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A simple lectin-based biochip might display the potential clinical 
value of glycomics in patients with spontaneous intracerebral 
hemorrhage
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Background: Intracerebral hemorrhage (ICH) is a cerebrovascular disease with extremely high disability 
and mortality rates. Glycans play critical roles in biological processes. However, whether glycans can serve as 
potential biomarkers for determining clinical diagnosis and prognosis in ICH remains determined.
Methods: In this study, we established a lectin-biochip to measure serum glycans levels in ICH patients 
(n=48) and healthy controls (n=16). An enzyme-linked immunosorbent assay (ELISA) was carried out to 
determine serum levels of IL-10 and TNF-α in the patients. Correlation analyses of the serum glycan and 
cytokine levels and the clinicopathological parameters of patients were performed.
Results: The biochip-based data revealed that the serum levels of α-Man/α-Glc (ConA), Galβ3GalNAc 
(PNA), GalNAc (VVA), Fucα6GlcNAc (AAL), α-Fuc (LTL), and Galβ3GalNAc-Ser/Thr (AIL) significantly 
increased in the super-acute phase of ICH in comparison with healthy controls. Clinicopathological analysis 
indicated the serum levels of ConA, VVA, and LTL had significant associations with the National Institute of 
Health Stroke Scale (NIHSS), and serum VVA levels had a significant association with the Mini-Mental State 
Examination (MMSE) at day 90 after ICH. Correlation coefficient analysis revealed significant correlations 
between TNF-α and ConA (P<0.001) as well as between IL-10 and ConA (P<0.001), PNA (P=0.02), VVA 
(P<0.001), and MAL (P=0.04), respectively.
Conclusions: We established a proof-of-concept platform for detecting serum glycomics and highlighted 
their potential value in diagnosing and predicting ICH patients’ outcomes.
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Introduction

Intracerebral  hemorrhage (ICH) is  a  devastat ing 
cerebrovascular disease of the central nervous system 
(CNS), which results from the rupture of intracranial 
vessels with pathological lesions causing blood to break 
into the surrounding brain tissues (1). Although ICH’s 
morbidity accounts for only 10–15% of all stroke patients, 
the 1-month fatality can be as high as 38.5% (2). The 
occurrence of stroke is often recognized by those affected or 
family members and is subsequently validated by computed 
tomography (CT) or CT angiography (CTA) scans in the 
emergency department (ED), where clinical data is assessed 
by specialist neurologists (3). The early diagnosis of stroke 
is essential, but this is challenged by a lack of fast, specific, 
and sensitive detection approaches. Therefore, auxiliary 
diagnostic methodologies are urgently needed in clinical 
practice.

There are various potential molecule biomarkers 
available for recognizing ICH, providing multiple clinical 
or laboratory targets for diagnosis and prediction of 
outcomes in ICH patients (4,5). Promising biomarkers 
for the assessment of brain injury include S100β and 
neuron-specific enolase (NSE), and these are used in the 
investigation of diverse neurocritical pathologies (6). Other 
biomarkers, including CD163 (7) and glial fibrillary acidic 
protein (GFAP) (8), have been suggested as candidate 
molecules for ICH diagnosis. However, most biomarker 
molecules are proteins or RNAs, and their expression 
levels are influenced not only by the status of the disease 
but also by genetic factors. Perplexing heterogeneous 
manifestations in clinical chemical measurements often lead 
to interpretation biases in diseases.

However, glycans are carbohydrate-based polymers and 
act as essential biomolecules in living organisms. The lack 
of a direct genetic template or structure of glycosylation, 
which itself ubiquitously occurs in post-translational 
modifications, means glycans are predominantly affected 
by micro-environmental factors in the body or the disease 
itself (9). Protein glycosylation played a pivotal role in 
numerous biological processes, including cell adhesion, 
molecule trafficking, pathogen recognition, clearance, 
signal transduction, and endocytosis (10) and a recent 
study showed the protein glycosylation was significantly 
correlated to the pathogenesis of stroke. Liu et al. reported 
that the increased level of bisecting GlcNAc and decreased 
level of sialylation and galactosylation might enhance 
the probability of ischemic stroke (IS) (10). In a serum 

glycoproteomic study, Deng et al. reported that both ConA-
related and WGA-related glycoproteins were significantly 
correlated with favorable neurological outcomes in 
hypothermia-treated cardiac arrest patients, serving as 
potentially predicting biomarkers (11). Investigations of 
glycans’ metabolism revealed fruitful evidence that the 
identification of glycosylation composition might provide 
a novel insight into the pathogenesis of CNS disease. 
However, most previous omic-related studies in stroke 
were carried out at the genetic and protein levels, and little 
research on ICH has focused on glycomics.

