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. Acute-on-chronic hepatitis B liver failure (ACHBLF) is an increasingly recognized distinct disease entity
encompassing an acute deterioration of liver function in patients with cirrhosis, so little is known

. about the alterations of protein glycopatterns in serum with its development. We aimed to identify

: the alterations of serum glycopatterns in ACHBLF and probe the possibility of them as novel potential
biomarkers for diagnosis of ACHBLF. As a result, there were 18 lectins (e.g., WFA, GSL-II, and PNA) to
give significantly alterations of serum glycopatterns in ACHBLF compared with healthy controls (HC)
(all p <0.0386). Meanwhile, among these lectins, there were 12 lectins (e.g., WFA, GAL-Il, and EEL)
also exhibited significantly alterations of serum glycopatterns in ACHBLF compared with HBV-infected
chronic hepatitis (cHB) (all p < 0.0252). The receiver-operating characteristic (ROC) curve analysis
indicated there were 5 lectins (PHA-E + L, BS-1, ECA, ACA, and BPL) had the greatest discriminatory
power for distinguishing ACHBLF and HC or cHB, respectively (all p <0.00136). We provided a new basic
insight into serum glycopatterns in ACHBLF and investigated the correlation of alterations in serum
glycopatterns as novel potential biomarkers for diagnosis of ACHBLF.

Chronic hepatitis B virus (HBV) infection is a well-established cause of liver-related morbidity and mortality,
. and it is associated with an increased risk of chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)'.
: Acute-on-chronic liver failure (ACLF) has been defined as acute deterioration of liver function in cirrhotic
: patients over a period of two to four weeks, and is associated with progressive jaundice, hepatic encephalopathy
. and/or hepatorenal syndrome, and signs of multiorgan dysfunction®. ACLF has been shown to carry poor prog-
nosis, especially over the short-term, with an in-hospital mortality ranging from 50% to 66%>*. Patients with
HBV may experience a severe acute exacerbation of the disease that progresses into liver failure, which is defined
as acute-on-chronic hepatitis B liver failure (ACHBLF)®. Patients with ACHBLF had a medical history of ¢cHB,
serum total bilirubin (TBIL) levels >5 times the upper limit of normal (ULN), and prothrombin activity (PTA)
© <40%. Antiviral drugs may help reduce the high morbidity and mortality in such patients, especially in places
. where liver transplantation is not available in these patients®. In addition, many patients with ACHBLF die despite
significant reduction of HBV DNA, although antiviral drugs provide some short-term survival benefits”®. Better
diagnostic methods and biomarkers are urgently needed to improve prognosis of patients with ACHBLF at an
early stage as this will improve therapeutic effect and patient survival rates.
: Protein glycosylation is one of the most complex post-translational modifications (PTMs), because of the
. large number of enzymatic steps involved, with significant effects on protein folding, stability and activity®1°.
© Glycosylation has important biological roles: it takes part in transport of proteins, immune response, communi-
cation between cells, oncogenesis, tumor progression. Several glycosylations (e.g., sialylation, fucosylation, and
glycosaminoglycans (GAGs)) of human plasma glycoproteins have been proved to be biomarkers for various
diseases'!. Glycans have essential roles in biology and the etiology of many diseases!>!?. Certain types of glycan
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structures are epitope markers for cancer progression, such as sialyl Lewis¥, and sialyl Lewis* (carbohydrate anti-
gen 19-9, CA19-9). Lectins have long been used to characterize cell-surface glycans because of their substantial
selectivity'*!>. Several lectins, such as ConA, LCA, LTL, PHA-E and PHA-L, are generally used to study altered
glycan structures in chronic liver diseases!®. The advent of high-throughput glycomic techniques enabled the lec-
tin microarrays to observe multiple, distinct binding interactions simultaneously, which have become a primary
method to investigate glycosylation of entire samples'>'”.

The aim of the current study was to investigate the correlation of alterations in serum glycosylation related to
ACHBLE and systematically compare different or similar alterations of serum glycopatterns between healthy con-
trols (HC), HBV-infected chronic hepatitis (cHB), and ACHBLE, as well as assess the distribution and localization
of specific glycosidic residues in HC and ACHBLF tissues by fluorescence-based lectin histochemistry, and probe
the possibility of serum glycopatterns as novel potential biomarkers for diagnosis of ACHBLE.

