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Abstract 

Background Takayasu arteritis (TAK) is an autoimmune inflammatory disorder with an undefined etiology. This study 
aimed to characterize the glycosylation profiles of serum immunoglobulin G (IgG) in patients with TAK.

Methods Lectin microarrays containing 56 types of lectins were used to detect the glycan levels of serum IgG in 164 
patients with TAK, 128 patients with atherosclerosis used as disease controls (DCs), and 100 healthy controls (HCs). 
Differentially altered glycosylation patterns between TAK and control groups as well as between TAK subgroups were 
identified and further validated by lectin blot. The classification performance of the TAK-specific glycosylation change 
was measured by receiver-operating characteristic (ROC) curve analysis.

Results Lectin microarray analysis revealed significantly increased N-Acetylgalactosamine (GalNAc) levels in the TAK 
group compared to the DC and HC groups (all p < 0.01). For TAK subgroups, significantly decreased mannosylation 
was observed in patients with active TAK compared to patients with inactive disease (p < 0.01). These differences were 
validated by lectin blot. In addition, GalNAc levels exhibited a considerable potential for discriminating patients with 
TAK from patients with atherosclerosis, with an area under the curve of 0.749 (p < 0.001), a sensitivity of 71.7%, and a 
specificity of 73.8%.

Conclusions Serum IgG in patients with TAK displayed disease-specific glycosylation alterations. Aberrant GalNAc 
glycosylation showed substantial value as a diagnostic biomarker. The potential proinflammatory properties of the 
abnormal glycans may provide new insights into the role of humoral immunity in the pathogenesis of TAK.
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Background
Takayasu arteritis (TAK) is an immune-mediated chronic 
inflammatory disease that mainly involves the aorta 
and its major branches. It predominantly affects young 
women and is more prevalent in Asian and North Afri-
can countries, but cases can also be seen in the rest of 
the world [1]. Vessel wall thickening, lumen stenosis and 
occlusion are common features of TAK. The carotid and 
vertebral arteries, and arteries of the upper extremities 
are frequently affected, leading to ischemic complica-
tions, such as vertigo, stroke, and intermittent upper limb 
weakness [2]. These ischemic manifestations due to arte-
rial stenosis caused by vasculitis are quite similar in clini-
cal signs, symptoms and radiological findings to those 
caused by atherosclerosis [3]. Therefore, atherosclerosis 
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should be excluded in the differential diagnosis when 
evaluating older patients with suspected large vessel vas-
culitis. However, biological indicators for discriminating 
arterial stenosis caused by vasculitis from that caused by 
atherosclerosis are still lacking.

In addition, the mechanism underlying the develop-
ment of TAK remains elusive. The critical role of cel-
lular immunity in TAK, represented by CD4 + T cells, 
has been explored in great detail in previous studies [4], 
but the effects of antibody-mediated humoral immunity 
have not yet been fully unraveled. Deposition of immu-
noglobulin G (IgG) in the intima of involved arteries 
has been observed in patients with TAK [5]. Moreover, 
the presence of anti-endothelial cell antibodies (AECAs) 
in patients with TAK has shed new light on the role of 
humoral immunity in the pathophysiological mecha-
nisms of TAK [6]. Nevertheless, further studies are 
needed to clarify how B cells and autoantibodies contrib-
ute to the disease pathogenesis.

Glycosylation is one of the most important post-trans-
lational modifications during the process of protein bio-
synthesis, which influences biological functions vastly by 
altering the structure and stability of glycoproteins [7]. 
IgG is known to be the most abundant glycoprotein in 
the human serum. Multiple studies have demonstrated 
that the glycosylation of IgG varies significantly under 
different physiological and pathological circumstances, 
especially in some inflammatory autoimmune diseases 
[8]. For instance, altered IgG glycosylation has been 
observed in rheumatoid arthritis (RA) [9], systemic lupus 
erythematosus (SLE) [10], Sjogren’s syndrome [11], mul-
tiple sclerosis [12], inflammatory bowel disease [13], and 
Lambert-Eaton myasthenic syndrome [14]. At present, 
no study has reported the glycosylation changes of serum 
IgG in TAK.

