(4-5):441–4. doi: 10.1016/j.autrev.2014.01.041

9. de Liso F, Matinato C, Ronchi M, Maiavacca R. The Diagnostic Accuracy of
Biomarkers for Diagnosis of Primary Biliary Cholangitis (PBC) in Anti-
Mitochondrial Antibody (AMA)-Negative PBC Patients: A Review of
Literature. Clin Chem Lab Med (2017) 56(1):25–31. doi: 10.1515/cclm-
2017-0249

10. Hu C, Deng C, Song G, Zhang W, Zhang S, Li X, et al. Prevalence of
Autoimmune Liver Disease Related Autoantibodies in Chinese Patients With
Primary Biliary Cirrhosis. Dig Dis Sci (2011) 56(11):3357–63. doi: 10.1007/
s10620-011-1756-1

11. Hu CJ, Song G, Huang W, Liu GZ, Deng CW, Zeng HP, et al. Identification of
New Autoantigens for Primary Biliary Cirrhosis Using Human Proteome
Microarrays. Mol Cell Proteomics (2012) 11(9):669–80. doi: 10.1074/
mcp.M111.015529

12. Sun L, Wang Y, Liu Y, Zhao Y, Zhang X, Wang Y, et al. Differential
Characteristics of AMA-M2 Autoantibody in Primary Biliary Cirrhosis and
non-PBC Patients. Zhonghua Gan Zang Bing Za Zhi (2015) 23(5):343–9. doi:
10.3760/cma.j.issn.1007-3418.2015.05.005

13. Yamagiwa S, Kamimura H, Takamura M, Aoyagi Y. Autoantibodies in
Primary Biliary Cirrhosis: Recent Progress in Research on the Pathogenetic
and Clinical Significance. World J Gastroenterol (2014) 20(10):2606–12. doi:
10.3748/wjg.v20.i10.2606

14. Zhang Q, Liu Z, Wu S, Duan W, Chen S, Ou X, et al. Meta-Analysis of
Antinuclear Antibodies in the Diagnosis of Antimitochondrial Antibody-
Negative Primary Biliary Cholangitis. Gastroenterol Res Pract (2019)
2019:8959103. doi: 10.1155/2019/8959103

15. Hu SL, Zhao FR, Hu Q, Chen WX. Meta-Analysis Assessment of GP210 and
SP100 for the Diagnosis of Primary Biliary Cirrhosis. PloS One (2014) 9(7):
e101916. doi: 10.1371/journal.pone.0101916

16. Ozaslan E, Efe C, Gokbulut Ozaslan N. The Diagnosis of Antimitochondrial
Antibody-Negative Primary Biliary Cholangitis. Clin Res Hepatol
Gastroenterol (2016) 40(5):553–61. doi: 10.1016/j.clinre.2016.06.001
17. Liberal R, Grant CR, Sakkas L, Bizzaro N, Bogdanos DP. Diagnostic and
Clinical Significance of Anti-Centromere Antibodies in Primary Biliary
Cirrhosis. Clin Res Hepatol Gastroenterol (2013) 37(6):572–85. doi: 10.1016/
j.clinre.2013.04.005

18. 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

19. Bogdanos DP, Komorowski L. Disease-Specific Autoantibodies in Primary
Biliary Cirrhosis. Clin Chim Acta (2011) 412(7-8):502–12. doi: 10.1016/
j.cca.2010.12.019

20. Terziroli Beretta–Piccoli B, Mieli–Vergani G, Vergani D, Vierling JM, Adams
D, Alpini G, et al. The Challenges of Primary Biliary Cholangitis: What Is New
and What Needs to be Done. J Autoimmun (2019) 105:102328. doi: 10.1016/
j.jaut.2019.102328

21. Eichler J. Protein Glycosylation. Curr Biol (2019) 29(7):R229–r231. doi:
10.1016/j.cub.2019.01.003

22. Wang M, Zhu J, Lubman DM, Gao C. Aberrant Glycosylation and Cancer
Biomarker Discovery: A Promising and Thorny Journey. Clin Chem Lab Med
(2019) 57(4):407–16. doi: 10.1515/cclm-2018-0379

23. Li X, Xu J, Li M, Zeng X, Wang J, Hu C. Aberrant Glycosylation in
Autoimmune Disease. Clin Exp Rheumatol (2020) 38(4):767–75.