Results

Alterations of serum glycopatterns from male and female subjects of ACHBLF. Sera from 30
ACHBLE 30 cHB, and 30HC were included, and to avoid the differences between subjects and tolerate individ-
ual variations, the participants were randomly assigned at the oncoming age stage and the proportionality of
male and female subjects in each group was in a 1:1 ratio. The layout of the lectin microarrays and glycopatterns
of Cy3-labeled pooled serum proteins from each group bound to the lectin microarrays are shown in Fig. 1A.
The normalized fluorescent intensities (NFIs) for each lectin in the three groups are summarized as the mean
values + standard deviations (SD) in Supplementary Table S1. The results showed that there were 25 lectins to
give positive signal in pooled sera from the three groups. The generated data from three biological replicates
were imported into EXPANDER 6.0 to perform a hierarchical clustering analysis (Fig. 1B). Lectin signal patterns
were classified into three categories to evaluate whether the glycopatterns of the sera glycoproteins were altered
in ACHBLEF: (1) results showing significant increases in NFIs (fold change >2, p < 0.05), (2) results showing
significant decreases in NFIs (fold change <0.5, p < 0.05), and (3) results showing almost even level in NFIs (fold
change range from 0.5 to 2, no significant difference). All based on fold change in pairs (with p-values lower
than 0.05) with the NFIs of each lectin from HC, cHB, and ACHBLF are showed in Supplementary Table S1. The
results showed the terminating with GalNAca/(31-3/6 Gal binder WFA, the GIcNAc and aGal binder GSL-II and
GSL-1, the Gal binder PTL-II, the branched (LacNAc), binder PWM, and the Gal31-3GalNAg, the terminal with
GalNAc binder BPL, exhibited significantly increased NFIs (all fold change >2, p=0.005) in ACHBLF compared
with HC and cHB (Fig. 1C).

There were 12 lectins (e.g., MAL-IIL, PTL-I, and SJA) to show stronger signal with the fold change greater
than 2 in ACHBLF compared with HC (Fig. 1D). Among the total, the a-Gal, a-GalNAc, Galal-3 Gal, and
Gala-1-6Glc binder BS-1, the Fucal-2Gal31-4Glc(NAc) binder UEA-I exhibited decreased NFIs (all fold change
<0.44, p < 0.05) in ACHBLF compared with cHB. Meanwhile, the Gala1-3(Fuca1-2)Gal binder EEL, Fuca
1-2Gal31-4GlcNAc and Fucal-3(GalB1-4)GlcNAc binder LTL, and T antigen binder ACA showed weak signal
with the fold change lower than 0.5 in ACHBLF compared with HC (Fig. 1E). However, the Gal31-4GlcNAc (type
II), GalB1-3GlcNAc (type I) binder ECA, the Gal31-3GalNAc, GalNAc binder MPL, the aGalNAc, Tn antigen,
GalNAcal-3(Fucal-2)Gal binder DBA, and the high-Mannose, Manal-6Man binder NPA was associated with
significantly increased NFIs in ACHBLF compared with cHB (all fold change >2.33, p <0.005) (Fig. 1F).