In this study, we presented a lectin-biochip method 
for the fast detection of serum glycomics profiles, 
preliminarily exploring the potential diagnostic and 
prognostic value of glycans in ICH. We also performed a 
correlation investigation on the serum levels of glycans and 
neuroinflammatory responses in patients with ICH. We 
present the following article in accordance with the STARD 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7315).

Methods

Patients

In this study, 48 patients with ICH and 16 healthy controls 
with gender- and age-match were randomly recruited from 
the First Affiliated Hospital of Anhui Medical University 
between January 2017 and July 2018. Unrelated and gender- 
and age-matched healthy controls were recruited from 
the medical examination center of the hospital. Healthy 
subjects who suffered from CNS diseases, autoimmune 
diseases, and malignant cancers were excluded from the 
study. Demographic data are summarized in Table 1. Two 
senior neurosurgeons conducted the clinical diagnosis of 
ICH according to symptoms and medical imaging results. 
Sera from each patient were collected at the identical time 
point of day 0 (the day at admission and within the 4 hours 
of disease onset). Sera were also collected from the control 
individuals at identical times. The sera of both groups were 
stored at –80 ℃. All patients received additional clinical 
examinations to assess neurological damage based on the 
Glasgow Coma Scale (GCS) at admission.

Furthermore, both the National Institute of Health 
Stroke Scale (NIHSS) and Mini-Mental State Examination 
(MMSE) were used to assess the neural function status and 
cognitive function recoveries at day 90 after ICH operation. 
Two experienced senior neurologists provided evaluation for 
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scoring, and the flow diagram is depicted in Figure 1. The 
study was conducted following the Declaration of Helsinki 
(as revised in 2013) and was approved by the regional ethics 
board of the First Affiliated Hospital of Anhui Medical 
University (No. P2020-12-07). Informed consent was 

obtained from all individual participants.

Reagents and instruments

All chemicals were reagent grade and used as received 

Figure 1 Flow diagram of the study.

Potentially eligible intracranial hemorrhagic patients (n=75)

Healthy volunteers (n=16)

Eligible intracerebral hemorrhagic (ICH) patients (n=48)

Healthy volunteers (n=16)

Detection of serum glycomics for the ICH patients

Diagnostic accuracy 

analysis: sensitivity 

and specificity

Clinicopathological 

analysis with the 

levels of glycomics

Correction analysis of 

glycomics with serum 

cytokines

Lectin probing on biochip
Surface chemical modification 

for the biochip

Excluded (n=27)

    1. Operation free patients (n=15)

    2. Subarachnoid hemorrhage (SAH) patients (n=12)

Table 1 Demographic data for the participants

General information ICH patients (n=48) Healthy subjects (n=16) P value

Age 61.25±5.91 59.95±3.11 0.202

Gender, male 31 10 0.880

Hypertension 34 9 0.282

Diabetes mellitus 7 4 0.339

Dyslipidemia 10 4 0.727

ICH, intracerebral hemorrhage.
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unless indicated otherwise. Gold biochips were generously 
supplied by the Interactive Division, Thermo-Hybaid, 
Ulm, Germany. The geometric dimension of the biochip 
is described elsewhere. Gold film (0.1 μm) with an initial 
adhesion layer of Teflon (50 μm) was coated on glass 
slides (75 mm × 25 mm), and the Teflon film divided the 
gold surface into a matrix spot layout of 8×24. Each spot 
diameter was 1.5 mm. Lectins, including ConA, PNA, VVA, 
MAL-I, AAL, TLT, NPL, SNA, RCA-I, and AIL, were 
commercially obtained from Vector Laboratories Inc. (CA, 
USA). We purchased Cy3 from AAT Bioquest (CA, USA), 
and a BCA protein assay kit was obtained from Beyotime 
Biotechnology (Shanghai, China). A BSA, HEPES buffer, 
and PBST buffer were purchased from Sigman-Alerich 
(MO, USA), and a Proteo Prep immunoaffinity Albumin 
and IgG Depletion Kit was used as an isolation medium 
of albumin and IgG from the sera. For the removal of 
redundant cy3, PD MiniTrap G-25 chromatographic 
columns were obtained from GE (MA, USA), and an 
enzyme-linked immunosorbent assay (ELISA) kit for testing 
TNF-α and IL-10 was obtained from Elabscience (Wuhan, 
China). A LuxscanTM 10K-A microscanner was used 
(Capitalbio Co., Ltd., Beijing, China), and the microplate 
reader was a Bioreader (Model 550, Japan).