24. Clerc F, Reiding KR, Jansen BC, Kammeijer GS, Bondt A, Wuhrer M. Human
Plasma Protein N-Glycosylation. Glycoconj J (2016) 33(3):309–43.
doi: 10.1007/s10719-015-9626-2

25. Jennewein MF, Alter G. The Immunoregulatory Roles of Antibody
Glycosylation. Trends Immunol (2017) 38(5):358–72. doi: 10.1016/
j.it.2017.02.004

26. BiermannMH, Griffante G, Podolska MJ, Boeltz S, Stürmer J, Muñoz LE, et al.
Sweet But Dangerous - The Role of Immunoglobulin G Glycosylation in
Autoimmunity and Inflammation. Lupus (2016) 25(8):934–42. doi: 10.1177/
0961203316640368

27. Brückner C, Lehmann C, Dudziak D, Nimmerjahn F, et al. Sweet SIGNs: Igg
Glycosylation Leads the Way in IVIG-Mediated Resolution of Inflammation.
Int Immunol (2017) 29(11):499–509. doi: 10.1093/intimm/dxx053

28. Gudelj I, Lauc G, Pezer M. Immunoglobulin G Glycosylation in Aging and
Diseases. Cell Immunol (2018) 333:65–79. doi: 10.1016/j.cellimm.2018.07.009

29. Heathcote EJ. Management of Primary Biliary Cirrhosis. The American
Association for the Study of Liver Diseases Practice Guidelines. Hepatology
(2000) 31(4):1005–13. doi: 10.1053/he.2000.5984

30. EASL Clinical Practice Guidelines. Autoimmune Hepatitis. J Hepatol (2015)
63(4):971–1004. doi: 10.1016/j.jhep.2015.06.030

31. Shiboski SC, Shiboski CH, Criswell L, Baer A, Challacombe S, Lanfranchi H,
et al. American College of Rheumatology Classification Criteria for Sjögren’s
Syndrome: A Data-Driven, Expert Consensus Approach in the Sjögren’s
International Collaborative Clinical Alliance Cohort. Arthritis Care Res
(Hoboken) (2012) 64(4):475–87. doi: 10.1002/acr.21591

32. Silver JD, Ritchie ME, Smyth GK. Microarray Background Correction:
Maximum Likelihood Estimation for the Normal-Exponential Convolution.
Biostatistics (2009) 10(2):352–63. doi: 10.1093/biostatistics/kxn042

33. Hu C, Zhang P, Li L, Liu C, Li J, Zhang W, et al. Assessing Serum IgG4
Glycosylation Profiles of IgG4-Related Disease Using Lectin Microarray. Clin
Exp Rheumatol (2021) 39(2):393–402.

34. Goulabchand R, Vincent T, Batteux F, Eliaou JF, Guilpain P. Impact of
Autoantibody Glycosylation in Autoimmune Diseases. Autoimmun Rev
(2014) 13(7):742–50. doi: 10.1016/j.autrev.2014.02.005
June 2021 | Volume 12 | Article 669137