Assessment of serum glycopatterns as potential biomarkers for diagnosis of ACHBLF. Based
on 25 above candidate lectins (e.g., ECA, WFA, and GSL-II) that exhibited significantly alterations of protein
glycopatterns in serum with ACHBLE, and to assess the serum glycopatterns as potential biomarkers for diag-
nosis of ACHBLE, serum samples of another cohort of ACHBLF (n=16), cHB (n=16), and HC (n=20) were
tested using the lectin microarrays independently. There were 18 lectins (e.g., WFA, GSL-II, and PNA) to give
significantly alterations of serum glycopatterns in ACHBLF compared with HC (all p < 0.0386). Meanwhile,
among these lectins, there were 12 lectins (e.g., WFA, GAL-II, and EEL) also exhibited significantly alterations of
serum glycopatterns in ACHBLF compared with cHB (all p <0.0252). Notably, ECA showed only significantly
up-regulation of serum glycopatterns (p < 0.0001), however, MAL-I only showed significantly down-regulation
(p=0.0039) of serum glycopatterns in ACHBLF compared with cHB (Fig. 2). The principal component analysis
(PCA) was used to provide graphical representations of the relationships between ACHBLEF, cHB, and HC, which
was generated based on the data of each lectin response patterns together for 52 serum samples. The PCA results
showed that the subjects assigned to scatterplots tended to cluster separately to form ACHBLEF, cHB, and HC
pools with different symbols for each pool in Fig. 3A. Interestingly, it was seen that there were no overlapping
area among them, indicating that it was possible to distinguish between ACHBLF, cHB, and HC based on precise
alterations in serum glycopatterns.

Diagnostic accuracy for ACHBLF compared with HC/cHB.  Receiver-Operating Characteristic (ROC)
analysis was performed to show the diagnosis accuracy of the candidate lectins (Fig. 3B). Lectins with an AUC
value greater than 0.80 were selected further for individual candidate analysis. The results indicated there were 17
lectins (e.g., ECA, WFA, and GSL-II) achieved a better diagnosis power for the detection of ACHBLF compared
with HC and/or cHB. Among these lectins, there were 12 lectins (e.g., WFA, GSL-II, and PNA) had the discrim-
inatory power for distinguishing ACHBLF and HC/cHB, simultaneously. For example, the AUC curve for WFA
was 0.85 (95% confidence interval [CI]: 0.71-0.99; p < 0.001) for the diagnosis of ACHBLF compared with HC,
and 0.99 (95% CI: 0.98-1.00; p < 0.001) for the diagnosis of ACHBLF compared with cHB, respectively. Notably,
the other 5 lectins (PHA-E +L, BS-I, ECA, ACA, and BPL) had the greatest discriminatory power for distinguish-
ing ACHBLF and HC or cHB, respectively. The AUC curve for PHA-E + L and BS-I marked with blue was 0.82
(95% CI: 0.66-0.98; p=10.00124) and 0.92 (95% CI: 0.82-1.00; p < 0.001), respectively, which achieved a higher
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Figure 1. The glycopatterns of serum glycoproteins from male and female HC, cHB, and ACHBLF using
the lectin microarrays. (A) The layout of the lectin microarray, and the binding profiles of Cy3-labeled sera
proteins from HC and patients with cHB, and ACHBLF bound to the lectin microarrays. Lectins showing

the difference of glycan expression levels between HC, cHB, and ACHBLF were marked with red frames. (B)
Heat map and hierarchical clustering of the 37 lectins in three biological replicates. Red and green indicated
up- and down-regulated glycans in the ACHBLF (ACHBLF1-3), cHB (cHB1-3) and HC (HC1-3), respectively.
(C-F) Lectins revealed significant differences between HC, cHB, and ACHBLF according to one-way ANOVA

(*p <0.05,*p < 0.01, and ***p < 0.001).
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Figure 2. Scatterplots of the data obtained with the 25 candidate lectins against HC score. Red horizontal
lines represent the median. Correlation of the data with the progression of ACHBLF was evaluated as significant
differences in the medians relative to HC scores by a nonparametric method, the Kruskal-Wallis one-way
ANOVA.
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Figure 3. The diagnosis accuracy of the candidate lectins analyzed by PCA, and ROC curve analysis,
respectively. (A) The normalized glycopattern abundances responses to 3 pools were visualized by PCA. HC,
cHB, and ACHBLF were indicated by a blue dotted line, green dotted line, indigo dotted line, respectively. (B)
AUC of the 17 candidate lectins for HC, cHB, and ACHBLE. (C) The detailed information of the selected lectins
analyzed by ROC analysis. —: Lectins with an AUC value lower than 0.80.
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diagnostic accuracy and specificity for the diagnosis of ACHBLF compared with HC. While, the AUC curves
for ECA, ACA, and BPL marked with green was 0.99 (95% CI: 0.98-1.00; p < 0.001), 0.83 (95% CI: 0.68-0.98;
p=0.00136), and 0.94 (95% CI: 0.84-1.00; p < 0.001), respectively, which achieved a higher diagnostic accuracy
and specificity for the diagnosis of ACHBLF compared with cHB (Fig. 3C).