Lectins are proteins that can bind specifically to cer-
tain monosaccharides or oligosaccharides. The recently 
developed lectin microarray is a novel tool for glycan 
analysis that enables obtaining global glycosylation pat-
terns in a rapid and highly sensitive way without the need 
for releasing glycans [15]. In this study, we utilized lectin 
microarrays to depict the glycosylation patterns of serum 
IgG in patients with TAK and search for a potential diag-
nostic marker that can be used to distinguish TAK from 
atherosclerosis. Meanwhile, we investigated differences 
in IgG glycosylation in different disease states of TAK, 
aiming to provide new insights into the role of IgG glyco-
sylation in the pathogenesis of TAK.

Methods
Patients and samples
All serum samples in this study were collected at Peking 
Union Medical College Hospital (PUMCH). In total, 392 

serum samples collected from 164 patients with TAK, 128 
patients with peripheral arterial disease (PAD), and 100 
healthy controls (HCs) were used for lectin microarray 
analysis. The inclusion criteria required every participant 
in this study to be older than 18  years on the sampling 
points. Patients with other autoimmune diseases, active 
infections, pregnancies, cancers, or any severe comorbid-
ities were excluded. For TAK group, patients who met the 
1990 American College of Rheumatology classification 
criteria for TAK were included [16], and patients with 
incomplete laboratory data on the sampling points were 
excluded. Patients with TAK were further divided into 
inactive (n = 82) and active (n = 82) groups with matched 
age and gender, according to the 1994 National Institutes 
of Health criteria [17]. Since PAD is also a chronic dis-
ease characterized by stenosis or occlusion of arteries but 
with an atherosclerotic etiology other than vasculitis [18], 
PAD patients were taken as disease controls (DCs), which 
includes 75 patients with carotid artery stenosis (CAS) 
and 53 with chronic limb-threatening ischemia (CLTI). 
Patients in DC group should meet the 2017 European 
Society of Cardiology diagnostic criteria for PAD [19], 
and patients with arterial stenosis/occlusion secondary 
to non-atherosclerotic conditions (i.e., Buerger’s disease) 
were excluded. For HCs, healthy subjects from the health 
examination center matched for age and gender to DC 
group were included.

Specific glycosylation changes were validated by lec-
tin blot in a smaller cohort consisting of 48 patients with 
TAK (24 inactive and 24 active), 16 DCs (8 CAS and 8 
CLTI), and 16 HCs, of which some patients were from the 
previous study cohort (10 inactive TAK, 10 active TAK, 
6 DCs), and the others came from a new set of patients. 
To reduce the bias caused by age differences in the previ-
ous cohort, 16 new HCs were included in the validation 
cohort to match to the TAK group. The gender distri-
bution among the three groups in the validation cohort 
was also made consistent. Serum was separated from the 
whole blood specimen and stored at −  80  °C until use. 
This study was approved by the Institutional Review 
Board of PUMCH, Beijing, China (JS-2038). Written 
informed consent was obtained from each participant 
and the study was conducted following the Declaration of 
Helsinki.

Lectin microarray
To detect the glycosylation patterns of serum IgG, a com-
mercial lectin microarray chip (BCBIO Biotech, Guang-
zhou, China) with triplicate spots of 56 types of lectins 
was used (see Additional file  1: Fig. S1 for the layout 
of the lectin microarray). The 56 types of lectins were 
known to bind specifically to common glycan structures 
in mammals (see Additional file 3: Table S1 for the list of 
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lectins). Lectin microarray chips at -80  °C storage were 
first equilibrated at 4  °C and warmed at room tempera-
ture for 30 min before use, and then the chips were incu-
bated in blocking buffer (1% BSA in PBS) for 2 h. After 
washing with PBS, the microarray chips were dried by 
centrifugation. The serum from each sample was diluted 
1:200 in 0.05% Tween 20 (PBST) and 200  µl of each 
diluted sample were applied to one well on the chips, and 
then the chips were incubated at 4  °C overnight. After-
ward, the chips were washed with PBST five times and 
incubated with 3  ml Alexa Fluor 647-labeled goat anti-
human IgG antibody (1:1,000; Jackson ImmunoResearch) 
for 45  min at room temperature protected from light. 
After washing thoroughly with PBST and ddH2O, the 
chips were dried by centrifugation and scanned with a 
GenePix 4000B Microarray Scanner (Molecular Devices, 
Sunnyvale, CA) at a wavelength of 647  nm. The photo-
multiplier tube gain was set to 600.