https://doi.org/10.1016/S0140-6736(15)00154-3
https://doi.org/10.2152/jmi.64.7
https://doi.org/10.1586/1744666X.2014.979792
https://doi.org/10.1586/1744666X.2014.979792
https://doi.org/10.14218/JCTH.2019.00049
https://doi.org/10.1111/j.1572-0241.2005.50007.x
https://doi.org/10.1097/MOG.0000000000000257
https://doi.org/10.3748/wjg.v16.i29.3616
https://doi.org/10.1016/j.autrev.2014.01.041
https://doi.org/10.1515/cclm-2017-0249
https://doi.org/10.1515/cclm-2017-0249
https://doi.org/10.1007/s10620-011-1756-1
https://doi.org/10.1007/s10620-011-1756-1
https://doi.org/10.1074/mcp.M111.015529
https://doi.org/10.1074/mcp.M111.015529
https://doi.org/10.3760/cma.j.issn.1007-3418.2015.05.005
https://doi.org/10.3748/wjg.v20.i10.2606
https://doi.org/10.1155/2019/8959103
https://doi.org/10.1371/journal.pone.0101916
https://doi.org/10.1016/j.clinre.2016.06.001
https://doi.org/10.1016/j.clinre.2013.04.005
https://doi.org/10.1016/j.clinre.2013.04.005
https://doi.org/10.1002/hep.21472
https://doi.org/10.1016/j.cca.2010.12.019
https://doi.org/10.1016/j.cca.2010.12.019
https://doi.org/10.1016/j.jaut.2019.102328
https://doi.org/10.1016/j.jaut.2019.102328
https://doi.org/10.1016/j.cub.2019.01.003
https://doi.org/10.1515/cclm-2018-0379
https://doi.org/10.1007/s10719-015-9626-2
https://doi.org/10.1016/j.it.2017.02.004
https://doi.org/10.1016/j.it.2017.02.004
https://doi.org/10.1177/0961203316640368
https://doi.org/10.1177/0961203316640368
https://doi.org/10.1093/intimm/dxx053
https://doi.org/10.1016/j.cellimm.2018.07.009
https://doi.org/10.1053/he.2000.5984
https://doi.org/10.1016/j.jhep.2015.06.030
https://doi.org/10.1002/acr.21591
https://doi.org/10.1093/biostatistics/kxn042
https://doi.org/10.1016/j.autrev.2014.02.005
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zeng et al. Glycosylation in Primary Biliary Cholangitis
35. Kao D, Danzer H, Collin M, Groß A, Eichler J, Stambuk J, et al. A
Monosaccharide Residue Is Sufficient to Maintain Mouse and Human Igg
Subclass Activity and Directs Igg Effector Functions to Cellular Fc Receptors.
Cell Rep (2015) 13(11):2376–85. doi: 10.1016/j.celrep.2015.11.027

36. Quast I, Peschke B, Lünemann JD. Regulation of Antibody Effector Functions
Through IgG Fc N-Glycosylation. Cell Mol Life Sci (2017) 74(5):837–47. doi:
10.1007/s00018-016-2366-z

37. Sjöwall C, Zapf J, von Löhneysen S, Magorivska I, Biermann M, Janko C, et al.
Altered Glycosylation of Complexed Native IgGMolecules Is Associated With
Disease Activity of Systemic Lupus Erythematosus. Lupus (2015) 24(6):569–
81. doi: 10.1177/0961203314558861

38. Bondt A, Selman MH, Deelder AM, Hazes JM, Willemsen SP, Wuhrer M,
et al. Association Between Galactosylation of Immunoglobulin G and
Improvement of Rheumatoid Arthritis During Pregnancy is Independent of
Sialylation. J Proteome Res (2013) 12(10):4522–31. doi: 10.1021/pr400589m

39. Espy C, Morelle W, Kavian N, Grange P, Goulvestre C, Viallon V, et al.
Sialylation Levels of Anti-Proteinase 3 Antibodies Are Associated With the
Activity of Granulomatosis With Polyangiitis (Wegener’s). Arthritis Rheum
(2011) 63(7):2105–15. doi: 10.1002/art.30362

40. Shinzaki S, Kuroki E, Iijima H, Tatsunaka N, Ishii M, Fujii H, et al. Lectin-
Based Immunoassay for Aberrant IgG Glycosylation as the Biomarker for
Crohn’s Disease. Inflamm Bowel Dis (2013) 19(2):321–31. doi: 10.1097/
MIB.0b013e318280eade

41. Tateno H, Kuno A, Itakura Y, Hirabayashi JA. A Versatile Technology for
Cellular Glycomics Using Lectin Microarray. Methods Enzymol (2010)
478:181–95. doi: 10.1016/S0076-6879(10)78008-3

42. Hirabayashi J, Yamada M, Kuno A, Tateno H. Lectin Microarrays: Concept,
Principle and Applications. Chem Soc Rev (2013) 42(10):4443–58. doi:
10.1039/c3cs35419a

43. Hirabayashi J, Kuno A, Tateno H. Development and Applications of the
Lectin Microarray. Top Curr Chem (2015) 367:105–24. doi: 10.1007/
128_2014_612