Validation of the differential serum glycopatterns. A serum microarray was made to rapidly test
the expression levels of the target glycans in individual serum samples by spotting 60 individual samples (20 of
ACHBLE, 20 of cHB, and 20 of HC serum samples selected randomly from each group) in the spotting buffer to
a concentration of 1 mg/mL on the surface of an epoxy slide according to our previous publication'®. The layout
of serum microarrays was shown in Supplementary Figure S1. Each serum sample was spotted in triplicate, and
the results of the serum microarray were shown in Fig. 4A. Five lectins (UEA-I, GSL-II, PHA-E + L, WFA, and
AAL) that revealed significant differences (p < 0.05) in serum glycopatterns according to the results of the lectin
microarrays were selected to validate the differential expression levels of the targeted glycan structures in indi-
vidual serum samples. As a result, these lectins staining showed increased fluorescence intensities (FIs) in Fig. 4B
(p <0.045), and UEA-I, GSL-II, WFA, and AAL had an increased FIs in ACHBLF compared with cHB (p < 0.05),
however, PHA-E + L had no significant alteration in ACHBLF compared with cHB (Fig. 4B). These results were
generally consistent with the results from the lectin microarrays.

Lectin blotting analyses were performed using the five lectins (UEA-I, GSL-II, PHA-E + L, WFA, and AAL)
to validate the differential expression levels of serum glycopatterns between 20 HC, 20 cHB, and 20 ACHBLF
(Samples selected randomly from each group). Silver staining showed similar molecular weights and global abun-
dance for proteins from HC, cHB, and ACHBLE, except for one apparent missing bands with molecular weights
(Mr) of 26-17kDa in HC (Fig. 4C). The results showed that UEA-I, GSL-II, and PHA-E + L had a stronger bind-
ing pattern in cHB and ACHBLF compared with HC, however, WFA showed an increasing binding pattern
from HC to cHB and ACHBLE AAL showed an increasing trend between HB and cHB and ACHBLE, notably,
some glycoproteins bind to AAL showed high expression levels, while some were down-regulated significantly
in ACHBLF compared with HC (Fig. 4D). These results were generally consistent with the results from the lectin
microarrays.

Distribution and localization of glycosidic residues in liver tissue sections. To further validate
and assess the distribution and localization of specific glycosidic residues in ACHBLE, and tumor adjacent tis-
sue (as HC tissues), the five lectins (UEA-I, GSL-II, PHA-E + L, WFA, and AAL) were selected from candidate
lectins showed significant alteration in serum glycopatterns of ACHBLF compared with HC/cHB. Firstly, all
the liver tissue samples were histologically examined by hematoxylin and eosin (HE) staining (Fig. 5A). Then,
the fluorescence-based lectin histochemistry was performed according to our recent publication’®. Each Cy3
labeled-lectin detected the targeted sugar structures present on 2 sets of tissue sections HC, and ACHBLF
(Supplementary Table S2). The Cy3 staining, Cy3-labeled BSA staining, and monosaccharide inhibition assays
for PHA-E + L and WFA were used as the negative controls.