Chemical modification of the gold biochip was 
carried out according to a previously established 
approach (12). All reagents for the surface chemical 
modification were commercially obtained and included 
16-amino-1-hexadecanethiol (16-AHDT, Dojindo, 
Shanghai, China), N-Succinimidyl 4-(maleimidomethyl) 
cyclohexanecarboxylate (SMCC, Sigma-Aldrich, MO, USA), 
4-(dimethylamino) pyridine (DMAP, Sigma-Aldrich, MO 
USA), and N, N-Dimethylformamide (DMF, 99% pure, 
Sigma-Aldrich, MO USA). The physical and chemical 
features and the biocompatibility of the modified surface 
were proven to be appropriate for bio-molecule probing (12).

Purification of and preparation of Cy3-labeling sera

Isolation of high-abundant proteins was introduced in our 
previous study (13). According to the manufacturer’s protocol, 
high-abundant proteins, including albumin and IgG, were 
filtrated with a Proteo Prep Immunoaffinity Albumin and 
IgG Depletion Kit. Briefly, chromatographic columns 
were pretreated with equilibrium solution, then 40 μL  
of the sera were individually diluted up to a volume of 100 μL  
with the equilibrium solution. The diluted solution was added 

to a purification column and incubated for 10 min at room 
temperature (RT); then, centrifugation of the purification 
column was carried out at 10,000 rpm at 4 ℃ for 60 seconds. 
The equilibrium solution was again added into the column 
and then incubated for 10 min. Sera without high-abundant 
proteins were collected after centrifugation at 10,000 rpm at 
4 ℃ for 1 min. Finally, a BCA Protein Assay kit was used for 
quantification of the serum proteins.

Preparation for Cy3 labeling sera was also introduced in 
our previous study (13). The purified sera described above 
were diluted with 0.01 M PBST (pH 7.4) in a ratio of 1:5. 
The diluted sera were then incubated with an equivalent 
volume of Cy3-NHS (V) and 0.1 M sodium bicarbonate 
buffer (pH 8.5) in a dark environment at RT for 1 h, to 
attach the Cy3 tag to the purified sera. Removal of redundant 
Cy3 was performed with a PD MiniTrap G-25 column, and 
finally, Cy3-labelled sera were obtained.

Lectin probing on biochips

Before probing lectins on biochips, the chemically modified 
biochips were rinsed with PBST buffer and dried with 
nitrogen flow. Lectins, including ConA, PNA, VVA, 
MAL-I, AAL, TLT, NPL, SNA, RCA-I, and AIL, were 
individually resolved in 10 mM HEPES buffer (pH 8.5)-
0.001% BSA to the concentration of 1 mg/mL. Lectins 
were then immobilized on individual spots on the biochip 
surface and incubated at RT for 2 hours. The layout of the 
biochip is depicted in Figure 2A. The biochips were then 
washed with a 0.01 M PBST buffer (pH 7.4) and dried with 
a nitrogen flow.

Profiling glycosylation of sera in ICH

The Cy3-labelled sera from 48 ICH patients and 16 healthy 
controls were supplied on the lectin-probed biochips and 
incubated in a humidity chamber and dark environment at 
RT for 0.5 hours. After being rinsed in PBST buffer twice 
at RT for 3 min and dried with a flow of nitrogen, the 
biochips were scanned with the microarray scanner. The 
fluorescence intensity on the biochips was recorded.

ELISA for measurement of serum TNF-α and IL-10 in 

ICH

According to the manufacturer’s protocols and based on 
the quantitative sandwich enzyme immunoassay technique, 
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serum levels of TNF-α and IL-10 in the ICH patients were 
measured with ELISA kits.

Statistical analysis

SPSS 19.0 software was applied for statistical analysis. All 
enumeration data were given as mean ± standard deviation 
(mean ± SD) and analyzed by the Kruskal-Wallis test. 
Ranked data were expressed by the median [interquartile 
range (IQR)] and were statistically analyzed using the 
Mann-Whitney test, and the Chi-squared test analyzed 
binary data. Correlations were calculated using Spearman’s 
correlation analysis. The P values reported in the study were 
based on a two-sided probability test with a significance 
level of P<0.05.