Lectin microarray data analysis
The fluorescent images were converted to a digital format 
for subsequent analysis by extracting the median fore-
ground and background intensity values of each spot on 
the chips using the GenePix Pro 6.0 software (Molecular 
Devices, Sunnyvale, CA). The signal-to-noise ratio (S/N) 
of each lectin spot, defined as the ratio of the median sig-
nal intensity of the foreground to the background, was 
calculated. To minimize the inter-array bias, we used the 
method of Silver et  al. [20] to normalize the S/N data. 
Significant differences in lectin-binding levels among 
groups were determined according to the methods 
described by Hu et  al. [21]. A significant difference was 
considered to be present when the following two condi-
tions were satisfied: (a) the fold change (FC) between two 
groups [group1 (S/N)/group2 (S/N)] > 1.3 or < 0.77; (b) 
P-value < 0.05.

Lectin blot and Western blot
Since the glycans of IgG known to alter the conforma-
tion and function are attached to the two heavy chains 
[22], the IgG heavy chains (50 kDa) are chosen to verify 
the microarray results in lectin blot [23]. First, serum 
proteins at 1:100 dilution were separated by 10% sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS–PAGE) and transferred onto polyvinylidene fluo-
ride membranes (Millipore, Billerica, MA). After being 
blocked with blocking buffer (QuickBlock™ Block-
ing Buffer for Western Blot, Beyotime Biotechnology, 
Nanjing, China) at room temperature for 30  min, the 
membranes were incubated with 20  μg/ml of Cy3 (GE 
Healthcare)-labeled glycine max lectin (SBA; Vector Lab-
oratories Inc., US), Concanavalin A lectin (ConA; Vector 

Laboratories Inc., US), and Morniga M lectin (MNA-M; 
EY Laboratories, Inc., US) overnight at 4  °C protected 
from light. Excess lectins were washed away with TBST. 
Finally, the membranes were visualized by a fluorescence 
signal system of Typhoon FLA 9500 (GE Healthcare). 
Serum proteins from the same healthy subject were used 
as a reference. In addition, to confirm the location of IgG 
in immunoblotting and exclude the influence of different 
IgG concentrations on the measurements of IgG glyco-
sylation, Western blotting of serum IgG was performed. 
After blocking unspecific binding sites, the membranes 
were incubated with goat anti-human IgG (H + L) -HRP 
conjugated antibody (1:15,000; EASYBIO, China) at 
room temperature for 1  h. Protein bands were visual-
ized by ImageQuant software (GE Healthcare). The sig-
nal intensity was quantified for further analysis by ImageJ 
software (National Institutes of Health, Bethesda, MD, 
USA). The intensity ratios (lectin/IgG) were calculated.

Statistical analysis
Continuous variables were presented as mean ± stand-
ard deviation or median [interquartile range (IQR)], 
where appropriate. Categorical variables were presented 
as numbers (percentages). Multiple group comparisons 
were performed using one-way ANOVA or Kruskal–Wal-
lis test where appropriate. Mann–Whitney U test or Stu-
dent’s t-test was applied to compare between two groups 
as appropriate. Spearman’s rank correlation coefficient 
was used to evaluate the relationship between the glycan 
levels of IgG and laboratory results. A P-value < 0.05 was 
considered statistically significant. To evaluate the diag-
nostic performance of differentially altered glycan levels, 
a receiver-operating characteristic (ROC) curve analysis 
was carried out and the area under the ROC curve (AUC) 
was calculated. The optimal cutoff value was determined 
by the ROC curve and the corresponding sensitivity and 
specificity were measured. SPSS 22.0 (SPSS 22.0 for Win-
dows, SPSS, Chicago, Illinois, USA) and GraphPad Prism 
8 (GraphPad  Software, La Jolla, CA) were used to con-
duct the statistical analyses, and GraphPad Prism 8 and 
R software (version 4.0.5) were used for plotting graphics.