44. Hirabayashi J. Lectin-Based Glycomics: How and When Was the Technology
Born? Methods Mol Biol (2014) 1200:225–42. doi: 10.1007/978-1-4939-1292-
6_20

45. Dang K, Zhang W, Jiang S, Lin X, Qian A. Application of Lectin Microarrays
for Biomarker Discovery. ChemistryOpen (2020) 9(3):285–300. doi: 10.1002/
open.201900326

46. Hashim OH, Jayapalan JJ, Lee CS. Lectins: An Effective Tool for Screening of
Potential Cancer Biomarkers. PeerJ (2017) 5:e3784. doi: 10.7717/peerj.3784

47. Zhou X, Kailemia MJ, Sun Y, Shuai Z, Yang GX, Dhaliwal S, et al. Glycomic
Analysis of Antibody Indicates Distinctive Glycosylation Profile in Patients
With Autoimmune Cholangitis. J Autoimmun (2020) 113:102503. doi:
10.1016/j.jaut.2020.102503

48. Worman HJ, Courvalin JC. Antinuclear Antibodies Specific for Primary
Biliary Cirrhosis. Autoimmun Rev (2003) 2(4):211–7. doi: 10.1016/S1568-
9972(03)00013-2

49. Zauner G, Selman MH, Bondt A, Rombouts Y, Blank D, Deelder AM, et al.
Glycoproteomic Analysis of Antibodies. Mol Cell Proteomics (2013) 12
(4):856–65. doi: 10.1074/mcp.R112.026005

50. Seeling M, Brückner C, Nimmerjahn F. Differential Antibody Glycosylation in
Autoimmunity: Sweet Biomarker or Modulator of Disease Activity? Nat Rev
Rheumatol (2017) 13(10):621–30. doi: 10.1038/nrrheum.2017.146
Frontiers in Immunology | www.frontiersin.org 9
51. Wang TT, Ravetch JV. Functional Diversification of IgGs Through Fc
Glycosylation. J Clin Invest (2019) 129(9):3492–8. doi: 10.1172/JCI130029

52. Bruggeman CW, Dekkers G, Bentlage AEH, Treffers LW, Nagelkerke SQ,
Lissenberg–Thunnissen S, et al. Enhanced Effector Functions Due to Antibody
Defucosylation Depend on the Effector Cell Fcg Receptor Profile. J Immunol
(2017) 199(1):204–11. doi: 10.4049/jimmunol.1700116

53. Nakamura M. The Significance of Anti-Nuclear Envelope (gp210) Antibody
in Primary Biliary Cirrhosis. Nihon Rinsho Meneki Gakkai Kaishi (2005) 28
(3):117–22. doi: 10.2177/jsci.28.117

54. Huang C, HanW,Wang C, Liu Y, Chen Y, Duan Z. Early Prognostic Utility of
Gp210 Antibody-Positive Rate in Primary Biliary Cholangitis: A Meta-
Analysis. Dis Markers (2019) 2019:9121207. doi: 10.1155/2019/9121207

55. Itoh S, Ichida T, Yoshida T, Hayakawa A, Uchida M, Tashiro–Itoh T, et al.
Autoantibodies Against a 210 kDa Glycoprotein of the Nuclear Pore Complex as
a Prognostic Marker in Patients With Primary Biliary Cirrhosis. J Gastroenterol
Hepatol (1998) 13(3):257–65. doi: 10.1111/j.1440-1746.1998.01553.x

56. Nakamura M, Shimizu–Yoshida Y, Takii Y, Komori A, Yokoyama T, Ueki T,
et al. Antibody Titer to gp210-C Terminal Peptide as a Clinical Parameter for
Monitoring Primary Biliary Cirrhosis. J Hepatol (2005) 42(3):386–92. doi:
10.1016/j.jhep.2004.11.016

57. Wang C, Zheng X, Jiang P, Tang R, Gong Y, Dai Y, et al. Genome-Wide
Association Studies of Specific Antinuclear Autoantibody Subphenotypes in
Primary Biliary Cholangitis. Hepatology (2019) 70(1):294–307. doi: 10.1002/
hep.30604