Results

Glycosylation profiles of sera

In this study, a well-established lectin-loaded biochip was 

used for serum glycomics profiling in both ICH patients 
and healthy controls. Ten lectins and the specific binding 
glycans are listed in Table 2. Differences in the 10 serum 
glycans at admission between the ICH patients and the 
healthy controls are shown in Figure 2B. Obviously, in 
comparison with the healthy controls, statistically increased 
serum levels in ConA (α-Man/α-Glc) (P<0.001), PNA 
(Galβ3GalNAc) (P<0.001), VVA (GalNAc) (P=0.03), AAL 
(Fucα6GlcNAc) (P<0.001), LTL (α-Fuc) (P<0.001), and 
AIL (Galβ3GalNAc-Ser/Thr) (P<0.001), respectively, were 
observed in the ICH patients (Figure 3). No differences 
were found in the MAL-I (Galβ4GlcNAc), NPL (α-Man), 
SNA (Neu5Acα6Gal/GalNAc), and RCA-I (Gal) (P>0.05).

Correlation study of serum levels of glycans and clinical 
features in ICH

We analyzed clinicopathological features, including 
age, gender, hypertension, diabetes, dyslipidemia, GCS, 
NIHSS, and MMSE, bleeding, midline shift >10 mm,  
and intravascular hemorrhage (IVH), in the ICH 

Figure 2 Biochip detection for the serum glycomics. (A) Layout of the biochip format. (B) Lectin-based biochip assay for measurement of 
serum glycans in 48 ICH patients and 16 healthy controls. ICH, intracerebral hemorrhage.

A B

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Sample 6

Sample 7

Sample 8

ConA PNA  VVA MAL-1 AAL   LTL   NPL  SNA RCA-l  AIL 
Negative 
control 



Ye et al. Serum glycomics screening by a lectin biochip

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(7):544 | http://dx.doi.org/10.21037/atm-20-7315

Page 6 of 11

patients with the differentially expressed serum glycans. 
As shown in Table 3, AIL (Galβ3GalNAc-Ser/Thr) was 
significantly correlated with age (P<0.001), gender (P=0.02), 
hypertension (P<0.001), and IVH (P<0.001), respectively. 
Significant correlations were also seen between LTL 
(α-Fuc) and dyslipidemia (P<0.001), GCS (P=0.02), and 
NIHSS (P=0.02), and AAL (Fucα6GlcNAc) had obvious 
correlations with gender (P=0.01), dyslipidemia (P=0.02), 
GCS (P<0.001), and bleeding (P=0.001). Also, VA (GalNAc) 
revealed a significant statistical correlation with GCS 
(P<0.001), NIHSS (P<0.001), and MMSE (P<0.001). 

Significant correlations were also observed in ConA (α-Man, 
α-Glc) with NIHSS (P=0.03) and PNA (Galβ3GalNAc) 
with IVH (P=0.001).

Preliminary analysis of the diagnostic potential of serum 
glycan levels in ICH patients

We found elevated serum levels relevant to six glycan-
related lectins (ConA, PNA, VVA, AAL, LTL, and AIL) 
in the 48 ICH patients. We completed a preliminary 
evaluation of the glycans’ diagnostic potential using a 
receiver operating characteristic (ROC) curve (Figure S1). 
The area under curve (AUC) were yielded as 0.93 for ConA 
(P<0.01), 0.95 for PNA (P<0.01), 0.67 for VVA (P=0.04), 
0.92 for AAL (P<0.01), 0.86 for LTL (P<0.01), and 0.84 for 
AIL (P<0.01), respectively. We found that the sensitivity 
and specificity of ConA, PNA, VVA, AAL, LTL, and 
AIL were 75.0%/95.8%, 100.0%/64.7%, 75.0%/58.3%, 
100.0%/72.9%, 87.5%/79.2%, and 68.8%/83.3%, 
separately, in the ICH patients. Our results indicated that 
α-Man/α-Glc, Galβ3GalNAc, GalNAc, Fucα6GlcNAc, 
α-Fuc, and Galβ3GalNAc-Ser might be promising 
biomarkers to support clinical decision making in diagnosis 
at the super-acute phase of ICH.

Correlation analysis of neuroinflammatory cytokines with 
serum glycans

We compared both the serum concentrations of two 

Figure 3 Quantification comparison of 10 kinds of lectin-related serum glycans between 48 ICH patients and 16 healthy controls. The 
serum concentration of ConA (α-Man/α-Glc), PNA (Galβ3GalNAc), VVA (GalNAc), AAL (Fucα6GlcNAc), LTL (α-Fuc), and AIL 
(Galβ3GalNAc-Ser/Thr) were up-regulated in the ICH patients in comparison with that in the healthy subjects. Spots in indigo: cases; 
Spots in orange: controls. *, P<0.05; **, P<0.001. ICH, intracerebral hemorrhage.