The negative controls showed no positive signal (Supplementary Figure S2), and the selected lectins showed
a variety of binding patterns in different regions of pathological liver tissues (Fig. 5, and Table 1). As a result,
the expression levels of glycopatterns recognized by the selected lectins increased significantly in high-grade
ACHBLF in comparison with HC tissues. UEA-I showed strong binding to the perinuclear region of cytoplasm
of hepatocytes and nucleus, and little binding to mesenchymal cells in HC tissues, whereas this binding was
clearly increased in the same regions of hepatocytes and was slightly increased in the cytoplasm of mesenchymal
cells in ACHBLEF tissues (Fig. 5Bal-a4). GSL-II showed strong binding to the cytoplasm and central cytoplasm
of hepatocytes and did not bind to the mesenchymal cells in HC tissues, this binding was clearly increased in
the same regions of hepatocytes and was slightly increased in the cytoplasm of mesenchymal cells in ACHBLF
tissues (Fig. 5Bb1-b4). PHA-E + L showed strong signals in the membrane and the perinuclear region of the
cytoplasm of hepatocytes and even stronger binding to the membrane and the cytoplasm of mesenchymal cells
in ACHBLF tissues. However, the signal was lower in the same regions of hepatocytes and mesenchymal cells of
HC tissues. Interestingly, PHA-E 4 L showed scattered particle-like signals in the extracellular matrix of hepat-
ocytes and mesenchymal cells of HC tissues (Fig. 5Bc1-c4). WFA showed strong binding to the cytoplasm, and
the perinuclear region of the cytoplasm of hepatocytes and the cytoplasm, the central cytoplasm and the nucleus
of mesenchymal cells in ACHBLF tissues, whereas this binding was markedly weakened in both hepatocytes and
mesenchymal cells of HC tissues (Fig. 5Bd1-d4). AAL showed strong binding to the membrane and the cyto-
plasm of hepatocytes and little binding to mesenchymal cells in HC tissues, and this binding was increased in the
same region of hepatocytes and mesenchymal cells in ACHBLF tissues (Fig. 5Bel-e4). Those distribution and
localization of glycosidic residues in liver tissue sections may provide useful information to find new therapeutic
targeting.

Discussion

Chronic liver diseases are a serious health problem worldwide'®. The current gold standard to assess struc-
tural liver damage is through a liver biopsy which has several disadvantages®>*!. A non-invasive, simple and
non-expensive test to diagnose liver pathology would be highly desirable. Protein glycosylation has drawn the
attention of many researchers in the search for an objective feature to achieve this goal®?. Protein glycosylation is
the enzymatic addition of sugars or oligosaccharides to proteins. It is the most common form of PTM:s of proteins,
with as many as 70% of all human proteins estimated to contain one or more glycan chains**?*, and with 1% of
the human genome is involved in glycan production and modification®. Although individual liver diseases have
their own specific markers, the same modifications seem to continuously reappear in all liver diseases: hyperfu-
cosylation, increased branching and a bisecting N-acetylglucosamine®. One of the frequently reported glycan

SCIENTIFICREPORTS | 7:45957 | DOI: 10.1038/srep45957 6



www.nature.com/scientificreports/

UEA-I GSL-II PHA-E+L
UEA I GSL-II PHA E+L
10000+ 25001 sk 8000+
E *k * §‘ - %- .
£ 80004 g 2000 E o
€ k= k=
6000 = 15001 =
9 § 40004
2 40004 $ 10001 * 2
5 5 S 2000
S 20004 S 500 S
i T i
0l— . : 0l— . : 0 - . ”
S Y S Y S
& X &
v v v
WFA AAL
15000 - 10000 -
£ &
2 * 2 8000
g, | s
_f 10000 E 60001 *k
5 *% §
@ 2 40001
o 50001 % g
S 2 20001 é
ic
o= : : ol— : :
& L Q@\g & ® .28’\3
o e
C  Silver staining D UEA-I GSL-II PHA-E+L
KDa e fo==3" 1 2 3 1 2 3 1 2 3
— e

Figure 4. Validation of the differential expression levels of the glycopatterns in the sera associated with

the ACHBLEF. (A) The image of the serum microarrays, which included a total of 60 serum samples ranging
from HC (n=20) and patients with cHB (n=20) and ACHBLF (n = 20). (B) Box plot analysis of the original
data obtained from the serum microarrays. Error bars represent 95% confidence intervals for the means.

The statistical significance of the differences between HC, cHB, and ACHBLF was indicated by the p-value.