58. Mihai S, Nimmerjahn F. The Role of Fc Receptors and Complement in
Autoimmunity. Autoimmun Rev (2013) 12(6):657–60. doi: 10.1016/
j.autrev.2012.10.008

59. Peschke B, Keller CW, Weber P, Quast I, Lünemann JD. Fc-Galactosylation of
Human Immunoglobulin Gamma Isotypes Improves C1q Binding and
Enhances Complement-Dependent Cytotoxicity. Front Immunol (2017)
8:646. doi: 10.3389/fimmu.2017.00646

60. Dekkers G, Treffers L, Plomp R, Bentlage AEH, de Boer M, Koeleman CAM,
et al. Decoding the Human Immunoglobulin G-Glycan Repertoire Reveals a
Spectrum of Fc-Receptor- and Complement-Mediated-Effector Activities.
Front Immunol (2017) 8:877. doi: 10.3389/fimmu.2017.00877

61. Mandai S, Kanda E, Arai Y, Hirasawa S, Hirai T, Aki S, et al. Anti-Centromere
Antibody is an Independent Risk Factor for Chronic Kidney Disease in
Patients With Primary Biliary Cirrhosis. Clin Exp Nephrol (2013) 17
(3):405–10. doi: 10.1007/s10157-012-0724-1

62. Huang YQ. Recent Advances in the Diagnosis and Treatment of Primary
Biliary Cholangitis. World J Hepatol (2016) 8(33):1419–41. doi: 10.4254/
wjh.v8.i33.1419

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.

Copyright © 2021 Zeng, Li, Tang, Li, Zhang, Li, Zeng and Hu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2021 | Volume 12 | Article 669137

https://doi.org/10.1016/j.celrep.2015.11.027
https://doi.org/10.1007/s00018-016-2366-z
https://doi.org/10.1177/0961203314558861
https://doi.org/10.1021/pr400589m
https://doi.org/10.1002/art.30362
https://doi.org/10.1097/MIB.0b013e318280eade
https://doi.org/10.1097/MIB.0b013e318280eade
https://doi.org/10.1016/S0076-6879(10)78008-3
https://doi.org/10.1039/c3cs35419a
https://doi.org/10.1007/128_2014_612
https://doi.org/10.1007/128_2014_612
https://doi.org/10.1007/978-1-4939-1292-6_20
https://doi.org/10.1007/978-1-4939-1292-6_20
https://doi.org/10.1002/open.201900326
https://doi.org/10.1002/open.201900326
https://doi.org/10.7717/peerj.3784
https://doi.org/10.1016/j.jaut.2020.102503
https://doi.org/10.1016/S1568-9972(03)00013-2
https://doi.org/10.1016/S1568-9972(03)00013-2
https://doi.org/10.1074/mcp.R112.026005
https://doi.org/10.1038/nrrheum.2017.146
https://doi.org/10.1172/JCI130029
https://doi.org/10.4049/jimmunol.1700116
https://doi.org/10.2177/jsci.28.117
https://doi.org/10.1155/2019/9121207
https://doi.org/10.1111/j.1440-1746.1998.01553.x
https://doi.org/10.1016/j.jhep.2004.11.016
https://doi.org/10.1002/hep.30604
https://doi.org/10.1002/hep.30604
https://doi.org/10.1016/j.autrev.2012.10.008
https://doi.org/10.1016/j.autrev.2012.10.008
https://doi.org/10.3389/fimmu.2017.00646
https://doi.org/10.3389/fimmu.2017.00877
https://doi.org/10.1007/s10157-012-0724-1
https://doi.org/10.4254/wjh.v8.i33.1419
https://doi.org/10.4254/wjh.v8.i33.1419
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Changes of Serum IgG Glycosylation Patterns in Primary Biliary Cholangitis Patients
	Introduction
	Materials and Methods
	Serum Samples
	Sera Assay With Lectin Microarray
	Lectin Microarray Data Analysis
	Lectin Blot Analysis
	Statistical Analysis

	Results
	Analysis of Serum IgG Glycosylation in Patients With PBC by Lectin Microarray
	Validation of Glycosylation Changes of IgG by Lectin Blot

	Discussion
	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