Results
Demographic and clinical characteristics of subjects
The basic characteristics of 392 participants included 
in the lectin microarray analysis are summarized in 
Table  1. As shown in the table, no significant differ-
ence was found in age or gender distribution between 
the inactive and active TAK groups. However, there 
were differences in age and gender distribution between 
the TAK group and the other two groups. The rela-
tively late onset of PAD probably explains the disparity 
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in age distribution. In addition, the levels of all meas-
ured inflammatory indicators including hypersensitive 
C-reactive protein (hsCRP), erythrocyte sedimentation 
rate (ESR), interleukin-6 (IL-6), and tumor necrosis fac-
tor-alpha (TNF-α) were significantly higher in the active 
TAK group than in the inactive TAK group (p < 0.01). 
No significant difference was observed in disease dura-
tion, ongoing glucocorticoids, and ongoing disease-
modifying antirheumatic drugs (DMARDs) and/or 
biological DMARDs (bDMARDs) between the inactive 
and active TAK groups. In the lectin blot analysis, the 
mean age was 31.75 ± 8.43  years for patients with TAK 
and 33.38 ± 5.66 years for HCs.

Serum IgG glycosylation patterns detected by lectin 
microarrays
To investigate the glycosylation profiles of serum IgG 
in TAK, lectin microarrays were used, which enabled a 
high-throughput and ultrasensitive detection of the gly-
coforms. Serum samples from 164 patients with TAK, 
128 DCs, and 100 HCs were tested. After normalizing 
the signal values, only one lectin showed a significant 
difference among the three groups. As shown in Fig. 1, 
there is a significantly higher signal intensity of SBA in 
the TAK group compared to DCs and HCs (FC = 1.97, 
p < 0.0001; FC = 1.77, p < 0.0001, respectively), indicat-
ing increased glycan levels of N-Acetylgalactosamine 

Table 1 Clinical characteristics of subjects in the lectin microarray cohort

TAK Takayasu arteritis, DCs disease controls, HCs healthy controls; CAS carotid artery stenosis, CLTI chronic limb-threatening ischemia, hsCRP hypersensitive C-reactive 
protein, ESR erythrocyte sedimentation rate; IL-6, interleukin-6, TNF-α tumor necrosis factor-alpha; (b)DMARDs, (biological) disease-modifying antirheumatic drugs
a Median [interquartile range (IQR)]; bp < 0.01, inactive TAK group vs. active TAK group

TAK (n = 164) DCs (n = 128) HCs (n = 100)

Inactive (n = 82) Active (n = 82) CAS (n = 75) CLTI (n = 53)

Male/Female 9/73 9/73 63/12 44/9 81/19

Age (year)a 31 (27, 37) 32 (27, 35) 66 (61, 71) 68 (62, 74) 65 (63, 68)

Laboratory  resultsa

 hsCRP (mg/L)b 0.9 (0.3, 1.9) 10.4 (2.0, 36.5) / / /

 ESR (mm/h)b 8.0 (3.8, 12.3) 20.0 (8.0, 49.3) / / /

 IL-6 (pg/ml)b 2.8 (2.0, 4.5) 8.2 (2.7, 16.7) / / /

 TNF-α (pg/ml)b 5.5 (4.6, 6.7) 7.2 (5.4, 18.2) / / /

Disease duration (month)a 78.0 (56.6, 119.0) 68.1 (27.5, 117.7) / / /

Ongoing glucocorticoids,
n (%)

61 (74.4) 63 (76.8) / / /

Ongoing (b)DMARDs,
n (%)

72 (87.8) 68 (82.9) / / /

Fig. 1 Differentially altered glycosylation patterns of serum IgG detected by lectin microarray. a comparisons of serum IgG glycopatterns among 
patients with Takayasu arteritis (TAK), disease controls (DCs) and healthy controls (HCs); b and c comparisons of serum IgG glycopatterns between 
patients with inactive and active TAK. **p < 0.001; ns not significant, SBA Glycine max lectin; ConA Concanavalin A lectin; MNA-M Morniga M lectin, 
S/N signal-to-noise ratio
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(GalNAc) of serum IgG in patients with TAK. No 
significant difference was found between DCs and 
HCs (p > 0.99). In addition, decreased mannose lev-
els, as implicated by less binding to ConA (FC = 0.69, 

p = 0.0002) and MNA-M (FC = 0.69, p = 0.0005), were 
found in patients with active TAK relative to patients 
with inactive disease.