(*p <0.05,**p <0.01, and ***p < 0.001). (C) SDS-PAGE analysis. (D) The binding pattern of glycoproteins from
serum samples of HC, cHB and ACHBLF were analyzed by using 5 lectins (UEA-I, GSL-II, PHA-E + L, WFA,

and AAL).
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Figure 5. Distribution and localization of glycosidic residues in liver tissue sections. (A) Histological
examination of the resected liver tissues. (B) The images were acquired using the same exposure time and
shown on the same scale for the selected lectins (UEA-I (al-a4), GSL-II (b1-b4), PHA-E + L (c1-c4), WFA (d1-
d4), and AAL (el-e4)) in the Cy3- and DAPI-merge channel. H: Hepatocytes; M: Mesenchymal cells.
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HC tissue ACHBLEF tissue
Lectin Hepatocytes Mesenchymal cells Hepatocytes Mesenchymal cells
UEA_I ++pc+n +pc+n +++pc+n ++pc+n+c
GSL-II et +" et Jeteetn
PHA-E+L e e e e
WEFA +4n +eetpe +etre et
AAL +etm et et e,

Table 1. Lectin-binding pattern in healthy control tissue (HC), and Acute-on-chronic hepatitis B liver
failure tissue (ACHBLF) by histochemistry®. *Binding intensity: 4+, very strong binding; ++-, strong
binding; +, moderate binding; Binding regions: m, cell membrane; ¢, cytoplasm,; cc, central cytoplasm; pc,
perinuclear region of cytoplasm; n, nucleus.

alterations in liver disease is a glycan of aberrant fucosylation that is recognized by LCA, which was suggested
as a marker for serological monitoring. For example, the LCA-reactive a-fetoprotein (AFP) AFP-L3 is a more
specific biomarker for the diagnosis of HCC than the AFP. The latest study observed protein and site specificity
of fucosylation in liver-secreted glycoproteins (e.g., serum al-acid glycoprotein) and N-glycan alterations in the
development of HCC?-3. With regard to virus-infected chronic hepatitis, the presence of the aberrant glycans
in sera is mainly due to glycosyltransferase genes expression changed due to virus genes or proteins regulations.
And the other way is through B-lymphocytes autocrine and paracrine stimulation by the receptors of the inflam-
matory cytokines®. Thus lead to the abnormal glycosylation modifications in both the core structures of glycans
and the terminal structures. In previous study, the HBV infection has been most extensively investigated in search
of changes in glycosylation. Hyperfucosylation, increased branching and the presence of increased bisecting
N-acetylglucosamine of glycans are clearly associated with different type of liver disease!®. Gui et al. reported that
several serum N-glycans were altered during the development of liver fibrosis, and higher levels of total agalac-
tosylated biantennary glycans in fibrosis patients with HBV infection than in healthy controls. The biantennary
(NA2) and the triantennary (NA3) N-glycans decreased significantly with increased severity of fibrosis®.

ACHBLF is a devastating syndrome with inordinately high mortality®. The short-term prognosis of patients
with spontaneous severe acute exacerbation of cHB leading to ACLF-like presentation is extremely poor, with
a rarely high mortality rate®*-3%. Liver transplantation has been the only definitive therapy available to salvage
this group of patients; however, this is not readily available and feasible in many parts of the world where HBV
is highly endemic®**. Better diagnostic methods are urgently needed to improve diagnosis of patients with
ACHBLF in the short-term for the investigating survival of ACHBLE.

In this study, a lectin microarray was used firstly to investigate sera glycopatterns in the pooled samples and
individual sample of subjects, respectively, and systematically compare different or similar alterations of serum
glycopatterns between HC, cHB, and ACHBLE There were 18 lectins (e.g., WFA, GSL-II, and PNA) to give sig-
nificantly alterations of serum glycopatterns in ACHBLF compared with HC (all p <0.0386). Meanwhile, among
these lectins, there were 12 lectins (e.g., WFA, GAL-II, and EEL) also exhibited significantly alterations of serum
glycopatterns in ACHBLF compared with cHB (all p <0.0252). The PCA was used to provide graphical rep-
resentations of the relationships between HC, cHB, and ACHBLE, which showed that the subjects assigned to
scatterplots tended to cluster separately to form HC, cHB, and ACHBLF pools that there were no overlapping
area, indicating that it was possible to distinguish between HC, cHB, and ACHBLF based on precise alterations in
serum glycopatterns. The ROC curve results indicated that there were 17 lectins (e.g., ECA, WFA, and GSL-II) to
show high diagnostic accuracy for diagnosis of ACHBLF, among these lectins, 5 lectins (PHA-E + L, BS-1, ECA,
ACA, and BPL) had the greatest diagnostic power for distinguishing ACHBLF and HC or cHB, respectively (all
p<0.01). Then, a serum microarray was made to rapidly test the expression levels of the target glycans in indi-
vidual serum samples and validate the differential expression levels of serum glycopatterns between HC, cHB,
and ACHBLF based on lectin blotting analyses. These validation results were generally consistent with the results
from the lectin microarrays.