Table 2 Lectins and binding glycans

Lectins Relevant glycans

ConA α-Man/α-Glc

PNA Galβ3GalNAc

VVA GalNAc

MAL-I Galβ4GlcNAc

AAL Fucα6GlcNAc

LTL α-Fuc

NPL α-Man

SNA Neu5Acα6Gal/GalNAc

RCA-I Gal

AIL (Jacalin) Galβ3GalNAc-Ser/Thr
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neuroinflammatory cytokines, TNF-α and IL-10, with the 
serum levels of glycans in ICH. As shown in Figures S2,S3, 
the serum concentration of TNF-α positively correlated 
with the serum level of ConA (r=0.44, P<0.01), and the 
concentration of serum IL-10 positively correlated with 
those of ConA (r=0.70, P<0.01), PNA (r=0.32, P=0.02), 
VVA (r=0.40, P<0.01), and MAL (r=0.29, P=0.04), 
respectively.

Discussion

A variety of glycans or their derivates have been clinically 
applied as potential diagnostic disease biomarkers. The 
fucosylated fraction of alpha-fetoprotein (AFP) is a valuable 
diagnostic biomarker for hepatocellular carcinoma with 
higher sensitivity and specificity than that of AFP (14). 
N-glycosylation patterns of multiple plasma proteins 
revealed potential diagnostic and prognostic values for 
chronic obstructive pulmonary disease (15), diabetes (16), 
gastrointestinal, and liver diseases (17).

Similarly, there is increasing evidence showing the 
obvious effects of glycosylation on neurovascular pathways 
(18-20). It was reported that down-regulation of CD147 
glycosylation was a promising target for neurovascular-
unit repair in cases of recombinant tissue plasminogen 
activator (rt-PA)-induced hemorrhagic transformation (21). 
Other studies interpreted indivisible relations between 
the glycosylation and IS. Liu et al. found that low levels 
of galactosylation and sialylation, as well as high levels of 
bisecting GlcNAc, might be risk factors in IS in comparison 
with both cerebral arterial stenosis (CAS) patients and 
healthy subjects (10). However, few investigations relevant 
to glycans in ICH are available. It was reported that 
high levels of HbA1c, glycosylated hemoglobin, were an 
independent prediction indicator for ICH (22). O-GlcNAc 
modification of cyclin-dependent kinase 5 (CDK5) 
repressed neural apoptosis through the p53 pathway in ICH 
animal models. These data provide a better understanding 
of how glycosylation contributes to pivotal neuronal 
functions in ICH (23). Investigations regarding the effect of 
glycosylation on stroke patients might provide new insights 
into the diagnosis and prognosis of hemorrhagic stroke.

In this study, we explored the potential value of serum 
glycomics’ expression for both diagnosis and prognosis in 
ICH patients using a biochip-based platform. Interestingly, 
we found that the expressions of glycans such as α-Man/
α-Glc, Galβ3GalNAc, GalNAc, Fucα6GlcNAc, α-Fuc, 

and Galβ3GalNAc-Ser/Thr, were significantly increased 
in the acute phase of ICH patients compared to those in 
the healthy controls. We compared ICH patients’ clinical 
diagnostic parameters with six increased serum glycans 
and found that α-Man/α-Glc (ConA) exhibited the best 
specificity. The glycans showing the highest sensitivity 
were Fucα6GlcNAc (AAL) and Galβ3GalNAc (PNA). 
Furthermore, in the clinicopathological analysis, we found 
α-Man/α-Glc (ConA), GalNAc (VVA), and α-Fuc (LTL) 
manifested significantly interpretable values in assessing 
the recovery of neural function or/and cognitive function. 
It is worthy to note that α-Man/α-Glc (ConA) may be a 
potential biomarker with diagnostic and prognostic value in 
ICH.