Fig. 2 Validation of differentially binding lectins among different groups by lectin blot. a and d Lectin blot of SBA for serum IgG was performed 
in 16 patients with TAK (8 inactive and 8 active), 16 DCs, and 16 HCs. The signal intensity of IgG measured by Western blot was used as an internal 
control. The fluorescence intensity of the lectin blot band of the same healthy subject was used as a reference to correct for differences among 
membranes. The expression of SBA signal was normalized to IgG. The SBA/IgG of the TAK group was significantly higher compared with that of 
DCs and HCs. b and e Lectin blot of ConA for serum IgG between patients with inactive (n = 24) and active (n = 24) TAK. The ConA/IgG showed 
no significant difference between patients with inactive and active TAK (p = 0.0685). c and f Lectin blot of MNA-M for serum IgG between patients 
with inactive (n = 24) and active (n = 24) TAK. The MNA-M/IgG in the active TAK group was significantly lower than that in the inactive TAK group 
(p = 0.0319). SBA, Glycine max lectin; ConA, Concanavalin A lectin; MNA-M, Morniga M lectin; R reference
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Validation of glycosylation changes of serum IgG by lectin 
blot
As shown in Fig. 2, the intensity ratios (SBA/IgG) in the 
TAK group were significantly higher than that in DCs 
and HCs (p = 0.0493 and p < 0.0001, respectively) and no 
significant difference was found between DCs and HCs 
(p = 0.1082), which were consistent with the results of the 
lectin microarray analysis. For TAK subgroups, MNA-M/
IgG was significantly lower in the active TAK group than 
in the inactive TAK group (p = 0.0319). However, no sig-
nificant difference was observed in ConA/IgG between 
the inactive and active TAK groups (p = 0.0685), although 
a similar decreasing trend was shown. Overall, these 
results confirmed the reliability of the lectin microarray 
test. Furthermore, correlation analysis showed a signifi-
cant negative correlation between the signal intensities 
of MNA-M, as well as ConA, detected by lectin micro-
arrays and hsCRP, ESR, and IL-6 (MNA-M: r = − 0.230, 
p = 0.003 for hsCRP, r = −  0.221, p = 0.005 for ESR, 
and r = −  0.184, p = 0.020 for IL-6, respectively; ConA: 
r = −  0.192, p = 0.014 for hsCRP, r = −  0.155, p = 0.047 
for ESR, and r = − 0.242, p = 0.002 for IL-6, respectively). 
For TNF-α, the correlation was also negative (r = − 0.155 
for MNA-M and r = − 0.149 for ConA, respectively), but 
not significant (p = 0.051 for MNA-M and p = 0.060 for 
ConA). These indicated a potential relationship between 
the mannose level of serum IgG and these inflammatory 
indicators. In addition, the MNA-M signal intensities 
between patients with and without ongoing glucocor-
ticoids, and DMARD and/or bDMARDs in TAK group, 
were compared. No significant difference was found in 
the subgroup analysis (Additional file 2: Fig. S2).

Evaluation of the capability of SBA to differentiate TAK 
from PAD
The significant difference in SBA binding levels between 
patients with TAK and PAD prompted us to further 
explore the capability of SBA binding levels in the lectin 
microarray analysis as a potential biomarker to assist the 
differential diagnosis between TAK and PAD. Thus, ROC 
curve  analysis was performed. As shown in Fig.  3, the 
AUC was 0.749 (95% CI: 0.693–0.806, p < 0.001), with a 
sensitivity of 73.8% and a specificity of 71.1% at the opti-
mal cutoff value. These results suggested that the change 
of SBA affinity for serum IgG might be a promising sero-
logical indicator to assist the discrimination between 
TAK and PAD.

Discussion
In the present study, we investigated the glycosylation 
profiles of serum IgG using a lectin microarray technol-
ogy among patients with TAK, patients with PAD, and 
HCs. The results showed that the binding levels of SBA 

were significantly higher in patients with TAK com-
pared to DCs and HCs. For patients with active TAK, 
the affinity of MNA-M for serum IgG was significantly 
decreased compared with that for patients with inac-
tive TAK. These glycosylation changes were validated 
by lectin blot, confirming the reliability of the lectin 
microarray analysis. To the best of our knowledge, this 
is the first study to characterize the glycosylation pat-
terns of serum IgG in patients with TAK.