Liver tissue is composed mainly of hepatocytes and mesenchymal cells in which glycoproteins are found
primarily in the cytoplasmic membrane, central cytoplasm (including the mitochondria and centrosome), the
perinuclear region of the cytoplasm (including the endoplasmic reticulum (ER) and Golgi body), and sometimes
in the nucleus®*. Interestingly, a variety of distinct protein glycosylation reactions occur in the ER and Golgi
body. In some instances, both the proteins to be glycosylated and the precursor sugar donors must be translocated
across the membrane from the cytoplasm to the lumen of the ER*-*2, and play an important role in many bio-
logical process including cell-cell interactions, cell signaling transduction, immune responses, and protein trans-
portation®>. Likewise, some glycosylated proteins (e.g., CSF1R) are also known to be secreted from the activated
macrophages by a PKC-mediated mechanism®~*. Of particular relevance for our study, the fluorescence-based
PHA-E + L histochemistry showed stronger signals in the membrane and the perinuclear region of the cytoplasm
of hepatocytes and even stronger binding to the membrane and the cytoplasm of mesenchymal cells in ACHBLF
tissues. However, the fluorescence-based WFA histochemistry showed a stronger binding to the cytoplasm, and
the perinuclear region of cytoplasm of hepatocytes cells, as well as the cytoplasm, the central cytoplasm, and
the perinuclear region of cytoplasm of mesenchymal cells in ACHBLF tissues. So, the expression levels of the
complex-type N-glycans recognized by PHA-E 4 L and the terminating in GalNAca/B31-3/6 Gal recognized by
WFA in the liver tissue of ACHBLF patients suggested that the secretion of these glycosylated proteins into the
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ACHBLF (n = 46) cHB (n=46) HC (n=70)
Sex, Female/male 22/24 26/20 36/34
Age (year) 43.82£9.89 39.442.57 37.2+2.36
HBsAg/HBeAg (+) + + -
HBV-DNA log10cps/mL 1.27E+005 3.8E+006 NA
TBIL (mmol/L) 291.08 £34.11 43.23+£3.57 13.84£2.21
DBIL (mmol/L) 180.45 +23.62 243+1.82 NA
IBIL (mmol/L) 95.76 £10.98 18.22+3.41 NA
ALT (IU/mL) 495.74 4+ 140.75 124.43 £23.76 NA
AST (IU/mL) 319.36£40.02 111.39+21.76 NA
TP (g/L) 65.67 £3.15 68.69 £ 5.80 NA
ALB (g/L) 34.32+0.89 38.75+5.90 NA
GLB (g/L) 33.56£1.36 29.68 +4.87 NA
PTA (%) 31.2+4.46 78.90+9.08 NA
GGT (U/L) 98.42+8.91 67.90+5.67 NA
ALP (IU/L) 145.66 +15.86 89.90+9.00 NA
AFP (ng/mL) 198.08 £10.87 71.86+£7.98 NA

www.nature.com/scientificreports/

Table 2. Summarizes the baseline clinical characteristics of study population. [mean 3= SEM].
Abbreviations: Data are expressed as mean + SEM. ALT, alanine aminotransferase; TBIL, total bilirubin; PTA,
prothrombin activity; ACHBLE, acute-on-chronic hepatitis B liver failure; cHB, HBV-infected chronic hepatitis;
HC, healthy controls; NA, not available.

serum may be caused by the activation of macrophages, and be associated with hepatic inflammation and cell
signaling transduction, the relevant mechanism need to be further studied.