Additional evidence indicated that inflammatory 
responses might be associated with the dual effect of 
aggravating brain damage and promoting brain recovery 
in the phase of secondary brain injury after stroke (24,25). 
Numerous cytokines and chemokines are involved in ICH’s 
pathological processes and other brain damages. Among 
these, TNF-α and IL-10 have been widely investigated 
and considered inflammatory biomarkers and potential 
therapeutic targets for stroke (26-28). It is well known 
that TNF-α (pro-inflammatory and neurotoxic) and IL-10  
(anti-inflammatory and neuroprotective) display reverse 
functions in neuroinflammatory processes (25), which were 
significantly correlated with changes to serum glycans 
(29,30). In this study, we carried out a correlation efficiency 
analysis for evaluating the serum expressions of glycans with 
serum IL-10 and TNF-α levels in ICH patients. We found 
that the serum concentration of TNF-α was significantly 
correlated with serum levels of ConA (r=0.44, P<0.01), 
and the concentration of serum IL-10 was significantly 
correlated with those of ConA (r=0.70, P<0.01), PNA 
(r=0.32, P=0.02), VVA (r=0.40, P<0.01), and MAL (r=0.29, 
P=0.04), respectively. It was reported that N-glycans could 
play a switch role between pro- and anti-inflammatory IgG 
functionality via attaching to the conserved asparagine 297 
in the fragment crystallizable (Fc) region (31).

Furthermore, envelope proteins of hepatitis C virus 
(HCV) integrated with glycans could protect the conserved 
immunogenic epitopes from neutralizing antibodies in 
HCV infected patients (29). Our data further indicated 
that glycans could be involved in the anti- or/and pro-
inflammatory reactions in ICH. Collectively, this evidence 
alerts us to investigate the association between glycomics 
and serum cytokines in ICH.

https://cdn.amegroups.cn/static/public/ATM-20-7315-supplementary.pdf
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Biochip techniques are a promising method for the fast 
detection of multiple molecules, including proteins and 
nucleotides. We introduced a novel lectin-based biochip 
methodology for detecting glycans from clinical serum 
samples of patients with ICH. The biochip’s sensitivity, 
specificity, and biocompatibility proved to be potentially 
applicable in both laboratory and clinical utilization. We 
suggest that the biochip technique might become a suitable 
early detection platform due to its remarkable advantages of 
easy handling, timeliness, and minimal sample requirement. 
Also, the high throughput of data acquirement allows a 
preliminary screening with a panel of predictive molecules 
for disease in a vast cohort of patients. It is also essential to 
further explore whether glycans could effectively predict 
the onset of ICH in patient groups with high risks, such as 
hypertension and vascular malformation.

There were several limitations to this study. Firstly, 
the sample panel was relatively small, and the study was 
conducted at a single clinical center only. Secondly, only the 
serum levels of glycans were measured instead of identifying 
derived glycan chains or glycoproteins. Finally, a time 
course of sampling should have been designed to trace the 
changes in serum glycans from the admission point through 
the ICH patients’ treatment course. In further studies, we 
will enlarge the study spectrum to evaluate the diagnostic 
and prognostic roles of serum glycans in augmented ICH 
samples and analyze the potential relationships between 
glycomics and glycoproteomics in a larger ICH cohort.

Conclusions

In summary, we established a lectin-biochip based platform 
for the fast detection of serum glycomics in ICH patients. 
To our knowledge, this is the first study investigating serum 
glycomics as potential biomarkers. Glycans may become 
potential diagnostic biomarkers in the super-acute phase 
of ICH and display predictable and prognostic roles in 
evaluating the recovery of neural function and cognitive 
function in ICH.
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Supplementary

Figure S1 Diagnostic values for six lectin-related glycans in ICH patients using ROC curve. The AUC were yielded as 0.93 for ConA (P<0.01) 
(A), 0.95 for PNA (P<0.01) (B), 0.67 for VVA (P=0.04) (C), 0.92 for AAL (P<0.01) (D), 0.86 for LTL (P<0.01) (E), and 0.84 for AIL (P<0.01) 
(F), respectively. ICH, intracerebral hemorrhage; ROC, receiver operating characteristic; AUC, area under curve.

Figure S2 Correlation efficiency analysis of lectin-related glycans in ICH with serum level of TNF-α. (A-J) The serum concentration of TNF-α positively correlated with the serum level 
of ConA (r=0.44, P<0.01). ICH, intracerebral hemorrhage.
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Figure S3 Correlation efficiency analysis of lectin-related glycans in ICH with serum level of IL-10. (A-J) The concentration of serum IL-10 positively correlated with those of ConA (r=0.70, 
P<0.01), PNA (r=0.32, P=0.02), VVA (r=0.40, P<0.01), and MAL (r=0.29, P=0.04), respectively. ICH, intracerebral hemorrhage.
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