IgG is the major immunoglobulin associated with 
humoral immunity. The pathogenic involvement of B 
cells and autoantibodies in TAK has been supported by 
several studies. A histological examination of the aor-
tic wall specimens from patients with TAK has revealed 
massive B cell infiltration in the inflamed arterial adven-
titia [24]. When analyzing proportional changes of lym-
phocyte  subsets in the peripheral blood, it has been 
observed that the frequency of B cell subsets in patients 
with TAK is higher than that in HCs [25]. Moreover, 
increased levels of AECAs in the culture superna-
tant of circulating B-lymphocytes have been observed 
in patients with TAK compared with that in HCs [6]. 
Most importantly, autoantibodies recognizing two dis-
tinct autoantigens that are specifically expressed on 
endothelial cells (ECs) in patients with TAK—endothe-
lial protein C receptor and scavenger receptor class B 

Fig. 3 Receiver operating characteristic (ROC) curve analysis of 
SBA signal intensities from lectin microarrays. DeLong method was 
used to calculate the confidence intervals of ROC curve. The best 
predictive value of SBA signal intensity (1.4) and the corresponding 
specificity and sensitivity (71.1% and 73.8%, respectively) were shown. 
The area under the ROC curve (AUC) was 0.749 (95% CI: 0.693–0.806, 
p < 0.001)
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type 1—have been identified and suggested as possible 
triggers of vascular inflammation [26]. Through binding 
to autoantigens on ECs, the autoantibodies are consid-
ered to disrupt the barrier function of the endothelial 
layer and facilitate the infiltration of immune cells, 
thereby promoting vascular inflammation [26].

Meanwhile, IgG is the most abundant glycoprotein in 
human serum and has N-linked oligosaccharides attached 
to the highly conserved asparagine 297 of the CH2 
domain within each fragment crystallizable (Fc) region 
[27]. Variations in Fc glycans can affect the IgG  affinity 
for Fc gamma receptors (FcγR) and components of com-
plement systems [28], thereby having a large influence on 
the effector functions of IgG such as antibody-dependent 
cellular cytotoxicity (ADCC), complement-dependent 
cytotoxicity (CDC), and antibody-dependent cellular 
phagocytosis [29]. To date, aberrant IgG glycosylation 
has been recognized in a variety of autoimmune diseases 
and was demonstrated to impact the occurrence and 
development of diseases. For instance, decreased IgG 
Fc galactosylation and a concomitant increase of termi-
nal N-acetylglucosamine (GlcNAc) residues have been 
strongly associated with RA [9], and these variations are 
found to make terminal GlcNAc residues more accessible 
for mannose-binding proteins, which results in enhanced 
activation of the complement system [30]. Studies have 
indicated that the removal of glycans at asparagine 297 
of IgG CH2 domains reduces anti-inflammatory activ-
ity in SLE [31, 32]. Similarly, the removal of N-glycans of 
IgG from patients with immune thrombocytopenia has 
been implicated to reduce antibody-induced complement 
activation as well as platelet phagocytosis by monocytes, 
thereby increasing platelet survival in vivo [33].

In this study, significantly increased GalNAc glycosyla-
tion (recognized by SBA) of IgG in patients with TAK 
was observed compared with patients with atherosclero-
sis and HCs, which revealed a disease-specific glycan var-
iation in TAK. This finding may have important clinical 
implications. Since there are some overlaps in the clini-
cal and radiological features of TAK and atherosclerosis, 
the differential diagnosis can be quite difficult in some 
patients. Inflammatory indicators are not discriminative 
enough, as vessel wall inflammation and angiographic 
progression can persist despite normal inflammatory 
indicators [34], and atherosclerosis can sometimes pre-
sent with elevated inflammatory indicators. In addition, 
although thought to be a sensitive and reliable tool to 
identify inflammation in large vessels [35], PET-CT is not 
an optimal tool to distinguish TAK from atherosclerosis, 
as focal or diffuse uptake can be observed in atheroscle-
rotic lesions [36]. Therefore, more specific biomarkers 
are needed. Our results indicated that IgG GalNAc lev-
els may be a useful diagnostic index for distinguishing 

individuals with TAK from atherosclerosis with satisfac-
tory performance. Notably, no significant difference in 
GalNAc levels between patients with active and inactive 
TAK was identified, which indicated that the specific 
IgG glycoforms might be permanently encoded within B 
cells, resulting in sustained production of inflammatory 
glycans.