In conclusion, the present study investigated the alterations in serum glycosylation related to ACHBLF in
comparison with HC and cHB, and systematically compare different or similar alterations of serum glycopatterns
between HC, cHB, and ACHBLE, and probe the possibility of serum glycopatterns as novel potential biomarkers
for diagnosis of ACHBLE, as well as assess the distribution and localization of specific glycosidic residues in HC
and ACHBLF tissues by fluorescence-based lectin histochemistry, which may provide useful information to find
new therapeutic targeting. This study provides insight into the discovery of potential biomarkers for diagnosis of
ACHBLF based on the precise alterations of serum glycopatterns.

Materials and Methods

Study approval. The collection and use of all human pathology specimens for research presented here
were approved by the Ethical Committee of Northwest University, the second affiliated hospital of Xi'an Jiaotong
University, and Tangdu Hospital of Fourth Military Medical University, (Xi’an, P. R. China). Written informed
consent was received from participants for the collection of their whole serum and tissues. This study was con-
ducted in accordance with the ethical guidelines of the Declaration of Helsinki.

Serum collection. In this study, a multicenter, randomized, open-label, parallel-group design was used.
The collection of human whole blood was performed in accordance with approved guidelines. The collection
protocols were provided in the Supplementary Information. Serum samples were collected from 70 HC, and
92 HBV-infected patients (46 cHB and 46 ACHBLF) without antiviral drug treatment from May 2014 through
December 2015. Enrollment at each hospital was performed with the use of blocks and randomized for sample
balance. The primary clinical and biological data of the patients were summarized in Table 2.

Lectin microarrays, data acquisition and analysis. To normalize the differences between subjects and
to tolerate individual variation, 100 pL of each samples from HC, cHB, and ACHBLF were pooled for lectin
microarray detection. The remanent samples from each group were maintained individually for further valida-
tion. Total proteins in sera were labeled using Cy3 fluorescent dye and purified using a Sephadex-G25 column**¥7.
The detailed information of the lectin microarrays was provided in the Supplementary Information. The acquired
images were analyzed at 532 nm for Cy3 detection using Genepix 3.0 software. The average background was sub-
tracted, and values less than the average background +2 SD were removed from each data point. The median of
the effective data points for each lectin was globally normalized to the sum of medians of all effective data points
for each lectin in a block. The normalized data of the parallel groups were compared with each other based on fold
change, according to the following criteria: fold change >2.0 or <0.50 (with p-values lower than 0.05) in pairs
indicated up- or down-regulation, respectively.

Serum microarrays. A serum microarray was produced by 60 individual serum samples from HC (n=20)
and patients with cHB (n=20), and ACHBLF (n = 20) according to our previous protocols*. Blocking buffer and
incubation buffer used in Serum Microarrays could be found in Supplementary Table S3. Detailed information
was provided in the Supplementary Information.
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Lectin blotting.  Glycoproteins were further analyzed using lectin blotting, which was performed as previ-
ously described?. Detailed information was provided in the Supplementary information.

Fluorescence-based lectin histochemistry. The methodology of fluorescence-based lectin histochem-
istry was performed as previously described'®. Tissue samples were stained with HE staining'®***. To quanti-
tate expression levels of the targeted sugar structures in ACHBLF tissues, five fields of perisinusoidal area were
visualized at 80 x objective magnification and analyzed with the Image-Pro Plus Version 6.0 software. Detailed
information was provided in the Supplementary Information.

Statistical analysis. The lectin microarray data were expressed as the mean & SD°!%2, Differences between
two arbitrary data sets or multiple data sets were tested using Student’s ¢-test or one-way ANOVA in SPSS ver-
sion 19. The original data were further analyzed by Expander 6.0 (http://acgt.cs.tau.ac.il/expander/), and PCA
(Multi- Variate Statistical Package (MVSP), UK) in order to perform hierarchical clustering analysis. ROC curve
analysis was carried out to assess classification efficiencies for the diagnosis accuracy of the candidate lectins.
Diagnostic accuracy was expressed in terms of area under curve (AUC) values of each lectin between ACHBLE,
cHB and HC. P values < 0.05 were considered statistically significant.
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