GalNAc is the most common linker of O-linked glyco-
sylation [37]. Information regarding IgG O-linked glycan 
variations in autoimmune diseases is scarce. A pathogenic 
role of IgG O-glycosylation was supported by a study of 
RA where an association of decreased GalNAc levels and 
a clinical amelioration of the disease was observed [38]. It 
has been recognized that IgG O-glycans shield the hinge 
region from proteolytic digestion [39]. Therefore, aber-
rant GalNAc glycosylation is likely to exert its destructive 
effect by inhibiting the pathogenic IgG to be cleared and 
extending its half-life.

We further found that glycosylation features of serum 
IgG had significantly changed between patients with 
active and inactive TAK. Specifically, the mannose level 
(recognized by MNA-M) was decreased in patients 
with active TAK. The statistical correlation between the 
reduced mannose level and elevated inflammatory indi-
cators also confirmed the decreasing mannose level to be 
a marker of disease activity. The difference in ConA bind-
ing levels between different disease states of TAK was 
not validated. One possible reason was that ConA could 
specifically bind not only mannose but also glucose. The 
binding levels of ConA were simultaneously affected by 
the glucose levels of serum IgG. Therefore, the binding 
levels of ConA did not entirely reflect mannose levels of 
serum IgG. It has been reported that IgG containing high 
mannose residues clears more rapidly from human serum 
because of more bindings to mannose receptors, which 
facilitate the uptake of IgG complexes by macrophages 
and dendritic cells [40]. Therefore, decreased high-man-
nose glycans of IgG in patients with active TAK might 
lead to a prolonged half-life of pathogenic IgG, thus 
causing persistent destruction to vascular ECs. Intrigu-
ingly, this finding is consistent with a previous study that 
reported higher AECAs levels in patients with active 
TAK compared to patients with inactive disease [6].

Furthermore, decreased mannose residues in IgG 
have been reported to exhibit reduced ADCC activ-
ity and decreased affinity for the FcγRIIIa, while the 
CDC activity was enhanced due to the increased C1q 
binding affinity [41, 42]. The possible mechanism is the 
relatively increased fucosylation in the glycan core struc-
ture. This is also in line with previous findings. It has 
been demonstrated that AECAs induce the apoptosis 
of ECs through CDC in TAK [43]. Moreover, Chauhan 
et  al. found that the serum of patients with TAK could 
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only induce apoptosis of aortic ECs in the presence of 
AECAs [44]. Our results indicated that serum IgG from 
patients with active TAK might have higher CDC activity 
and thus causing more serious damage to vascular ECs. 
Overall, we assumed that the serum IgG of patients with 
active TAK was pro-inflammatory and had a longer half-
life. These results suggested that correcting the aberrant 
mannosylation of serum IgG in TAK might be able to 
accelerate the clearance of pathogenic IgG and inhibit the 
detrimental CDC activity, which might serve as a thera-
peutic target for TAK in the future.

There are several limitations to our study. First, 
although we used lectin blot to validate the specific gly-
can changes of serum IgG, these variations should be 
confirmed in a larger multi-center cohort of patients in 
the future. Second, the present study only quantified the 
glycosylation levels of serum IgG by lectin microarray 
without revealing the changes in the relative proportion 
of each oligosaccharide on IgG. Therefore, further studies 
are needed to elucidate the combined effects of altered 
glycans of serum IgG on the pathogenesis of TAK.

Conclusions
The present study firstly characterized the changes in the 
glycosylation patterns of serum IgG in a large cohort of 
patients with TAK using a simple and high-throughput 
microarray-based strategy. Our results indicated that 
GalNAc levels were increased in patients with TAK com-
pared to DCs and HCs, and the mannose levels were 
decreased in patients with active TAK relative to inactive 
TAK. We also showed that GalNAc levels of serum IgG 
have an important clinical value as a potential diagnos-
tic indicator. Moreover, the mannose levels of serum IgG 
could reflect the disease activity of TAK. Therefore, our 
study provided new insights into the role of IgG in the 
pathogenesis of TAK and identified meaningful disease-
related predictors for clinical applications.
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